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Units and Measurements

Syllabus: Units for measurement, system of units—SI, fundamental and derived units, dimensions and their applications.

Review of Concepts

=

1. Grammar of units:

(@) The unit is always written in singular form. e.g., foot
not feet.

(b) No punctuation marks are used after unit. e.g., sec
not secs.

(c) If a unit is named after a person, the unit is not
written with capital initial letter. e.g., newton not
Newton.

(d) If a unit is named after a person, the symbol used is
a capital letter. The symbols of other units are not
written in capital letters. e.g., N for newton (not n).

(e) More than one unit is not used at a time.

e.g. 1poise=1g/s cm (and not 1 gm/s/cm)

2. Representation of physical quantity:

(a) Physical quantity = nu
Here n = numerical value of physical quantity in a
proper unit u.

(b) mquq=mnquy
Here, n;=numerical value of physical quantity in
proper unit 1
ny =numerical value of physical quantity in proper
unit .

{c) As the unit will change, numerical value will also
change. e.g., acceleration due to gravity,

g=32ft/s*=9.8 m/s’

(d) Addition and subtraction rule: Two or more
physical quantities are added or subtracted when
their units and dimensions are same.

(e) fA+B=C-D
Then unit of A = unit of B = unit of C = unit of D
Also, dimensions of
A =dimensions of B = dimensions of C
= dimensions of D

(f) After multiplication or division, the resultant
quantity may have different unit.

3. Unit
I
! } | K
Fundamental Derived Supplementary Practical
unit unit unit unit

() Fundamental wunit: It is independent unit.

Fundamental units' in any system of measurements are

independent to each other. In other words, one fundamental
unit cannot be expressed in the form of other fundamental
unit.

Fundamental Units in Different System of
Measurement ;

A. MKS System (Mass, Kilogram, Second System)

Quantity Unit Abbreviation
(i) |Mass kilogram kg
(ii) | Length or Distance | metre m
(iii) | Time second s

B. CGS System or Gaussion System
(Centimetre, Gram, Second System)

Quantity Unit Abbreviation
(i) | Mass gram g
(ii) | Length or Distance | centimetre cm
(iii) | Time second S

C. FPS System (Foot, Pound, Second System)

Quantity Unit Abbreviation
(i) |Mass slug
(i) | Length or Distance | foot ft
(iii) | Time second s

D. MKSA System

Quantity Unit Abbreviation
(i) |Mass kilogram kg
(ii) |Length metre m
(iii) | Time second s
(iv) | Electric current ampere A

E. MKSQ System

Quantity Unit Abbreviation
(i) |Mass kilogram kg
(ii) |Length metre m
(iii) | Time second s
(iv) | Electric charge coulomb C

F. SI System (International System of Units)
This system is result of CGPM meeting in 1971.
Now-a-days this system is popular throughout the world.
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Quantity Unit Abbreviation
(i) |Mass kilogram kg
(i) |Length metre m
(iii) | Time second s
(iv) | Electric current ampere A
(v) [ Temperature kelvin k
(vi) | Amount of substance | mole mol
(vii) | Luminous intensity candela cd

Definition of Fundamental Units :

(i) Kilogram: The standard of mass was established in
1887 in France. One kilogram is defined as the mass
of a cylinder made of platinum-iridium placed at the
international Bureau of weights and measures in
Sevres, France.

(ii) Metre: The SI unit of length was defined with most
precision in 1983, at the seventeenth general
conference cii weights and measures. According to
this, one metre is defined as the distance travelled by
light in vacaum during a time interval of

1
299792458

(iii)Second : One second is defined as the time required
for 9192631770 periods of the light wave emitted by
caesium-133 atoms making a particular atomic
transition.

(IT}) Supplementary wunit: The

dimensions is supplementary unit.

second.

unit " having no

eg., Plane angle — Radian
Solid angle — Steradian

(IT1) Practical units: A larger number of units are used
in general life for measurement of different quantities in
comfortable manner. But they are neither fundamental units
nor derived units.

Generally, the length of a road is measured in mile. This
is the practical unit of length. Some practical units are given
below :

(@) 1fermi=1fm= 105 m

(b) 1 X-rayunit=1xu= 103 m

(c) 1angstrom=1A — 1079 m

(d) 1micron=1pum=10"%m

(e) 1astronomical unit=1Au=149x10"m

[Average distance between sun and earth, i.e., radius
of earth’s orbit)]
(f) 1lightyear =11y =9.46 x 10"°m
[Distance that light travels in 1 year in vacuum]

(g) 1 parsec=1pc=3.08 x 10'® m = 3.26 light year
[The distance at which a star subtends an angle of
parallex of 1 s at an arc-of 1 Aul.

(h) One shake= 107" second.

(i) One slug =14.59 kg

() One pound =453.6 gram weight

(k) One metric ton =1000 kg

Units and Measurements
() 1barn= 1028 m?
(m) 1 atmospheric pressure =1.013 x 10° N/m?
=760 mm of Hg
) 1bar=10° N/m?or pascal
(0) 1torr=1mm of Hg = 133.3 N/m?
(p) 1mile=1760 yard = 1.6 kilometre
(q) 1yard=3ft
(r) 1ft=12inch
(s) 1inch=2.54 cm
(t) 1 poiseuille= 10 poise

(n

~—

(u) One chandra shekhar limit =1.4 X mass of Sun

(IV) Derived units: Derived unit is dependent unit. It
is derived from fundamental units. Derived unit contains one
or more than one fundamental unit.

Method for Finding Derived Unit:

Step I: Write the formula of the derived quantity.

Step 11: Convert the formula in fundamental physical
quantities.

Step III: Write the corresponding units in proper
system.

Step IV: Make proper algebraic combination and get
the result.

Example : Find the SI unit of force.

Solution: Stepl - F=ma

Av _m As
Step Il -» F=m AL = AL AL

kilogram x metre

Sigp W 2 27 second X second

Step IV — The unit of force

= kilogram metre per second’

4. Abbreviations for multiples and submultiples:

Factor Prefix Symbol
10% yotta Y
102 zetta Z
1018 exa E
0P peta P
10%2 tera T
10° giga G
10° mega M
10° kilo k
102_ hecto h
10! deka da
107! deci d
1072 centi cm
107 milli m
107 micro u
107 nano n
10712 pico p
10713 femto f



Units and Measurements

Factor Prefix
1078 atto
1072 zepto
107 yocto
108 million
10° billion
1012 trillion

5. Some approximate lengths:
Measurement

Distance to the first galaxies formed

Distance to the Andromeda galaxy

Distance to the nearest star.
(Proxima Centauri)

Distance of Pluto

Radius of Earth

Height of Mount Everest
Thickness of this page
Length of a typical virus
Radius of a hydrogen atom
Radius of a proton

6. Some approximate time intervals:
Measurement

Life time of a proton (predicted)
Age of the universe
Age of the pyramid of cheops
Human life expectancy
Length of a day
Time between human heart beats
Life time of the Muon
Shortest lab light pulse
Life time of the most unstable particle
The Plank time
7. Some approximate masses:
Object
Known universe
Our galaxy
Sun
Moon
Asteroid Eros
Small mountain
Ocean liner
Elephant
Grape
Speck of dust
Penicillin molecule
Uranium atom
Proton
Electron

Symbol

Length in metres

2 x10%
2x 10%
4x10%

6 x 1012
6 x 10°
9x10°
1x1074
1x1078
5x107 11
1x10° 13

Time interval
in second

1x10%
5x 10V
1x 101
2x10°
9 x 10*
8x107!
2x107°
6x1071°
1x1072
1x10~%

Mass in kilogram

1x 10>
2x 104
2x10%
7 x 10%
5x10%
1x 102
7 x 107
5x 10%
3x1073
7x10 10
5x10
4x107%
2x10%
9x 107!

3

8. Dimensions and Dimensional Formulae: The
dimensions of a physical quantity are powers raised- to
fundamental units to get the derived unit of that physical
quantity. The corresponding expression is known as
dimensional formula.

In the representation of dimensional formulae, fundamental
quantities are represented by one letter symbols.

Fundamental Quantity Symbol
Mass M
Length or Distance L
Time T
Electric current I
Temperature K
Amount of substance mol
Luminous intensity cd

Method for finding dimensional formulae :

Step I: Write the formula of physical quantity.

Step II: Convert the formula in fundamental physical
quantity.

Step III: Write the corresponding symbol for fundamental
quantities. -

Step IV: Make proper algebraic combination and get
the result.

Example: Find the dimensions of momentum.

Solution: Step I - Momentum =Mass x Velocity

Displacement

Step II - Momentum =Mass x -
Time

_IML]
[T]
Dimensional formula of momentum
=[Momentum] = [MLT 1

The dimensions of momentum are 1 in mass, 1 in length
and -1 in time.

Step III - Momentum

Example: The unit of gravitational constant is Nm*/ kgg.
Find dimensions of gravitational constant.
_ Solution: Step I — Write physical quantities of corres-
ponding units.

Nm?2 _ Force (Length)?
kg2 (Mass)2

Step I — Convert derived physical -quantities in
fundamental quantities.

Here,

Force x (Length)2
(Mass)2

Gravitational constant =

_ (Mass x Acceleration) X (Length)2
(Mass)?

Mass Change in velocity
= X
(Mass)2

(Length)g (Distance ]

2
Time ) (Length)

~ Mass x Time| Time



4 Units and Measurements

Step III = Use proper symbols of fundamental quantities. 12 L
= [Gravitational constant] := MTT

Gravitational constant = LY = ]
[MT] " [T] =M3T?
. The dimensional formula of gravitational constant
9. Unit and Dimensions of some Physical Quantities
S. . " . : Dimensional
No. Physical Quantity Formula Name of SI Unit SI Units Formula
1. |Displacement or distance length metre m MOLITO
or length
2. |Mass — kilogram kg Moo
3. | Time 1} second s MOLeT!
4. |Electric current = ampere A MOLOTo!
5. | Thermedynamic _ kelvin K |
temperature
6. | Amount of = mole mol L
substance
7. |Lumince intensify — candela cd —
8. |Area length x breadth ~ [square metre m? MoL210
9. |Volume lengthx'breadth cubic metre 3 MOL3TO
x height
10. | Density mass kilogram per cubic 5 =
[volume} metre kg/m ML™T
11. |Relative density or specific| density of substance kg/m3
i j o MOLOTO or
gravity density of water at 4°C —_ ke/m>
g/m dimensionless
=no unit
12. | Velocity or speed dis'tance metre per second _— MOLIT-1
time
13. | Acceleration or change in velocity metre per square second 2 Or 12
retardation or g time m/s MLT'T
14. |Force (F) mass X acceleration |newton or
kilogram metre per| N orkg m/s MILIT
square second
15. |Linear momentum (p) mass X velocity kilogram metre per kg m/s Ml
second
16. |Impulse force x time interval [newton-sec Ns miLiT-!
17. | Pressure force pascal or newton per N/m? or Pa Ml 72
area square metre
18. [Work force x distance kilogram-square metre
per square second or kg-mz/sz or] MIL2T 2
joule
19. |Energy equivalent to work |kilogram square metre 2,2
kg m“/s 1y 22
per square second or MLT
joule e3 )
20. |Power (P) work watt (W) or joule per
time second * or kilogram| kg m2/s® or ]/s 1y 2 -3
. ML°T
square metre per cubic or watt (W)
second
21. |Gravitational constant (G) P newton-square  metre
e 2 2 -1 3 -2
G= Myt per square kilogram Nm“/kg ML°T
0r 00
arc ; M-L"T" or
22. | Angle (6) adius radian rad dimensioniess
23. | Angular velocity (w) angle (0) radian per second
& . 2 g? P rad/s MOLOT!




Units and Measurements

. Physical Quantity Formula Name of SI Unit SI Units Dimendional
No. 7 Formula
24, | Angular acceleration (o) change in angular radian per square

velocity  |second rad/st MOOT-2
time taken
25. |Moment of inertia (I) mass x (distance)? kilogram square metre kg m2 MIL2TO
26. |Radius of gyration (K) distance metre m MoLITO
27. | Angular momentum (L) I6> kilogram square metre kg ko M2
N per second
28. |Torque (?) la newton metre  or
kilogram-
togram N-m or kg m?/s? MIL2T
square metre per square
second
newton per
29. |(Spring) force constant (k) force metre or kilogram per| N/m or kg/s"l MILOT2
displacement
square second
30. [Surface tension force newton per metre N/m MILOT2
length
31. |Surface ener ener joule per metre square
gy gy ) p q J/m? MILOT2
area
32, t 1
Stress force newton per square N/m2 ML T2
area metre
33. | Strain change in dimenson  No unit
original dimension - MOLOTO
or AL
L
34. | Young’ dul logitudinal stress newton er square 3
34 oung’s modulus (Y) og.1 u .ma str . P q 2 ML T2
logitudinal strain metre
35. | Bulk modulus (B) volume stress newton per square
volume strain metre N/m M2
normal stress
[volume strainJ
36. |C ressibilit 1 t
f ompressibility square metre  per N1 m? M-I T2
Bulk modulus newton
37. |Modulus of rigidity or shearing stress newton per square 1o <12
shear modulus shearing strain metre A M
38. | Coefficient of viscosity (n) _ N poise or kilogram per
e A [@ 3 metre per second kg m™'s! or poise MiLit!
Ax
39. | Coefficient of elasticit ' 2
oefficient of elasticity stre.ss newton per square N/m? MIL1 T2
strain metre
40. |Reynold’s number (R) R= p:]VC no unit . MOLOTO
41. |Wavelength () distance metre m Moo
42. |Frequency (v) number of per second or hertz
vibrations s orHz MOLOT!
second
43. |Angular frequency (o) =27V radian per second rad/s MOLOT!
44, | Time period T second s MOLOT!
45. |Intensity of wave (I) I=2r*?pv or energy|Watt per square metre
transported per iunit W/m” Mot
area per second
46. | Gas constant (R) % joule per mole kelvin J mol™! K1 MIL2T-2k
47. | Velocity gradient velocity change per second = )
e g s M'L°T

distance




Units and Measurements

S.” . : ] . Dimensional
No. Physical Quantity Formula Name of SI Unit SI Units Formula
48. |Rate of fl | fl bi t d

ate of flow volume flow cubic metre per secon ] MOL3T!
time

49. | Thermal conductivity (K) K= Q kilocalory per.metre per Kkeal . !

A AB degree  celsius  per oc -151 MIL T 89~
Ax second el 5
50. |Specific heat (c) _Q joule -per kilogram per 1 -1 Or 2 o201
€= mat kelvin LR MK
51. |Latent heat (L) % joule per kilogram I/kg MO[2T2
52. |Planck’s constant (1) energy joule-second Js Ml 27!
frequency
53. |Boltzmann constant (k PV joule per kelvin
(kp) ) p J/K M2 T2k
TNy
54. |Stefan’s Boltzmann _E watt per square metre 94 v 03— 4
constant (o) AtT? per (kelvin)* Wm™K MLT K

55. {Charge g=1It ampere-second or As or C MOLOT I

coulomb

56. |Dielectric constant K no unit Unit less dimensionless
57. | Electric field E =t o E=-A— newton per coulomb or N/C or V/m ML T3

q volt per metre
58. |Potential (electric) V::ﬂ volt or joule per J/C or volt M2 T3
q coulomb
59. |Electric dipole moment p=2qL coulomb-metre C-m MOLETI
60. |Resistance (R Vv ohm
®) -7 Q MIL2 T3
61. |Electric flux B volt-metre
_ . : 1y 3 -31-2
(® or ¢p) ¢e=Q E- dA V-m MIL3 T3]
62. |Permittivity of free space 1 9192 square coulomb per
- 172 23g-1..-2 -1y 32
(gg) . 4nF 2 newton per square metre C'N''m MTLT
63. |Capacitance C =IV farad F ML T4
64. [Specific  resistance  or _RA ohm-metre 1y 3 p—31-2
electrical resistivity P=" 4 ML
65. | Conductance G:-I—.:l oIl or e o
Vv & seimen or ampere per AV~ or S or mho MIL2 T2
volt

66. | Current density ]=;£T ampere per square Am> MOL-2T01

metre

67. {EMF (E) volt A% MIL2T-3!

[ E tesla or newton per = 2

68. B = & -1 -1 1 0 p-2-1

| Magnetic field (B) = ampere per metre Tor NA™'m ML T
69. |Permeability of free space L AndB tesla-m per ampere TmA™L ML T2
(o) W= Tarsin 0
70. {Magnetic dipole moment newton-metre per tesla 1 Oy 2051
M) M=IA or M=NIA N-m-T M"LT'1
71. |Magnetic flux dp=B-A weber Wb MIL2T 21!
72. |Inductance b weber per ampere or Wb A1 M2 T2
(L or- M) I henry or H
R
f I=lpe '
73. | Time constant RO CR =lo¢ second s MOLOIT1

R




Units and Measurements

10. Homogeneity principle: If the dimensions of left
hand side of an equation are equal to the dimensions of right
hand side of the equation, then the equation is'dimensionally
correct. This is known as homogeneity principle.

{LHS] = [RHS]

11. Uses of dimensions:

(a) To check the correctness of a given physical equation:
According to homogeneity principle; if the
dimensions of left hand side of an equation is same
as that of right hand side of the equation, then the
equation of physical quantity is dimensionally
correct. Generally, physical equation contains one or
more than one dimensionless constant. But
homogeneity principle becomes failure to give
information about dimensionless constant. Due to
this reason, a dimensionally correct equation may or
may not be physically correct.

Example : Show that the expression of velocity of sound

Mathematically,

given by v = =lis dimensionally correct.

Here, E =coefficient of elasticity
p =density of medium

[LHS]=[v]=[LT ]

[R.H.s,]=[[% ];_.2 ]

-1 m-2\172 )
e

[L.H.S]=[RHS.]

Hence, equation is dimensionally correct.

(b) To derive new relation among physical quantities :
Homogeneity principle of dimensions is powerful
tool to establish the relation among various physical
quantities.

Example: The time period T of simple pendulum
depends upon length I of the pendulum and gravitational
acceleration. Derive the formula for time period of simple
pendulum.

Solution :

Solution : T=f(1Lg

Let, Tel?
T o< gb

where, a and b are dimensionless constant.
T=k%%"

where, k is dimensionless constant.
[L.H.S.]=[T]=[M°LOT]
and [RHS.]=(%"
=[L* (LT 2
= [La +b T —2b]
= [MOLe+ b T2

According to homogeneity principle,

[L.HS.]=[R.HS.]

For dimensional balance, dimensions on both sides
should be same.
a+b=0 and -2b=1
1

b=-3

B =

a=

T=2n\/1_
8

[since, numerical value of k in case of simple pendulum

is 2m.]

(c) To convert a physical quantity from one system to
the other: Dimensional formula is useful to convert
the value of a physical quantity from one system to
the other. Physical quantity is expressed as a product
of numerical value and unit.

In any system of measurement, this product remains
constant. By using this fact, we can convert the value
of a physical quantity from one system to the other.

Example: Convert one joule into erg.

Solution : Joule is SI unit of work. The dimensions of

work in SI = [W;]=[M;L% T;?] in SL
But erg is CGS unit of work. The dimension of work is
CGS =[Wy] = [M,L; T5°]

ny [u1] =ny [u;]

ny [MiL? Ti%] = np ML T57)
Here, M;=kg
Li =metre
T, =second
M, =gram
Ly=cm
T, =second
M; =1000M,
L, =100L,
and T,=T,
m=1
M (L] ]
w2 7]
"1000M, ][ 1000, 1T, 7>,
-oe Rl -

1joule= 10" erg
12. Limitations of dimensions:

1
(a) Numerical constant has no dimensions e.g., =/ 21 etc.

i
(b) Trigonometrical ratios have no dimensions eg.,
sin 8, cos 6, tan 8 etc.

(c) Exponents have no dimensions, eg., ¢*
In this case, €' and x both have no dimensions.



(d) Logrithms have no dimensions, e.g., Inx

" Here In x and x both have no dimensions.

(e) This method gives no information about dimensional
constants. Such as the wuniversal constant of
gravitation (G) or Planck’s constant (k) and where
they have to be introduced.

(f) This technique is useful only for deducing and
verifying power relations. Relationship involving
exponential, trigonometric functions, etc. cannot be
obtained or studied by this technique.

(g) In this method, we compare the powers of the
fundamental quantities (Like M, L, T etc.) to obtain
a number of independent equations for finding the
unknown powers. Since, the total number of such
equations cannot exceed the number of fundamental
quantities, we cannot use this method to obtain the
required relation if the quantity of interest depends
upon more parameters than the number of
fundamental quantities used.

(h) In many problems, it is difficult to guess the
parameters on which the quantity of interest may
depend. This requires a trained, subtle and intuitive
mind.

13. Significant figure :

(a) The significant figures are those number of digits in
a quantity, that are known reliably plus one digit that
is uncertain.

(b) All the non-zero digits are significant. 1325 has
significant figures =4.

(c) All zeros between two non-zero digits are significant.
1304 has four significant figures.

(d) The zeros of the right of decimal point and to the
left of a non-zero digit are significant. 0.0012 has
significant figures as two whereas 6400 has of two.

Measured Number of Significant
Values Figures

1234 4

86.234 5

0.0013 2

3100 2

23.100 5

1.80x 10 3

14. Round off a digit: The rules for rounding off a

measurement are given below :

(a) If the digit right to the one rounded is more than 5,
the digit to be rounded is increased by one.

(b) If the digit right to the one rounded is less than 5,
the digit to be rounded remains the same.

(c) If the digit right to the one rounded is equal to 5,
the digit to be rounded is increased by one, if it is
odd.

(d) If the digit right to the one rounded is equal to 5, the
digit to be rounded remains the same, if it is even.

Units and Measurements

Example: Round of the following numbers to four
significant digits.

(a) 7.36489

(b) 8.465438

(c) 1567589

(d) 1.562576

Solution : (a) Here the fourth digit is 4 and next one is
8 whick is greater than 5. So, 7.36489 becomes 7.365.

(b) Here, the fourth digit is 5 and next one is 4 which is

less than 5. So, 8.465438 becomes 8.465.
(c) 1567589 =1.567589 x 10°
Here, the fourth digit is 7 and next one is 5. But digit
7 is odd. So, 1.567589 x 10° becomes 1.568 x 10°,
(d) Here the fourth digit is 2 and next one is 5.
But digit 2 is even.
So, 1.562576 becomes 1.562.

Addition and subtraction rule: Before addition and
subtraction, all measured values are rounded off to smallest
number of decimal places.

Example: Evaluate 1.368+ 2.3 + 0.0653.

Solution : Here least number of significant figures after
decimal is one.

1.368=1.4

23=23

0.0653=0.1
14+23+01=3.38 Ans.

Example: Evaluate 5.835-2.3.
Solution: 5.835-2.3
After application of subtraction rule,

58-23=35

Multiplication and division rule: In the case of
multiplication and division, answer should be in the form of
least number of significant figures.

15. Error in measruement: There are many causes of
errors in measurement. Errors may be due to instrumental
defects, ignoring certain facts, carelessness of experimenter,
random change in temperature, pressure, humidity etc. When
an experimenter tries to reach accurate value of measurement
by doing large number of experiments, the mean of a large
number of the results of repeated experiments is close to the
true value.

Let y1, Y5, ..., y, are results of an experiment repeated n
times.

Then the true value of measurement is

Nttty
Ymean = n

The order of error is £ o.

o= Vl (x,--?c)2

where,
n,-3

1=

The value of quantity is Ymean £ O.



Units and Measurements

Example : The gravitational acceleration at the surface
of earth is measured by simple pendulum method by an
experimenter in repeated experiments. The results of
repeated experiments are given below :

(c) Percentage error = x 100

ymean

Example: The average speed of a train is measured by

5 students. The results of measurements are given below :

Gravitational
Numbergof ) 2 Number of Students ° Speed (m/s)
Observations acceleration (m/s®)
1 10.2 m/s _

1 9.90 2 10.4 m/s

2 9.79 3 9.8 m/s

3 9.82 4 10.6 m/s

4 9.85 5 10.8 m/s

5 9.86

6 9.78 Calculate :

7 9.76 (@) mean value

8 9.92 (b) absolute error in each result

9 9.94 (c) mean absolute error

10 9.45 (d) relative error
(

The standard value of gravitational acceleration is
9.8 m/s* but as shown in 10 experiments the value differ from
standard value. This shows that errors in the measurements are
done by air resistance, instrumental defects or any other
circumstances.

16. Calculation of Magnitude of Error:

(a) Absolute error: It is defined as difference of the

true value and the measured value of a quantity.

Yitlnp+...+y,

}/mean - 7

The absolute error in first observation is
AY1=Ym— W1

The absolute error in second observation is

e) percentage error
(f) express the result in terms of percentage error.
Solution :

10.2+10.4+9.8+10.6+10.8
(@) Umean — 3
= L =10.4m/s

o

(b) AY1=Ymean=10.4-10.2=0.2
AY2 = Ymean — Y2 =104 -10.4=0.0
AY3=Ymean—Y3=10.4-9.8=0.6
AY4=Ymean — ¥4 =104-10.6=-0.2
AYs =Ymean — ¥5=104-10.8 =-0.4

— 1Ay | + 1Ay | + 1Ay5] + 1Ayl + | Ays|

Ay =Yy ~
.]/2 3./111 }/? () Ay= z
The absolute error in nth observation is et 00 056 sl Gl e 1—__‘4 =(28
Ay =Yy — . i
i =Ym = Yn . Ay 028
The mean absolute error is (d) Relative error =+ =*T0a
ymean S|
— 1Ayl + TAy | + ..+ 1Ay, | =
Ay = 0.28
e - (e) Percentage error =% x 100 =% %100
(b) Relati fractional gV Ymean 104
elative error or fractional error =+ —
Ymean (f) Result =ypeant... %
Objective Questions
Level-1
1. Which of the following quantities is not dimensionless ? 4. Which of the following is dimensionally correct ?
(@) Reynold’s number  (b) Strain (a) Specific heat = joule per kilogram kelvin
(c) Angle (d) Radius of gyration (b) Specific heat = newton per kilogram kelvin

2. Which of the following pairs have same dimensions ?
(a) Torque and work
(b) Angular momentum and work
(c) Energy and Young’s modulus 5.
(d) Light year and wavelength .
3. Which of the following physical quantities has neither
dimensions nor unit ?
(a) Angle (b) Luminous intensity
(c¢) Coefficient of friction (d) Current

(c) Specific heat = joule per kelvin

(d) None of the above

If v =é+ B2 + C® where v is velocity, ¢ is time and A, B
and C are constant then the dimensional formula of B is :
@ MOLTY (b) IML°T")

© ML) d) M°LT 9
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10.

11.

12

13.

14.

15.

16.

17.

18.

Which of the following is not correct for dimensionless
quantity ?

(a) It does not exist (b) It always has a unit

. The amount of water in slug containing by a cylindrical

vessel of length 10 cm and cross-sectional radius 5 cm is
(The density of water is 1000 kg/m”) :

(c) It never has a unit  (d) It may have a unit 19.

Taking density (p), velocity (v) and area (a) to be

fundamental unit then the dimensions of force are:

(a) [avp] (b) [a*vp]

(© [avp?] (d) [a%p] 20.

The dimensions of radian per second are:

(@) IM°LT7] (b) MLOT]

© MLOTY (d) none of these -
. The dimensional representation of gravitational potential

is identical to that of:

(a) internal energy (b) angular momentum

(c) latent heat (d) electric potential

The volume of cube is equal to surface area of the cube.

The volume of cube is: 22.

(a) 216 unit (b) 512 unit

{(c) 64 unit (d) none of these

The dimensional formula of compressibility is : 23.

(@) ML'T (b) MILT?]

(c) [MLT 4] (d) none of these

Velocity gradient has same dimensional formula as:

(a) angular frequency  (b) angular momentum

(c) velocity (d) none of these 24.

An atmosphere:

{a) is a unit of pressure

(b) is a unit of force

(c) gives an idea of the composition of air 25.

(d) is the height above which there is no atmosphere

The dimensional formula of Reynold’s number is :

(a) [MLT] (b) M°LOT)

(©) MO TY) (d) none of these

The dimensions of time constant are :

@) M°L°TY ®) M°L0T] 26.

(c) [MLT] (d) none of these

The dimensions of self-inductance are :

(a) [MLT2A7?] (b) ML2T 1A

(©) [ML2T2A7% (d) [ML®2T2A?

State which of the following is correct ?

(@) joule = coulomb x volt &

(b) joule = coulomb/volt

(c) joule = volt + coulomb

(d) joule = volt/coulomb

The dimensional formula of electrical conductivity is :

Level-2

Units and Measurements
@) [ML3T3A? (by ML T3A?]
© [M2L3T3A? (d) ML3T3A7?
Which of the following pair has same dimensions ?
(@) Current density and charge density
(b) Angular momentum and momentum
(c) Spring constant and surface energy
(d) Force and torque
The dimensional formula of the Hall coefficient is :
@ M°L°A2T (b) [M°L3 AJ]
) M°LYAT] @ M°L2A7IT)

—~t/CR

The equation of alternating current I=1Ije , where ¢

is time, C is capacitance and R is resistance of coil, then
the dimensions of CR is :

(a) [MLT™]
© M°LOT]
The dimensional formula of radius of gyration is:
@ M°LOTO] by M°LOT)

(c) [MOLTO] (d) none of these
Universal time is based on:

(b) M°LT]

(d) none of these

(a) rotation of earth on its axis

(b) oscillation of quartz crystal

(c) vibration of caesium atom

(d) earth’s orbital motion around the sun

In the equation y=asin(wt+kx), the dimensional
formula of ® is:

@ MOLOTT (b) M°LTT]

© ML°T (d ML TY

Farad is not equivalent to:

@ & (®) gV
2
il 1

(g = coulomb, V=volt, | =joule)

If P represents radiation pressure, C represents speed of
light and QQ represents radiation energy striking a unit
area per second then non zero integers a,b and ¢ such
that P°QPC¢ is dimensionless, are :

(@) a=1,b=1,c=-1 (b) a=1,b=-1,c=1

() a=-1,b=1,¢c=1 (d) a=1,b=1,c=1

Taking frequency f, velocity v and density p to be the
fundamental quantities then the dimensional formula for
momentum will be:

(a) pv4f'3 ;
(©) puf?

(b) pvf
( d) p2v2 2

@) 157x107 slug
(c) 10.7 slug

(b) 53.76 x 1072 slug
(d) 14.6 slug



Units and Measurements

2.

10.

11.

12,

The capacity of a vessel is 5700 m". The vessel is filled
with water. Suppose that it takes 12 hours to drain the
vessel. What is the mass flow rate of water from the
vessel ? [The density of water is 1 g/cm3]

(a) 132 kg/s {b) 100 kg/s

(c) 32 kg/s (d) 152 kg/s

The height of the building is 50 ft. The same in millimetre
is:

(a) 560 mm (b) 285 mm

(c) 1786.8 mm (d) 15240 mm

The name of the nearest star is proxima centauri. The

016

distance of this star from Earth is 4 x 10" m. The distance

of this star from Earth in mile is:

(@) 3.5%10" mile (b) 2.5x 10" mile

(c) 5.3 % 10" mile (d) 1.5x 10" mile

The radius of hydrogen atom in ground state is
5x 107! m. The radius of hydrogen atom in fermi metre
is( 1fm=10""m):

(a) 5x10*fm (b) 2x10* fm

(¢) 5x10“fm (d) 5x10° fm

One nautical mile is 6080 ft. The same in kilometre is :
(@) 0.9 km (b) 0.8 km

(c) 1.85 km (d) none of these

The area of a room is 10 m% The same in ft* is:

(a) 107.6 feet® (b) 77 feet®

() 77.6 feet® (d) none of these

The density of iron is 7.87 g/cm’. If the atoms are
spherical and closely packed. The mass of iron atom is
9.27 x 1072° kg. What is the volume of an iron atom ?

(@) 1.18x 107 m? (b) 2.63x 107 m®

© 173x102%m? (d) 053x107% m?

In the previous question, what is the distance between
the centres of adjacent atoms ?

(a) 2.82x 107 m (b) 0.282x 10 m

(¢) 0.63x107 m (d) 633%x10° m

The world’s largest cut diamond is the first star of Africa
(mounted in the British Royal Sculpture and kept in the

tower of London). Its volume is 1.84 cubic inch. What is
its volume in cubic metre ?

(a) 302x107°m? (b) 33.28 m>

() 4.8m° (d) None of these

Crane is British unit of volume. (one crane = 170. 474 litre ).
Convert crane into SI unit :

(a) 0.170474 m® (b) 17.0474 m3

(c) 0.0017474 m> (d) 1704.74 m>

Generally, sugar cubes are added to coffee. A typical
sugar cube has an edge of length of 1 cm. Minimum edge
length of a cubical box containing one mole of the sugar
cubes is:

(a) 840 km
(c) 780 km

(b) 970 km
(d) 750 km

13.

*14.

15.

16.

17.

18.

19.

20.

21.

22,

(c) 24 hour

1

The concorde is the fastest airlines used for commercial
service. It can cruise at 1450 mile per hour (about two
times the speed of sound or in other words, mach 2).
What is it in m/s?

(@) 6444 m/s (b) 80 m/s

(c) 40 m/s (d) None of these

When pheiridippides run from Marathon to Athans in
490 B.C. to bring word of the Greek victory over the
persians on the basis of approximate measurement, he
ran at a speed of 23 ride per hour. The ride is an ancient
Greek unit for distance, as are the stadium and the
pletheron. One ride was defined to be 4 stadium, one
stadium was defined to be 6 pletheran and in terms of
SI unit, one pletheron is 30.8 m. How fast did
pheiridippides run in m/s?

{(a) 5.25 m/s (approx) (b) 47 m/s (approx)

{c) 11.2 m/s (approx) (d) 51.75 m/s (approx)

One light year is defined as the distance travelled by
light in one year. The speed of light is 3 x 10® m/s. The
same in metre is:

(a) 3x 102 m
(c) 3x 10 m
The acceleration of a car is 11 mile per hour second. The

(b) 9.461x10"° m

(d) none of these

same in ft/s* is :
() 1.467 ft/s?
(©) 40 ft/s?

One slug is equivalent to 14.6 kg. A force of 10 pound is
applied on a body of one kg. The acceleration of the body
is:

(a) 445 m/s*
(c) 444 ft/s*

The speed of light in vacuum is 3 x 10* m/s. How many
nano second does it take to travel one metre in a
vacuum ?

(a) 8ns

(c) 3.34ns
The time taken by an electron to go from ground state to

(b) 14.67 ft/s?

(d) none of these

(b) 4.448 m/s?

(d) none of these

(b) ? ns

(d) none of these

excited state is one shake (one shake =107 s). This time
in nanosecond will be:

(a) 10 ns (b) 4 ns

(c) 2 ns (d) 25 ns

The time between human heart beat is 8 x 10~ second.
How many heart beats are measured in one minute ?
(@) 75 {b) 60 (c) 82 (d) 64

The age of the universe is 5x 10" second. The age of
universe in year is:

(a) 158x10" (b) 158 x 10”

(c) 158x10° (d) 158 x 10"

Assuming the length of the day uniformly increases by
0.001 second per century. The net effect on the measure
of time over 20 centuries is :

(a) 3.2 hour (b) 2.1 hour

(d) 5 hour
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23,

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

The number of molecules of HyO in 90 g of water is:

(a) 35.6x 108 (b) 41.22x 105
(c) 27.2x 102 (d) 30.11 x 102

The mass of earth is 5.98 x 10% kg. The average atomic
weight of atoms that make up Earth is 40 u. How many
atoms are there in Earth ?

(a) 9%10°! (b) 9x10%

(c) 9x10% (d) 9x10%

One amu is equivalent to 931 MeV energy. The rest mass
of electron is 9.1x 1073 kg. The mass equivalent energy
is (Here 1 amu =1.67 x 1077 kg)

(a) 0.5073 MeV (b) 0.693 MeV
(c) 4.0093 MeV (d) none of these

One atomic mass unit in amu =1.66x 107 kg. The
atomic weight of oxygen is 16. The mass of one atom of
oxygen is :

(@) 26.56x107% kg (b) 10.53% 10°% kg

(c) 74x10% kg (d) 2.73x107 kg

One horse power is equal to:

(a) 746 watt (b) 756 watt

(c) 736 watt (d) 766 watt

If E =mc?
where. m = mass of the body

¢ = speed of light
Guess the name of physical quantity E :
(a) Energy (b) Power
(¢) Momentum (d) None of these
One calorie of heat is equivalent to 4.2 ]J. One BTU
(British thermal unit) is equivalent to 1055 J. The value
of one BTU in calorie is:
(a) 251.2 cal
(c) 263 cal
The value of universal gas constant is R = 8.3 J/kcal/mol.
The value of R in atmosphere litre per kelvin/mol is :
(a) 8.12atm litre/K mol (b) 0.00812 atm litre/K mol
(c) 81.2atm litre/Kmol (d) 0.0812 atm litre/K mol
Refer the data from above question. The value of R in
calorie per °C mol is:
(@) 2cal/mol°C
(c) 6 cal/mol °C

(b) 200 cal
(d) none of these

(b) 4 cal/mol °C
(d) 8.21 cal/mol °C

Electron volt is the unit of energy (1 eV =1.6x10"]). In
H-atom, the binding energy of electron in first orbit is
13.6 eV. The same in joule (J) is:

(a) 10x107Y] (b) 21.76 x1077]
(c) 13.6x 10—19] (d) none of these

1 mm of Hg pressure is equivalent to one torr and one

torr is equivalent to 133.3 N/m? The atmospheric
pressure in mm of Hg pressure is:

(@) 700omm (b) 760 mm

(c) 3.76 mm (d) none of these

34.

35.

36,

* 37.

38.

39.

* 40.

41.

* 42,

Units and Measurements

One bar is equivalent to 10° N/m?. The atmosphere
pressure is 1.013 x 10° N/m". The same in bar is:

(a) 1.88 bar (b) 1.013 bar

(c) 2.013 bar (d) none of these

1 revolution is equivalent to 360°. The value of 1
revolution per minute is:
(@) 2nrad/s

(c) 3.14radss

If v = velocity of a body

(b) 0.1047 rad/s
(d) none of these

¢ = speed of light
Then the dimensions of % is :

(@) IMLOT]
() [ML*T]
The expression for centripetal force depends upon mass

of body, speed of the body and the radius of circular
path. Find the expression for centripetal force:

(b) [MLT™

(d) none of these

mvl 11’11)‘:"I
(a) F- ? (b) F= =
2 2 2
mo m-v
(C) F= IT (d) F .= o

The maximum static friction on a body is F=pN.
Here, N = normal reaction force on the body

y = coefficient of static friction
The dimensions of p is:
(@) [MLT?]
(c) dimensionless

(b) IMLOTO 67
(d) none of these
What are dimensions of Young’s modulus of elasticity ?
(@) IMLT7 (b) [MLT?]
(c) [MLTY (d) None of these
If F=6mn*"S,
where, F = viscous force

N = coefficient of viscosity

r = radius of spherical body

v = terminal velocity of the body
Find the valuesof g,b and c:
(@) a=1,b=2,c=1 (b) a=1,b=1,c=1
() a=2,b=1,c=1 (d) a=2,b=1,c=2

The surface tension is T=§l then the dimensions of

surface tension is:
(2) IMLT™]

(©) MLOTY)

A gas bubble from an explosion under water oscillates
with a time period T, depends upon static pressure P,
density of water ‘p’ and the total energy of explosion E.
Find the expression for the time period T (where, k is a
dimensionless constant.) :
(a) T=kp™5/6 5172173

() T=kP™/6 pl2g12

(b) [MT7

(d) none of these

(d) T= kP—4/7 p1/3E1/2
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43,

44.

45,

46.

47.

48.

49,

50.

51.

The dimensions of heat capacity is:

(@) [L’°T267 (b) [ML*T%67])

(c) [M~1L2T_2 671 (d) none of these

IfAH=mL,

where ‘m’ is mass of body

A H = total thermal energy supplied to the body
L = latent heat of fusion

The dimensions of latent heat of fusion is:
(a) [ML?T7 (b) [L2T7
© MLOT? (@ MILOT™Y
Solar constant is defined as energy received by earth per
cm? per minute. The dimensions of solar constant is:
(a) ML?T™] (b) MPLOT]
(c) MT™} (d) ML'T™]
The unit of electric permittivity is C%/Nm? The
dimensions of electric permittivity is :
@ M'L?T!A?) (b) ML TA]
© ML7TA? (d) MPLT4A?%)
A physical relation is € = gy,
where, £ = electric permittivity of a medium

gy = electric permittivity of vacuum

€, = relative permittivity of medium
What are dimensions of relative permittivity ?
@) M'L?T2 (b) [MPL2T 3
© ML2T9 d) MLOTY
The dimensions of 1/2 ¢éE* are same as :
(@) energy density (energy per unit volume)
(b) energy
(c) power
(d) ‘none of the above

The electric flux is given by scalar product of electric
field strength and area. What are dimensions of electric
flux ?

(@) ML*T2A7] (b) IML>T2A™H
© ML:T3A™Y (d) [M2LT A"
Electric displacement is given by D =¢E
Here, €= electric permittivity
E = electric field strength

The dimensions of electric displacement is :
(a) [ML™2TA] (b) [L2T1A]
(©) [L2TA] (d) none of these
The energy stored in an electric device known as
capacitor is given by U= q2/2C-
where, U = energy stored in capacitor

C = capacity of capacitor

g = charge on capacitor
The dimensions of capacity of the capacitor is :
(@) MIL2T%*A% (b) [M'L2T*A]
(©) [M2L2TA?) (d) ML2T4AY)

52.

53.

54.

55.

56.

57.

58.

59.

13

The workdone by a battery is W=¢Ag, where Aq=
charge transferred by battery, e = emf of the battery. What
are dimensions of emf of battery?

(a) MLOT2A7? (b) [ML*T3A72
(© [M?T7%AY (d) ML2T3A™Y
The expression for drift speed is vz=]/ne

Here, | = current density,
1= number of electrons per unit volume,

e=1.6 x 107 unit
The unit and dimensions of ¢ are :
(a) coulomkb and [AT]

(b) amrere per second and [AT_I]
(c) rw sufricient informations
(d) none of the above

The unit of current element is ampere metre. The
dimensions of current element is :

(a) [MLA] (b) [ML?TA]
(c) [M'LT?] (d) [LA]
The magnetic force on a point moving charge is
F=g(vx B)
Here, q= electric charge

V= velocity of the point charge

TS) = magnetic field

—

The dimensions of B is:
(a) [MLT‘A] (b) [MLT2A™Y
) MT2A™Y (d) none of these
What are dimensions of E/B ?
(@) [LT7] (b) [LT7]
(€ M'L'T™] (d) ML*T™]
What are the dimensions of [g€g?
Here, l1p = magnetic permeability in vacuum

€y = electric permittivity in vacuum
(a) ML?T7 (®) [L7T77]
(c) [L‘2T2]' (d) none of these
In the formula, a=3bc ‘@’ and ‘c’ have dimensions of

electric capacitance and magnetic induction respectively.
What are dimensions of ‘b" in MKS system :

(a) MPL2TQY (b) MT*Q7
(© IMPTQ] (@) IMPLAT*Q™
If X=¢yL %
Here, g) = electric permittivity of free space
L = length
AV = potential difference
At = time interval
What are the dimensions of X? Guess the physical
quantity :
(a) Electric.current, [A°MLOT)
(b) Electric potential, [AM’L'T"]
(c) Electric current, [AMLYT"]
(d) None of the above
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60.

*61.

62.

63.

64.

* 65.

66.

67.

The dimensions of % is:

Here, R = electric resistance
L = self inductance

@) [T7] (b) [T7]
(© ML (d) [T]
The magnetic energy stored in an inductor is given by

E =% I°P. Find the value of ‘4’ and ‘b’ :

Here, L = self inductance,
I = electric current

(@) a=3,b=0

(¢c) a=0,b=2

In L-R circuit, I=1I,[1-¢*]

Here, I = electric current in the circuit. Then

(a) the dimensions of Iy and A are same.

(b) the dimensions of t and A are same.

(c) the dimensions of I and Ij are not same.

(d) all of the above

2
A physical quantity u is given by the relation u :%
0

Here, B= 'magnetic field strength
Ko = magnetic permeability of vacuum
The name of physical quantity u is

(a) energy
(c) pressure

(b) energy density

(d) none of these

The energy of a photon depends upon Planck’s constant
and frequency of light. The expression for photon energy
is:

(@ E=hv f

(b) E=

(0) Ex=y (d) E=hv?

If energy of photon is E e< K
Here, h = Planck’s constant
¢ = speed of light
A = wavelength of photon
Then the value of g, b and d are
(@ 1,1,1 ) 1,-1,1
() 1,1,-1 (d) none of these
The radius of nucleus is r=r, Al"s, where A is mass
number. The dimensions of 7 is
(a) [MLT™] (b) M’LOT]
(c) [MOLTO] (d) none of these

The power of lens is P=%,
the lens. The dimensions of power of lens is:
(a) [LT77]

() ML TY

© MLOTY

(d) none of these

where ‘f’ is focal length of

68.

69.

70.

71.

72.

* 73.

74.

75.

76.

77.

78.

Ifx=

Units and Measurements

The dimensions of frequency is:

(@) [T (b) [MLOT]

© [MOLOT'z] (d) none of these
The dimensions of wavelength is :

(@ MLOTY (b) [MLTY]

(c) [MOL'lTO] (d) none of these

The optical path difference is defined as Ax=—2f'-. What

are dimensions of optical path difference ?
() MLTTY (b) [MLT"]
(©) MLOT] (d) ML72T]
The unit of intensity of a wave is W/m*? What are
dimensions of intensity of wave ?
(@) MT™] (b) [AMLT]
© MLIT? (d) None of these
C
If A=B+ D+
[L T and [MOL TO], respectively. Find the dimensions
of A,D and E:
(a) A=[ML°T™"}, D=[T], E=[LT]
(b) A=[MLT®], D=[T?], E=[T?]
(©) A=[LT™!], D=[MT], E=[MT]
(d) A=[LT™), D=[T}, E=[TI
_asinB+bcos@
+b
(a) the dimensions of x and a are same
(b) the dimensions of 2 and b are not same

(¢) x is dimensionless
(d) none of the above

fﬁ=a" sin”! [i L 1] on the basis of dimensional
analysis, the value of n is :

(@) O (b) -2

() 3 (d) none of these

Find the value of following on the basis of significant
figure rule :

EJ the dimensions of ‘B’ and ‘C’ are

, then

The height of a man is 5.87532 ft. But measurement is
correct upto three significant figures. The correct height
is: :

(a) 5.86 ft (b) 5.87 ft
(c) 5.88 ft (d) 5.80 ft
4.32x2.0is equal to:

(a) 8.64 (b) 8.6

(c) 8.60 (d) 8.640
4.338 +4.835x 3.88 = 3.0 is equal to:
(a) 10.6 (b) 10.59
(c) 10.5912 (d) 10.591267
1.0%2.88 is equal to:

(a) 2.88

(b) 2.880

(¢) 29

(d) none of these



Units and Measurements

79. 1.00x 2.88 is equal to:
(a) 2.88

(©

29

(b) 2.880
(d) none of these

80. The velocity of the body within the error limits, if a body
travels uniformly a distance of (13.8+0.2) m in a time
(4.0£0.3), is:
(a) (3.45+0.2) m/s
{c) 3.45+0.3)m/s

(b) (3.45+0.4) m/s
(d) (3.45£05)m/s

82,

The relation gives the value of ‘x’
3b3

a
eNd

xX=

15

The percentage error in ‘x’, if the percentage error in
a,b,c,d are 2%, 1%, 3% and 4% respectively, is :
(b) £10%

@) £8%

(©) +12%

d) +14%

y . 83. While measuring the diameter of a wire by screw gauge,
81. The fractional error Ax | if x=a" is three readings were taken are 1.002 cm, 1.004 cm and
Xe) 1.006 cm. The absolute error in the third reading is:
Aal Aa’ (@) 0.002 cm
—_— + .
(@) i[ a ®) ‘”[ a J (b) 0.004 cm
A A (c) zero
(©) tn IOgc-;a‘ (d) £n IOg—f (d) 1.002 cm
Answers
Level-1
1. (d) 2. (a) 3. (0 4. (a) 5. (d) 6. (b) 7. (a) 8. (o) 9. () 10. (a)
11. ®) 12 (@ 13. (a).. 14 () 15 () 16. () 17. (@ 18. (@) 19. () 20. (d)
21. (o) 22. () 23. (a) 24. (a) 25. (b) 26. (b) 27. (a)
.  Level-2
1. (b) 2. (a) 3. (d) 4. (b) 5. (a) 6. (o) 7. (a) 8. (a) 9. (b) 10. (a)
11. (@ 12. (@) 13. (@ 14. (®) 15 () 16 (a)  17. (@) 18. (b) 19. (a) 20. (a)
21. (©) 22. (b) 23. (d) 24 (b) 25 (a) 26. (a) 27. (@ 28. (@) 29. (a) 30. (d)
31. (a) 32. (b) 33. (b) 34. (b) 35. (b) 36. (a) 37. (b) 38. (o) 39. (a) 40. (b)
41. (b) 42. (a) 43. (b) 44, (b) 45. (c) 46. (a) 47, (o) 48. (a) 49. (o) 50. (c)
51. (a) 52. (d) 53. (a) 54.  (d) 55. () 56. (a) 57. (©) 58. (a) 59. (o) 60. (b)
61. (d) 62. (b) 63. (b) 64. (a) 65. (o) 66. (c) 7 67. (b) 68. (a) 69. (b) 70. (a)
71. (a) 72. (d) 73. (0) 74. (a) 75. (c) 76. (b) 77. (a) 78. () 79. (a) 80. (o)
81. (b) 82. (d) 83. (a)
Solutions
Level-1
Applied fi . ~ o
3. Coefficientoffriction:w 19. Sprmgconstant=—=[ML0T 2]
Normal reaction !
MLT -2] : Energy
:[—=No dimensions Surface energy = Atea
[MLT 2] &
g =ML T
Umt=N=No Sy 21. CRis known as time constant
5. v =Bt CR=[MTL2 T ML T17 7]
ke [LT]_ 19y =[M°LOT]
t [T7] 5 - Charge ¢
10. Let us take side of cube=a 25 " Potential = V
3 2 !
then a”=6a Also potential = Work =
- Charge q
=6
=2

11. Compressibility = m

1

=[M71LT?Y

C=?7- as well as C=

<

Thus (a), (c), (d) are equivalent to farad but (b) is not
equivalent to farad.



Vector Operations

Syllabus: Scalars and vectors, vector addition, multiplication of a vector by a real number, zero vector and its properties, resolution of

vectors, scalar and vector products.

Review of Concepts

1. Physical Quantity: Physical quantity is that which
can be measured by available apparatus.
Observation + Measurement = Physics
Tuysical Quantity

(a) Scalar quantity (b) Vector yuantity (c) Tensor quantity

(@) Scalar Quantity: The quantity which does not
change due to variation of direction is known as scalar
quantity. e.g., mass, distance, time, electric current, potential,
pressure etc.

Some Important Points:

(i) It obeys simple laws of algebra.

(ii) The scalar quantity, which is found by modulus of
a vector quantity is always positive. e.g., distance,
speed etc.

(iii) The scalar quantity which is found by dot product
of two vectors may be negative. e.g., work, power
etc.

(iv) The tensor rank of scalar quantity is zero.

(b) Vector Quantity: The quantity which changes due

to variation of direction is known as vector quantity. e.g.,
displacement, velocity, electric field etc.

Some Important Points:

(i) Vector does not obey the laws of simple algebra.
(ii) Vector obeys the laws of vector algebra.

(iii) Vector does not obey division law. eg., 5 is
b
meaningless.

(iv) The tensor rank of vector quantity is one.

(v) Division of a vector by a positive scalar quantity
gives a new vector whose direction is same as
initial vector but magnitude changes.

B2
cg., =
Here n is a positive scalar.
In this case, the directions of a"and b are same to

each other.
(vi) A scalar quantity never
be divided by a vector
quantity. “’"»\/ b

VA LR

(vii) The angle between two e
vectors is measured -
a

tail to tail. e.g., in the fig, the angle between a and
b is 60° not 120°.

(viii) The angle between two vectors is always lesser or

equal to 180°. (i.e., 0<0<180°)

(ix) A vector never be equal to scalar quantity.

(x) The magnitude or modulus of a vector quantity is

always a scalar quantity.

(xi) Two vectors are compared with respect to

magnitude.

(xii) The minimum value of a vector quantity is always

greater than or equal to zero.

(xiii) The magnitude of unit vector is one.

(xiv) The direction of zero vector is in indeterminate

form.

(xv) The gradient of a scalar quantity is always a vector

quantity. °

2 _F) Ua_ ou % _oU o

o ax Bw dz
—

Here, F = conservative force

and U = potential energy

(xvi) If a vector is displaced parallel to itself, it does not

change.

(c) Tensor Quantity : The physical quantity which is not
completely specified by magnitude and direction is known
as tensor quantity. ,g., moment of inertia, stress etc.

2. Types of Vector:

(@) Zero or empty or null vector: The vector whose
magnitude is zero and direction is indeterminate is known
as zero vector (—6)).

Properties of zero vector :

() P+ 0=2

(i) 2+ b+ 0=3+1D

(i) T-2-0

(iv) The cross-product of two parallel vectors is always

a,zero vector.

(v) n0= 0, where n is any number.

(b) Unit vector: A
vector of unit magnitude i is I
known as unit vector. If n
1s a unit vector, then

=1 b %

The unit vectors along
X-axis, Y-axis and Z-axis
are denoted by £ /j\ and k. 7

Y

x>

. o G

— e




Vector Operations

Some important points ;
) 1% ?i % _
@ 11l =171=1%l=1

(iii) The unit vector along a vector a'is n= T
(o) Parallel vectors
Like parallel Unlike parallel
vector vector
ES g
e —
B d
—_— -

Some important points :

(i) If vectors are parallel, then their unit vectors are
same to each other. Suppose 2and b are parallel
vectors, then

2 b
:'-'__)_
121 |bl

(ii) The angle between like parallel vectors is zero.

(iii) The angle between unlike parallel vectors is 180°.

(iv) The magnitude of parallel vectors may or may not

be same.

(v) If the magnitude of like jparallel vectors are same,

then the vectors are known as equal vectors.
Suppose @’ and b are equal vectors, then
13 = 1Bl

(d) Polar vectors: The vectors related to translatory
motion of a body are known as polar vectors. eg., linear
velocity, linear momentum etc.

(e) Axial or pseudo vectors: The vectors which are
rotatory. to rotatory motion of a body are known as axial
vectors. e.g., torque, angular velocity etc.

3._Multiplication of a vector by a number: Let a
vector b which is result of multiplication of a number k and
‘abe

B=k?

: = =4

i.e., the magnitude of b is k times that of a.

If k is positive, then the direction of b is same as that of
@ If k is a negative, then the direction of b is opposite as
that of 2.

4. Addition law of vectors:

(a) According to addition law of vector:

21

_) —A
(b) Magnitude of R: Let o =angle between @ and b,
then,

-—}
| Rl =Va? + b2 + 2ab cos o

Ly
(¢) Direction of R:

=}
Let resultant R makes an angle 6
with 2

bsin a
a+bcosa

—

(d) | Rlpa=a+b
—

(&) | Rl ya=a-b

() a+b>R>a-b

(g) Vector addition obeys commutative law. ie.,
S =
a+b=b+7

Then, tan 0 :=

(h) Vector addition obeys associative law. i.e.,
b+ ) =(R+ )+

5. Subtraction of vectors: Let two vectors 2 and

ol

make an angle o with each other. We define

R=2-b

2 - -
Then, R is resultant of @ and (- b).
The angle between a'and (- b ) is T — .
According to parallelogram law of vectors, the
-

magnitude of R

_}
= RI =\/a2+b2+2abcos(7c—a)
=a? + b* - 2ab cos o

bsin(t—o)  bsina
a+bcos(m—0) a-bcosa
Y

and tan o=

6. Components of a vector:

Here, x-component=acos @

and v-component=a s}i\n ]

; — A £ fry

and a=acos01+asin0j
y-component ¢

tan="——"—— X
x-component

7. Vector in three dimension: If P=x1+y}+zk

@ 1T =Nx?+y?+2?

(b) Let Pmakes o, B and ¥ angles with x-axis, y-axis and
z-axis respectively, then

m

Also,
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Objective Questions

X . !
coso= =t cosp= =iy
X+y +z X4y +z

and - cos Y= W
(c) cos® o+ cos? B +cos®y=1

8. Scalar product or dot product:
(a) 7. Bb=17 I Bl cos®

(b) Dot product of two vectors may
be negative.

() T b=b-7 b

and b=h1+ by'j\ + bz?(
2. b= axby +ayby +azb,

(i) The angle between vectors Fand T; is

8=cos ! e :
121 I bl
(j) The component of ?parallel to b in vector form is
2 (2 b) b
| b1

(k) The component of a perpendicular to b in vector

Vector Operations
form is

112

di- [ﬂ]?

9. Vector product or Cross product of two vectors:
- = )
@) @x b= 17l | bl sin®n, where n is

g\it vector perpendicular to 2 and

b. 0
b) Axb# bx7 =
© BxT=0
) tx%=0,}x}=0%nd kx k=0
G ix5=% =
i
(ii) ?x k=1
(i) kx1=5 I
(iv) ix f(:—? X Negative
il
v) f x ]=—€ i
(vi) ?x 1=— Positive
(e) The unit_)vecto:r normal to a and B s
~An (X b)
| 2 '§| .
O If =2, T +a,+a, k and D=b. T+, 5+, k
C S
L
then % -l—))= 8y Ay 4
be b, b,

Level-1
5.

= -
Two vectors A and B are aciting as shown in figure. If
— =

Al =1Bl =10N then the

resultant is :

(a) 102 N 10N

(b) 10N

(c) 53 N 80°

(d) none of the above 10N

A force F= (61 - 8’]'\+ 10 'i() N produces an acceleration of

1m/s* in a body. The mass of body would be::

{(a) 200 kg (b) 20 kg

(c) 10V2 kg (d) 6V2 kg

What is the angle between i+ /p'\+ % and /j\?
(a) O (b) 45°

(c) 60° _,ﬁd) None of these

For two vectors A and B, which of following relations
are not commutative ?

- =
@@ P+Q
- =

(©)-P.Q

-y —=
(b) PxQ
(d) None of these

-5 o - =5 b Al -
IfP+Q=R and_)lPI_:_)IQI =v¥3 and [Cl| =3, then the

angle between P and Q is:

(@) 0 (b) n/6
(c) =/3 (d) /2
- = - =
. The angle between AxB and A +B is:
(a) 90° (b) 180°
(c) 60° (d) none of these

. Minimum number of unequal coplanar forces whose

vector sum can be equal to zero is:

(@) two (b) three
(c) four (d) any
- = -9 = — —
. If |A+Bl=1A-BI then, the angle between A and B
is :
(a) 0° (b) 90°
(c) 60° (d) 180°

. Resultant of which of the following may be equal to

zero ?
(@) 10N,10N, 10N
(¢c) 10N,10N,35N

(b) 10N,10N,25N
(d) None of these

e — ..

- A R

s



Vector Operations

10.

11.

12,

13.

14.

15.

16.

17.

18.

The maximum resultant of two vectors is 26 unit and
minimum resultant is 16 unit, then the magnitude of
each vector is:

(@ 21,5 (b) 13,13
(c) 20,6 (d) none of these
- = = - = -

IfPxQ=0and QxR=0, thenthevalueofoRls
(a) zero (b) ACsin® n
(c) ACcos® (d) ABtan 6

- = =

=3 —>
Two vectors P and Q are such that P+Q=R and
= = _ =
IPI‘+ Q1= IRI‘ Which of the following is correct?
(a) P is parallel to Q
(b) P is anti-parallel to Q
() P is perpendicular to Q
- -
(d) P and Q are equal in magnitude
= -
What is the property of two vectors P and Q if
e e
P+Q=P-Q7?
(a) P is null vector
{c) P is proper vector

(b) Q is null vector
(d) Q is proper vector .

- o
Two vectors P and Q have
equal magnitude of 10
unit. They are oriented as
shown in figure. The
resultant of these vector
is :

(a) 10 unit

(b) 10v2 unit

(c) 12 unit

(d) none of the above

— = — e =
If P=Q+R and Q=R +P then the vector R is:

A

- — - —

(@) P+Q (b) Q-P
s

() P-Q (d) null vector

— ” -,
If A=g i+ p11 and B=ay1+ bzlj\, the condition that they
are parallel to each other is:

L4 by
\a) b_l e u_z (b) albl = ﬂzbz
a |
(©) Zl :El (d) none of these
2 o7 )

- —
A vector P makes an angle of 10° and Q makes an angle
of 100° with x-axis. The magnitude of these vectors are
6 m and 8 m. The resultant of these vectors is:

(@) 10 m (b) 14 m

(c) 2m (d) none of these

The algebraic sum of modulus of two vectors acting at a
point is 20 N. The resultant of these vectors is
perpendicular to the smaller vector and has a magnitude
of 10 N. If the smaller vector is of magnitude b, then the
value of b is :
(@) 5N

() 75N

(b) 20 N
(d) none of these

19.

20.

21.

22,

23,

24,

25.

26.

27,

23
The modulus of the vector product of two vectors is

% times their scalar product. The angle between vectors

18 :
@ % ) 5
© 5 @ 3

The resultant of two vectors makes angle 30° and 60°
with them and has magnitude of 40 unit. The magnitude
of the two vectors are :

(a) 20 unit, 20 unit (b) 20 unit, 28 unit

(¢) 20 unit, 20¥3 unit (d) 20 unit, 60 unit

A child takes 8 steps towards east and 6 steps towards
north. If each step is equal to 1 cm, then the magnitude
of displacement is:
(@ 14 m

(c) 10 m

A cyclist is moving on a circular path with constant
speed. What is the change in its velocity after it has
described an angle of 30°?

(a) vV2 (b) v(0.33)

(c) vV3 (d) None of these

Angle between Ax ;and B x A is:

(@ n

.U
) )

(b) 0.1 m
(d) none of these

Ax

© ¢

(d) none of the above

=% \
Given P=Pcos Gi+ P sin Oli\. The vector P which is
perpendicular to Q is given by :
@a) Qcos®i-Qsin®j (b) Qsin®1-Qcos 0]
(€) Qcos®i+Qsin87  (d) Osin8i+Qcosbj

— — —

The resultant R of vectors P and Q is perpendicular to
- — - — =

P also IP| = IR!, the angle between P and Q is:
(a) 45° (b) 135°
(c) 225° (d) none of these
= Bt -
A force F=3i- 2? + 4k displaces an object from a point

P (1,1,1) to another point of co-ordinates (2, 0, 3). The

work done by force is:

(@) 10]

(c) 13]

The arbitrary number ‘-2’ is multiplied with vector A

then :

(a) the magnitude of vector will be doubled and
direction will be same

(b) the magnitude of vector will be doubled and
direction will be opposite

(c) the magnitude of vector
constant

(d) none of the above

(by 12]
(d)} none of these

and its direction remain
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28.

29.

* 7.

A man first moves 3 m due east, then 6 m due north and
finally 7 m due west, then the magnitude of the resultant
displacement is:

@) V16 (b) V24

(c) V40 (d) Vo4

A particle of mass m is
moving with constant velocity
v along x-axis in x-y plane as
shown in figure. Its angular m

v
momentum with respect to
origin at any time ‘t/, if !
B> =) . 0 re’ Eou
position vector r, 1s: B
Level-2

Pressure is :
(a) a scalar quantity
(c) a tensor quantity

(b) a vector quantity

(d) either scalar or vector

If electric current is assumed as vector quantity, then:
{a) charge conservation principle fails

(b) charge conservation principle does not fail

(c) Coulomb’s law fails

(d) none of the above

The direction of area vector is perpendicular to plane. If
the plane is rotated about an axis lying in the plane of
the given plane, then the direction of area vector:

(a) does not change (b) remains the same

(c) may not be changed (d) none of the above

In previous problem if the plane is rotated about an axis
perpendicular to the plane of the given plane, then area
vector:

(a) must be changed (b) may not be changed

(c) must not be changed (d) none of the above

An insect moves on a circular path of radius 7m. The
maximum magnitude of displacement of the insectis :
(a) 7m (b) 14t m

(c) 7nm (d) 14 m

In previous problem, if the insect moves with constant
speed 10 m/s, the minimum time to achieve maximum
magnitude of displacement is:

(@) 10s (b) 2s

() 145 (d) 22

"The IIT lecture theatre is 50 ft wide and has a door at

the corner. A teacher enters at 7.30 AM through the door
and makes 20 rounds along the 50 ft wall back and
fourth during period and finally leaves the class-room at
9 AM through the same door. If he walks with constant
speed of 10 ft/min, find the distance and the magnitude
of displacement travelled by the teacher during the
period :

(a) 2000 ft and O ft (b) 100 ft and O ft

(c) 2000 ft and 50 ft (d) none of these

A man walks from A to C, C to D and D to B (as shown
in figure). The magnitude of displacement of man is

30.

10.

Vector Operations

(b) ﬁmvl?

)
&

(a) 3mv K

©) % o K () mok

The maximum and minimum resultant of two forces are
in ratio 5 : 3, then ratio of the forces is:

(@) 10:6
(b) 3:5
() 4:1

(d) none of the above

10 m. The total distance . D
travelled by the maniis :

(a) 10 m

(b) 2m

(c) 12 m

(d) 7m

Y

4 1m 1m

A B

. Two forces of magnitudes 3N and 4N are acted on a

body. The ratio of magnitude of minimum and maximum
resultant force on the body is:

(a) 3/4 (b) 4/3

() 1/7 (d) none of these

A vector @ makes 30° and b makes 120° angle with the

x-axis. The magnitude of these vectors are 3 unit and 4
unit respectively. The magnitude of resultant vector is:

(a) 3 unit (b) 4 unit
(c) 5 unit (d) 1 unit
11. If two forces of equal magnitude 4 units acting at a point
and the angle between them is 120° then the magnitude
and direction of the sum of the two vectors are:
(a) 4,6=tan"! (1.73) (b) 4,0=tan"! (0.73)
(€) 2,0=tan"! (1.73) (d) 6,6 =tan"! (0.73)
| R+ B SR et
12. If ————=:1, then the angle between ‘a and b is:
['a- bl
(a) 0° (by 45°
(c) 90° (d) 60°
— - =
13. The angle between A and the resultant of (A+ B) and
- =
(A- B)will be:
(@) 0° (b) tan™! %]
-1(B “1(A=B
(c) tan ( A) @ (255 B]
14. Mark correct option : -

(@) 12-Bl =13 - 1B
(b) 12~ bl <12l - 1Ibl
© 12-BI> 13- 1Bl

d) 12-b!>13 - 15l

- - S S
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Vector Operations

15.

16.

17.

18.

19.

20.

21.

22.

How many minimum number of vector of equal
magnitude are required to produce zero resultant ?

(a) 2 (b) 3

(c) 4 (d) More than 4

Three forces are acted on a body. Their magnitudes are
3 N,4 N and 5 N. Then

(a) the acceleration of body must be zero

(b) the acceleration of body may be zero

(c) the acceleration of the body must not be zero

(d) none of the above

In previous problem, the minimum magnitude of resultant
force is :

(@) =0 (b) >0

(c) <0 (d) <0

In the given figure, O is the centre of regular pentagon
ABCDE. Five forces each of -
magnitude F, are acted as

shown in figure. The resultant

force is:

(a) SFy

(b) SFycos 72°

/ !
(c) 5Fysin72°

(d) zero c

ABCD is a parallelogram, and Ef—b},—c’and if’are the

position vectors of vertices A,B,C and D of a
parallelog.,ram The correct option is:

@) c+b d- b) P-w=d-7F

(c) b -c= E)— Fy (d) none of these

A man walks 4 km due west, 500 m due south finally
750 m in south west direction. The distance and
magnitude of displacement travelled by the man are:
(a) 4646.01 m and 5250 m

(b) 5250 m and 4646.01 m

(c) 4550.01 m and 2300 m

(d) none of the above

From Newton’s law of motion, ?zm?, three forces
(shown in figure) are

acted on the body of mass

0.8 kg. The magnitude of
acceleration of the body ag”
is :

(a) 1m/s?

(b) 2 m/s? lJ

(c) 1.6 m/s’ 1N
(d) none of the above

2N
15N
50“/

Calculate the resultant force, when four forces of 30 N
due east, 20N due north, 50N due west and 40 N due
south, are acted upon a body:

(a) 20V2 N, 60°, south-west

(b) 20 V2 N, 45°, south-west

(c) 20 V2'N, 45° north-east
(d) 202 N, 45° south-east

23.

24,

25.

26.

27.

28.

29.

* 30.

* 31.

25

A block of 150 kg is placed on an mclmed plane with an
angle of 60°. The component of the
weight parallel to the inclined plane

is:
(a) 1300 N

(b) 1400 N
(c) 1100 N &°

(d) 1600 N

In the previous problem, the component of weight
perpendicular to the.inclined plane is :

(a) 980 N (b) 1500 N

(c) 1000 N (d) 750 N

=% ?
If three forces F, ::3?--4?+5'l\<

— —

F,=-31+4] and Fy=-5%
are acted on a body, then the direction of resultant force
on the body is:
(a) along x-axis
(c) along z-axis

(b) along y-axis

(d) in indeterminate form

A cat is situated at point A (0, 3, 4) and a rat is situated
at point B (5, 3, — 8). The cat is free to move but the rat
is always at rest. The minimum distance travelled by cat
to catch the rat is:

(@) 5 unit _ (b) 12 unit

(c) 13 unit (d) 17 unit

An insect started flying from one corner of a cubical
room and reaches at diagonally opposite corner. The
magnitude of displacement of the insect is 40 V3 ft. The
volume of cube is:

(a) 64V3 ft
(c) 64000 ft>

In previous problem, if the insect does not fly but crawls,
what is the minimum distance travelled by the insect ?
(a) 89.44 ft (b) 95.44 ft

(c) 40 ft (d) 80 ft

The position vector of a moving particle at time ¢ is

(b) 1600 £t
(d) none of these

T=31+44 ?~ £k Tt displacement during the time
interval t=1sto t=3sis:

@) §-%k ) 31+47- k
© 9t+36}-27% (d) 325-26%
If a rigid body is rotating about an axis passing through
the point 2% - ’j\— % and parallel to i- 2?+ 2% with an
angular velocity 3 radians/sec, then find the velocity of
the point of the rigid body whose position vector is

2+ 3? —4k:

@) -2%+37+4k ®) 21-37+4%

© 21+37-4 Kk d —2%-37-4%

Obtain the magnitude and direction cosines of vector

(‘K—Ta’), if =2%1+3}+ %k B=2%1+2f+3%:

=2 2,1
- KE & ®0E s
() 0,0 (d) none of these

’x/_—s
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32,

33.

34,

35.

36.

* 37.

38.

39.

40.

The vertices of a quadrilateral are A(l,2,-1),
B(-4,2,-2),C#4,1,-5 and D(2,-1,3). Forces of
magnitudes 2 N, 3 N, 2 N are acting at point A along the
lines AB, AC, AD respectively. Their resultant is :

& 101-97+6k . [.- ,-612]
V26 V26

5 1+97+16k b f-197+6k
V26 26

The position vectors of four points A, B, C and D are
w=2t+3%4ak,  B=3t+5}47k

F=1+2]+3% and d=31+6+9%k
— —
respectively. Then vectors AB and CD are:

(a) coplanar (b) collinear
(c) perpendicular (d) none of these

=5 AL s
A force F=ai+b) +ck is acted upon a body of mass

m’. If the body starts from rest and was at the origin
initially. Its new co-ordinates after time ¢ are :

at® b2 o at® 268 cf?
(a) == (b) 5= —5
2m 2m 2m 2m m 2m
at® b cf?
(©) A (d) none of these

The angle between vectors ?=2’i\+'i‘—2£1\< and

B=3%- 4/]'\ is equal to:

(a) cos* %! (b) cos™! klisJ

Aot

(c) zero 5

— =
The angular relationship between the vectors A and B
1S :

- -5

A=3%+25+4% B=28+7-2%
(a) 180° (b) 90° (c) 0° (d) 240°

- - =

The resultant of two vectors P and Q is R. If the vector
— -
Q is reversed, then the resultant becomes S, then choose
the correct option
(@) R?+S*=2(P*-0Q» (b) R®+S*=2(P*+Q?
© R*+S$*=(P*-Q% (d) R*-S*=2(P*+(Q?
The velocity of a particle is V=61+ 2?— 2k The
component of the velocity of a particle parallel to vector
L SN |
a@=1+ )+ k in vector form is:
@) 61+25+2% () 28 +27+2%
© 1+7+ % (d) 61+27-2%
problem, the

In previous component of ¥ in

perpendicular direction of @ in vector form is ?
@ -2%-27-2% ) 47-4%
© 61+2)-2% ) 21+2F+2%

For what value of x, will the two vectors

_A) =21+ 2/]'\— xk and E =21- ?— 3% are perpendicular
to each other?
(@ x=-2/3
(c) x=-4/3

(b) x=3/2
(d) x=2/3

Vector Operations

T B, oA
41. A force F=21+3j+ % acts on a body. The work done
by the force for a displacement of — 2%+ ?—- kis:
(@) 2 unit (b) 4 unit
(¢) — 2 unit (d) —4 unit
— - -
42. The work done by a force F= (1+2j+3K) N, to displace
a body from position A to position B is: [The position
vector of A is 'ti = (_? +3?+ f() m and the position vector

of Bis B=1+25+3% m]

@ 5] (b) 3]
© 2] (d) 10]

43. Magnetic force on a moving positive charge is defined
by T= GV x B

Here, V= velocity of the body

= magnetic field
If velocity of charged particle is directed vertically
upward and magnetic force is directed towards west, the
direction of magnetic field is:
(a) north (b) east
(c) west (d) south

44. If 0= T)), then :
(a) the direction of ‘@ changes, when the angle between
X T; increases up to 8 (6 < 180°)
(b) the direction of @ changes, when the angle between
Zand b decreases up to 6 (68> 0°)
(c) the direction of ‘@ does not change, when the angle
between @and b increases
(d) none of the above
45. The unit vector perpendicular to vectors = 3"1\+? and

_!?:2'1’—']’—5& 1S

- i(’x’-3’j‘_+ ) o) i3’i‘+’j‘
I \111 V11
(c) ig—_]_—sb (d) none of these
V30
46. The value of 1x (1x a1+ §x (fx a1+ kx(kxa is:
@) (b) =x k
(c) =22 (d) -2
47. 1f T+ b+ ¢=0, then @ b is:
(@) Bx? b) ©x b
(¢) @7 (d) none of these

- = =
48. Choose the correct option for Ax B= C:

(i) C is perpendicular to A
(ii) C is perpendicular to B
H

(iii) C is perpendicular to (A + B)

- =
(iv) Cis perpendicular to (A x B)
(a) Only (i) and (ii) are correct
(b) Only (ii) and (iv) are correct

(c) (i), (ii) and (iii) are correct.
(d) All are correct




Vector Operations

49,

50.

51.

52,

53.

54.

55.

56.

57.

The vector area of a triangle whose sides are 2, _l;\, CACE
(a) % (bx ¢+ ex T+ 2% D)

1
(b) = (Bx T+ Ex 7+ 2% b)

(c) % (—_gx T+ aAX O ]_:u>x )

(d) none of the above

If three vectors xa-2b+3¢ - 23+ yb- 4¢ and
—ZT;+ 27C are coplanar, where a wi._'}. < are unit (or any)
vectors, then

(@) xy+3zx-8z=4

(c) 4xy—3zx+3z=4

(b) 2xy—2zx-3z-4=0
(d) xy—-2zx+3z-4=0

= oA
A force F=Q21+3)- ?() N is acting on a body at a
position T'= 61+ 3Ij\—Zi<). The torque about the origin
is:
@) G1+2)+12%) Nm
© (1+2J+12k)Nm  (d) 31+12)+ k)Nm
The values of «x which
oA A i s A SR &
A=®61+x)-2k) and B=(51-6j-yk) may be
parallel are :

(b) (91+ }+7%) Nm

and y for vectors

—0,y=2 20,
(@) x=0,y=3 (b) x=-"y=3
__ 15 23 _36 _15
(@ x=-ry== (d) x=2ry="
The area of the parallelogram determined by

A=21+3-3%kand B=12}-2%kis:
(a) 42 (b) 56
(c) 38 (d) 74
Choose the correct option :
(a) Px(Bx 1+ bx(Tx D)+ Ex(TX -b)) =0
(b) EX (T b)+ bx(Tx @)+ ex(FX b)=0
(€) X (T% _Q) +bx (Px ) - X (X T:>) =0
(d) none of the above
The three conterminous edges of a parallelopiped are
7=21-67+3k
Bb=5}
o=-2t+%
The volume of parallelopiped is :

(a) 36 cubic unit (b) 45 cubic unit
(c) 40 cubic unit (d) 54 cubic unit

If the three vectors are coplanar, then value of ‘x" is:

_}
A=1-2]+3%

L

B =xlj\+ 3

c=71+37-11k
(@) 36/21 (b) -51/32
(c) 51/32 (d) -36/21

The position vectors of point charges g; and g, are 'E; and
T, respectively. The electrostatic force of interaction

N2

between charges is F = 5

471:8(17’

* 58.

59.

60.

61,

* 62.
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where r = distance between charges

€ = electric permittivity of vacuum.
If electric force on first point charge due to second point
charge is directed along the line from g, to 4.

Electrostatic force on first poirt charge due to second
point charge in vector form is:

G192 (T~ T3) Q142 (B— T7)

(a) (b)
4ney 17— 113 drey 15— T2
fh‘?zﬁ fhf?:Tf::

(©) (d)

dmey | 17— 1317 dney I - 1°

The system is shown in the figure, consists of a uniform
beam of 400 N weight on which objects of weight 200 N
and 500 N are hanging. Calculate the magni- tude of
forces R; and R; exerted in the supports :

b iN
- ]

4L/3-» - L/4 P

|
N
200N 400N 500 N

(@) Ry=590N, R;=840N
(b) Ry=420N, R,=580N
(c) Ry=458N, Ry=642 N
(d) Ry=1390N, R,=375N
A particle is moving along a circular path with a constant
speed 30 m/s. What is change in velocity of a particle,
when it describes an angle of 90° at the centre of the
circle ?

R, Ra

(a) Zero (b) 30V2 mv/s
(c) 60v2 m/s (d) %m/s

One day in still air, a motor-cyclist riding north at
30 m/s, suddenly the wind starts blowing westward
with a velocity 50 m/s, then the apparent velocity with
which the motor-cyclist will move, is:

(a) 58.3 m/s (b) 65.4 m/s

(c) 732 m/s (d) 53.8 m/s

A man walks 20 m at an angle of 60° north-east. How far
towards east has he travelled ?

(@) 10 m (b) 20 m
() 203 m d) %m

If the system shown in the figure is in equilibrium then,
calculate the value of weight w. Assume pulleys to be
weightless and frictionless :

(b) 120 N
(d) 90 N

@) 60N
(c) 150 N
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Vector Operations

63. The distance travelled by the car, if a car travels 4 km  65. If a particle is moving on an elliptical path given by
towards north at an angle of 45° to the east and then T=b cos w1 +asin o], then its radial acceleration along
travels a distance of 2 km towards north at an angle of e
13)56t: the east, is: i @) (1)—1') (b) o —r)

2:) 5 kz ( d; 2 kr; (©) - w? T "(d) none of these
: Z = 66. What is the V¢ at the point (0, 1, 0) of a scalar function
64. On one rainy day a car starts moving with a constant = 2 2 .92
: . 2 = o, if ¢=2x"+y"+32°?
acceleration of 1.2 m/s. If a toy monkey is suspended o
from the ceiling of the car by a string, then at what angle @ i
the string is inclined with the vertical ? () 3)
AL oA
(a) tan™ (0.25) (b) tan™! (0.63) © 41+ 2)
() tan! (0.12) (d) tan"! (V3) (d) 31+3j
Answers
Level-1
1. (b) 2. (o) 3. (d) 4. (b) 5. (o) 6. (a) 7. () 8. (b) 9. (a) 10. (a)
1. @ 12 () 13. (b) 14 () 15 (d) 16. (@ 17. (@ 18 () 19. (@)  20. ()
21. (b) 22. (b) 23. (a) 24. (b) 25. (b) 26. (o) 27. (b) 28. (o) 29. (b) 30. (c)
Level-2
1. (a) 2. (a) 3. (b) 4. (o) 5. (d) 6. (d) 7. (a) 8. (0 9. (c) 10. (o)
11. @ 12 () 13. (@ 14 () 15 @ 16. (b) 17. @ 18. (d) 19. (b) 20. (a)
21. (b) 22. (b) 23. (a) 24, (d) 25. (d) 26. (o) 27. (o) 28. (a) 29. (d) 30. (a)
31. (a) 32. (b) 33. (b) 34. (a) 35. " (d) 36. (b) 37. (b) 38. (b) 39. (b) 40. (a)
41. (o) 42. (a) 43. (a) 4. (o) 45. (a) 46. (c) 47. (a) 48. (c) 49. (a) 50. (d)
51. (a) 52. (b) 53. (a) 54. (a) 55. (c) 56. (b) 57. (a) 58. (0 59. (b) 60. (a)
61. (a) 62. (c) 63. (a) 64. (c) 65. (c) 66. (a)
Solutions
Level-1
—
IFl  10v2 A-21
2. H=T=T=10\/2k B=5
fehify A - = - - =
o Sy o s [ Rl 1L PxQ=0 = PI11Q;
. W+ P+ (P Yoy~ B QOxR=0 = QIR
5. 1€12= 1712+ 1Q12+21P1 1QI SRy v, =
C"2 P2+ Q1242171 1Q1 cos @ - A e
3*=3+3+2(3)cos0 16. 8185+ byby =0
9
g=1+cose ara, = —biby
1 LML
cos @ = = 2 4
2 6 =60° 18. b+c=20 .. ()
9. Hint: The resultant of three vectors will be zero if and and = (10)% + b*
only if the sum of two smaller vectors is equal to or 3 2 .2 &
greater than third vector. (20-b)"=(10)"+b" 1oN
10. Let 400 — 40b + b =100 + b
A+B=26 400-100=40b 5
A-B=16 300
24=42 zo—=b = b=75N




Kinematics

Syllabus: Motion in a straight line, uniform :notion, its graphical representation, uniform accelerated motion and its applications,

projectile motion.

Review of Concepts

1. Time: It is measure of succession of events. It is a
scalar quantity. If any event is started at { =0 then time will
not be negative. But if the opservation is started after the start
of event then time may be negative.

2. Distance and Displacement: Suppose an insect is at
a point A (x3, 1, 21) at £ =#;. It reaches at point B (xp, yp, Z5) at
t =t through path ACB with respect to the frame shown in
figure. The actual length of curved path ACB is the distance
travelled by the insect in time Af =, - f.

If we connect point A (initial position) and point B (final
position) by a straight line, then the length of straight line
AB gives the magnitude of displacement of insect in time
interval At =t, —#;.

The direction of displacement is directed from A to B
through the straight line AB. From the concept of vector, the

o T2 A :
position vector of A is ra =x1/1\+y1 j‘\+ zyk and that of B is
- A ek
Ig=X31+13]+23 K.

According to addition law of vectors,
_)
—3 —
T4+ AB = Ip
= 3
AB= Ig— Iy

=(x — x1) :+(_1/2“]/1) )+ @ -2p) k&

The magnitude of displacement is

_)
IAB I =V(x; — x1)% + (Y2~ y1)* + (22 — 21)°

Some Conceptual Points :

(i) Distance is a scalar quantity.

(ii) Distance never be negative.

(iii) For moving body, distance is always greater than zero.
(iv) Distance never be equal to displacement.

(v) Displacement is a vector quantity.

(vi) If a body is moving continuously in a given
direction on a straight line, then the magnitude of
displacement is equal to distance.

(vii) Generally, the magnitude of displacement is less or
equal to distance.

(viii) Many paths are possible between two points. For
different paths between two points, distances are
different but magnitudes of displacement are same.

(ix) The slope of distance-time graph is always greater
or equal to zero.

(x) The slope of displacement-time graph may be
negative.

Example: A man walks 3 m in east direction, then 4 m
in north direction. Find distance covered and the
displacement covered by man.

Solution: The distance covered by man is the length of
path=3m+4m=7m.

N
B
4m
i
W O3m A E
S
Let the man starts from O and reaches finally at B (shown

—
in figure). OB represents the displacement cf man. From

figure,
= 2 2
OB = (OA)? +(AB)
=B m)’+@m)’=5m

4m 4
and tan6—3m 3

f) = tan"} [%J

The displacement is directed at an angle tan™! [%] north

of east.

3. Average Speed and Average Velocity: Suppose we
wish to calculate the average speed and average velocity of
the insect (in section 2) between { —#; and t=1#,. From the

path (shown in figure) we see that at t =4, the position of

=R P . S T .

I A e T R T Ty e ST

T P P

o e L b e ol e s g



Kinematics

the insect is A (x, y1, z1) and at ¢ = t,, the position of the insect
is B (x2, Yo, 23).

The average speed is defined as total distance travelled
by a body in a particular time interval divided by the time
interval. Thus, the average speed of the insect is

_ The length of curve ACB
A ta—t

Yav

The average velocity is defined as total displacement
travelled by a body in a particular time interval divided by
the time interval.

Thus, the average velocity of the insect in the time
interval ;- ¢, is

_)
7 AB
M=
> -
Ip— Ig
b=t
A A &
(- x) 1+ (y2-1) )+ - 29)

ta—t

Some Important Points :

(i)  Velocity is a vector quantity while speed is a scalar
quantity.

(ii) If a particle travels equal distances at speeds
U1,V v3, ... etc. respectively, then the average
speed is harmonic mean of individual speeds.

(iii) If a particle moves a distance at speed v; and comes

2010,

U1 +0p

back with speed v;, then v,, =

But Vop=0
(iv) If a particle moves in two equal intervals of time at
different speeds v; and v, respectively, then
U1+U3
Yav=""5
(v) The average velocity between two points in a time
interval can be obtained from a position versus

time graph by calculating the slope of the straight
line joining the co-ordinates of the two points.

Xg freecceeasfinnnn

Ky fronwemn= d \ Xy

s to ty ta
(@) (b)

The graph [shown in fig. (a}], describes the motion
of a particle moving along x-axis (along a straight
line).

Suppose we wish to calculate the average velocity
between t=1; and t=t¢,. The slope of chord AB

[shown in fig. (b)] gives the average velocity.

35

Mathematically,
Xy — Xy

Uyp=:tan 8 = =]

(vi) The area of speed-time graph gives distance.

(vii) The area of velocity-time graph gives displacement.

(viii) Speed can never be negative.

4. Instantaneous Velocity: Instantaneous velocity is
defined as the average velocity over smaller and smaller
interval of time.

Suppose position of a particle at ¢ is Tand at t+At is
r+Ar. The average velocity of the particle for time interval

—
Giis Wpy=2%
At

From our definition of instantaneous velocity, At should

be smaller and smaller. Thus, instantaneous velocity is

If position of a instant t is

— A A :
re-x1+ y/]\+z'i<, then

particle at an

cr, B0 dx
x-component of velocity is v, = ar

ek d
y-component of velocity is v, = }%
z-component of velocity is v, = d_:

Thus, velocity of the particle is
DAL AL A
V=40t
dxn (9| dz
=E? 1+ d_t ]+at' ﬁ
Some Imiportant Points :
(i) Average velocity may or may not be equal to
instantaneous velocity.
(i) If body moves with constant velocity, the
instantaneous velocity is equal to average velocity.
(iii) The instantaneous speed is equal to modulus of
instantaneous velocity.
(iv) Distance travelled by particle is

s=[ 17 at
(v) x-component of displacement is Ax =va dt
y-component of displacement is Ay = I vy dt

z-component of displacement is Az = I v, dt

Thus, displacement of particle is
AT=Ax?+ AT + Az
(vi) If particle moves on a straight line, (along x-axis),
dx
then v = ar

(vii) The area of velocity-time graph gives displacement.

(viii) The area of speed-time graph gives distance.

(ix) The slope of tangent at position-time graph at a
particular instant gives instantaneous velocity at
that instant.

5. Average Acceleration and Instantaneous Acceleration :

In general, when a body is moving, its velocity is not always




36

the same. A body whose velocity is increasing is said to be
accelerated.

Average acceleration is defined as change in velocity
divided by the time interval.

Let us consider the motion of a particle. Suppose that the

particle has velocity v, at  =#; and at a later time { = £, it has

ey - ! ;
velocity vp. Thus, the average acceleration during time
interval At =ty —t; is

-3 = —
Y2t V1 AV
W ot—-t A

6. Problem Solving Strategy :

Kinematics

If the time interval approaches to zero, average

acceleration is known as instantaneous acceleration.
Mathematically,
a= lim £=@
a0 At dt

Some Important Points :

(i) Acceleration a vector quantity.

(ii) Tts unit is m/s".

(iii) The slope of velocity-time graph gives acceleration.

(iv) The area of acceleration-time graph in a particular
time interval gives change in velocity in that time
interval.

Motion on a Straight Line (one dimensional motion)

|

Uniform velocity

Motion with constant

Motion with variable

acceleration acceleration
= _(u+v J o _dv
(i) s=ut (i) s-( - ]r (i) Ifa—f(t),a—dt
) a=0 () s=ut+ial e O
2 ds
2 - _dv
(i) *=u?+2as (iii) fa=f(v), a=";
- .
(iv) v=u+at (iv) v= it
V) Syun=u+Q@2n-1) % v) s= f vdt
(vi) For retardation, ‘a’ will be L= I“ it

negative.

7. Motion in Two or Three Dimension: A body is free
to move in space. In this case, the initial position of body is
taken as origin.

Any convenient co-ordinate system is chosen. Let us
suppose that at an instant ¢, the body is at point P (x, y, 2).

The position vector of the body is r= A+ u? +z k. Thus,
velocity

— dxan vy dza
V= 1+ —

sl et

8

-_dx
In thi ; ==
n this way, =7
: - dvy
and acceleration along x-axis is 4, = T

d
The velocity along y-axis is vy:d—z

"
& L:'.

and the acceleration along y-axis is 4, =

Similarly,

-3
The acceleration of the body is a= ax/i\ + a:_’;/,i\ +a, k.

Discussion :
(i) (a) If 4, is constant,

Uy = U, ta,t

x=u,:t+%axt2

v,2‘=u,2:+2axx_

(b) If a, is variable,

x= I v dt
[ dve=[a at
(ii) (a_) If a, is constant,
y=uyt+ % ay £
vy =uy+a,t
vf = u§ +2a,y

(b) If a, is variable,
y= I v, dt

[ dv,=[ay at

B .. T | PSR R OO s T

T P P I I T gy e T




Kinematics
(iii) (a) If a, is constant,
U=l + a5t
z=u,t+ % a, t
v% = u‘g +2a,2
(b) If a, is variable,

z=Ivzdt

[dv,=[a,at
If the motion of the body takes place in x-y plane, then

a,=0, ©v,=0, u,=0

Example: A car moves in the x-y plane with

acceleration (3 m/s? T+4m/s? ’j\)
(@) Assuming that the car is at rest at the origin at
t =0, derive expressions for the velocity and position
vectors as function of time.
(b) Find the equation of path of car.

Solution: Here, u,=0, u,=0, u,=0

2,=3m/s%, a,=4m/s*
(a) Up =y +ayt
or v, =3t
and vy=u,+a,t
or vy = 4t

= (3t1+4t))
(ii) x=uxt+%axt2
12 3,2
or x_2x3t —zt
LA
and y=uyt+sayt
or y =%(4) =21
2 4 30
) Wik W R
1;—‘_,\3:(-3:( [ x—zt]
y=3x

Hence, the path is straight line.
(b) The position of car is

=50 weAl Loy BV L e
r=xityj=ot 1+ 2t7j

Example : A bird flies in the x-y plane with a velocity
7=tzli\+3t?. At t =0, bird is at origin.
Calculate position and acceleration of bird as function of

time.
_.}
Solution: - v=_£>1+ 31‘.?
Here, Uy = tz, v,=3t and v,=0

v =12
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or %th s
X
K 2
or Jo dx = J:) tdt
o 8
"3
Also, vy = 3t
or 257 3t
Y
or -[0 dy = 5 3t dt
3t
¥y=">o
- Position of particle is T=xi+ y/f
_Ba 384
=372}
Uy = !2
dv, d (1)
ST TR
and vy = 3t
: dv, . dt
° at " dt
ay = 3 unit
A
a=ayi+ay)
=27+ 3/;A

8. Motion Under Gravity : The most familiar example
of motion with constant acceleration on a straight line is
motion in a vertical direction near the surface of earth. If air
resistance is neglected, the acceleration of such type of
particle is gravitational acceleration which is nearly constant
for a height negligible with respect to the radius of earth. The
magnitude of gravitational acceleration near surface of earth
is g=9.8 m/s? =32 ft/s%

Discussion :

Case I: If particle is moving upwards:

In this case applicable kinematics relations are :

i) v=u-gt lg
(i) h=ut-7 g

u

(i) o2 =02 = 2gh

(iv) Here h is the vertical height of the particle in
upward direction. For maximum height attained by

projectile
h=hpaw v=0
ie., (0)% = 1% = 2ghmay
N
tmay — 2g

Case II: If particle is moving vertically downwards :
In this case,
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(i) v=u+gt u
(ii) v* =u® + 2gh W lg
(iii) h=ut+ % gt2 |

Here, h is the vertical height of particle in
downward direction.

9. Projectile Motion: A familiar example of two
dimensional motion is projectile motion. If a stone is thrown
from ground obliquily, it moves under the force of gravity
(in the absence of air resistance) near the surface of earth.
Such type of motion is known as projectile motion. We refer
to such object as projectile. To analyse this type of motion,
we will start with its acceleration. The motion of stone is
under gravitational acceleration which is constant in
magnitude as well as in direction.

Now let us consider a projectile launched so that its
initial velocity vy makes an angle 6 with the horizontal

(shown in figure). For discussion of motion, we take origin

¥

8} X
A

at the point of projection. Horizontal direction as x-axis and
vertical direction as y-axis is taken.
The initial velocity of projectile along x-axis is
Uy =g cos 0.
The component of gravitational acceleration along x-axis
is a, =g cos 90° =0.
The component of initial velocity along y-axis is
u, =1y sin .
The acceleration along y-axis is 4y=—g.
Discussion :
(i) The instantaneous velocity of the projectile as
function of time: Let projectile reaches at point
(x, y) after time ¢ (shown in figure).

Uy =ty =Ty COS O

and vy=u,—gt=vgsmn 6 -gt

4

A A
V=0y140y)
- A , A
v=05c0s 01+ (vpsin 8 —gt) j
The instantaneous speed

= ] Vi= \f(vo cos (-))2 + (vg sin O —gt)2

Kinematics

Also, x=u,t— (vycos 0)t=uvyt cos 0
1
y=uyt—igt2
: 1 »
or y=(vosm9)t—§gt

The position of the projectile is
- AL A
r=xi+yj
= ; 1 a2\a
::votcos(-)1+[votsm6—§gt°] j
(ii) Trajectory of projectile: The y-x graph gives the
path or trajectory of the projectile.

From discussion of instantaneous velocity of projectile.

x=vgtcos® ...(1) and y=v0tsin6—%gt2 . (2)

%
T vgcos O 3

Putting the value of t from (3) in the equation (2),

[ 1 x 2
Y= [vo cos 6]__2_‘?('00 cos 6]

g’
or y=xtan(-)—.,—2 ...(4)
2v cos” 0
This is the required path of projectile.
i . 203 cos? 0 -
Multiplying the equation (4) by — to both sides,
we get
2 20" sin O cos 0 20" cos* 6\
Y- x=|=——7r——Y
b4 b4
= 2
: vy sin 0 cos 0 .
Adding [——— | to both sides, we get
I v% sin O cos 8 (205 cos? 6] : va sin? @
x— =— y-
8 g 2

This is of the form,
(x-a)y=-c(y-b)

which is the equation of a parabola. Hence, the equation

of the path of the projectile is a parabola.

(iii) Time of flight: The time taken by projectile to
reach at point A from point O is known as time of
flight.

Here, OA =v, T, where T is time of flight. The total
displacement along y-axis during motion of
projectile from O to A is zero so, y=0,

1
But y=uy T-58T°
. 1 2
or 0=(vosm(-))T—EgT
20y sin @
S Z00k!
8

i —— s e e

T




Kinematics

(iv) Range of projectile: Distance OA is known as
range.
The time taken to reach to point A from point O is
T 2vp sin 0

&
20n5in O
The range R - u, T = (vy cos 0) T

= (2 sin 6 cos B)
&
R
v sin 20
8

The time taken by projectile to reach from O to B is equal
to the time taken by projectile to reach from B to A =-27:-
(v) Height attained by projectile: At the maximum
height (at point B) the vertical component of

velocity is zero.

y
0 X
vi = uﬁ -2¢H
or (02 = (v'sin 0)? - 2gH
9 v(z) sin® @
e

Alternative method: A particle is projected with a
velocity u at an angle o to the horizontal, there being no force
except gravity, which remains constant throughout its
motion.

A AW
U =ucosai+usinaj vy

- A
s U (Ri2,H)
- _ A A
S :x1+y] =
X
Ty DA ©0) (R.0)

x?+y/f= (u cos of +usin a/f) t —%gtzlf

X = ut cosa, y=utsino— %gt2

For the maximum height,

T _2usina

t=-2—- T : x=—123r y=H
H=uzsin2a
%
(a) For the range,
x=R, y=0, t=T
Rzuzsin2a

g

(b) ()

(ii)

(iii)

(iv)

V)

(vi)
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If for the two angles of projection o4 and o, the
speeds are same then ranges will be same. The
condition is oy + 0 =90°,

If particles be projected from the same point in
the same plane so as to describe equal
parabolas, the vertices of their paths lie on a
parabola.

The locus of the foci of all parabolas described
by the particles projected simultaneously from
the same point with equal velocity but in
different directions is a circle.

The velocity acquired by a particle at any point
of its path is the same as acquired by a particle
in falling freely from the directrix to that point.
A projectile will have maximum range when it

is projected at an angle of 45° to the horizontal
2

and the maximum range will be %

Sriax

4

In the case of projectile motion, at the highest
¢point, potential energy is maximum and is

2 sin? q.

At the maximum range, H=

equal to %mu

(vii) If the body is projected at an angle of 45° to the

horizontal, at the highest point half of its
mechanical energy is potential energy and rest
is kinetic energy.

(viii) The weight of a body in projectile motion is

(ix)

zero as it is freely falling body.

If two projectiles A and B are projected under
gravity, then the path of projectile A with
respect to the projectile B is a straight line.

10. The equation of trajectory of projectile is

»

2 !
2, 2 2 .
Y%~ SIn O COS aJ d [Zu- cos” aJ[ u? sin? aJ

g 8 2%
2 2
(a) Latusrectum= L,
S be the focus, then Z
1 A
AS = (latus rectum) u
! AL ) Af—'&\-\\
u“ cos“ a N
SM=- 2 M

(b) The co-ordinates of the focus

: [uz sin 0, cos 0, — u” sin® a]

g 28
H2
(c) The equation of directrix, y = E
The range of nth trajectory
u
@ T e T
1 2 3 n




40

¢~ 142 sin 20t

8

where e is the coefficient of restitution.

11. Projectile motion on an inclined plane: A
projectile is projected up the inclined plane from the point
O with an initial velocity vy at an angle 6 with horizontal.
The angle of inclination of the plane with horizontal is a (as
shown in figure)

g sin (90°-a)
=gcos o

The acceleration along x-axis is
ay=-gsina and 4,=-gcosa.

The component of velocity along x-axis is
uy=vpcos (6-0) and u,=vysin(6-0)
(a) Time of flight: During motion from point O to A,
the displacement along y-axis is zero.
y=0 at t=T

g8
y=uyt+5uyt

or O='uosin(6—cx)T—%gc:osocT2

2y sin (6 — o)
T gcosa
(b) Range of projectile: As shown in figure OA
represents the range of projectile. For range,
x=R, t=T
t'Z

1
x=uxt+§ax

or R=vocos(9—a)T—%-gsinaT7 (1)

2vg sin (6 — o)

Putting the value of T'= 2 cos O + in eq. (1)
o
R= — [sin (26 — ) - sin ]
gcos~a

-Alternative method :
Here, B=The angle of inclination of the inclined plane
o = The angle of projection
u =The velocity of projection
In vector form,
—k % D A
a =-gsinPi-gcospj
Tf=ucos(d—[3)’i\+usin(d—[3)/f
For the point A,
t = T = the time of flight.

Kinematics

w)

—

RE
—
ut+— at?

=3

S =+

B

or R’i\+0/j\=(u cos (a—B)’i\+u sin (ot — [3)‘]!) T
—%gT2 (sin B? +cos B'j\)
Equating the coefficients of % and /j\separately.

We get, R=uTcos(a—B)—%gTzsinB

O=uTsina—%gT2cos[3
Gy's T= 2u sin (o — )
. - gcosP
2u” cos o sin (o +B)
g cos® B

(b) Range is R=

A(R,0)

|£2
Z

g cos

[sin (2o — B) - sin ]

{c) For maximum range

200—-B= g
= wa1- szin B)_ ”2.
gcos’p & (1+sinp)
(d) T?g = 2Rpax

(e) (i) When the range of a projectile on an inclined
plane is maximum, the focus of the path is on
the plane.

(ii) From a point on the ground at distance x from
a vertical wall, a ball is thrown at an angle
45°, it just clears the wall and strikes the ground
at a distance y on the other side. Then the

height of the wall is i,
X+y

(iii) If a body moves along a straight line by an

engine delivering constant power, then t o s2%,

(iv) If a,b,c be distances moved by a particle

travelling with uniform acceleration during xth,

yth and zth second of its motion respectively,
then a(y-2)+bz-x)+c(x-y)=0
12. Relative velocity :

-3 r
v4p = relative velocity of A with respect to B

— - =
VAB= VA~ VB

e S N S = S TN P

e e




Kinematics

— - -
VBA= VB— V4
— — —

a4p = 24 ~ ap
(@) If a satellite is moving in equatorial plane with
T, q .
velocity v and a point on the surface of earth with
velocity u relative to the centre of earth, the velocity

of satellite relative to the surface of earth
- =
Vg v—u
(b) If a car is moving at equator on the earth’s surface
with a velocity vcg relative to earth’s surface and a
point on the surface of earth with velocity v relative

to its centre, then
- - =
VCE= Vc— MUE
(c) If the car moves from west to east (the direction of
motion of earth)

UCc=TUCcg+VE
and if the car moves from east to west (oppesite to
the motion of earth)
V= "on —UE
(d) For crossing the river in shortest time, the boat

should sail perpendicular
to the flow. B W C

If the width of river is d. i
v =the velocity of boat in : 2
still water, then, v/
il
ke
8]

The position of boat at the
other bank is C (not B).

-5 o o
The displacement of the boat =0C=0B + BC
OC =\(OB)* + (BC)®

, D
=Vd®+ (v,t)2 = Vd*+ (v, g—]

(e) For crossing the river in shortest distance, the boat
moves as such its horizontal component of velocity
balances the speed of flow.

A b {ged o
. 3
—+V,

w—

=, -~ —

v —

6 e

—_—
O

OB = the shortest path =d

. *#
sin@=-—

v,=vsin 6
v

cos 6=V1—sin®6
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AT

D
Tvcos® o2

v
d

IR

In this case, the magnitude of displacement =d.
(f) If boat crosses the river along the shortest path, then
time is not least.

(8) If c is a space curve defined by the function T (), then

%
% is a vector in the direction of the tangent to c. If

the scalar ¢ is taken arc length s measured from some
-3

: . dr ’
fixed point on ¢, then N is a unit tangent vector to

c _e;nd the arc length is denoted by FI-{ Then
8 = ;
e k n where n is a unit normal vector.

(h) The derivative of vector of constant magnitude is
perpendicular to the vector itself.

(i) The derivative of a vector of constant direction is
parallel to that vector.

() y-=x curve gives actual path of the particle. The
tangent at a point on y —x curve gives the direction
of instantaneous velocity at that point.

(k) When n number of particles are located at the
vertices of a regular polygon of n-sides having side
length 2 and if they start moving heading to each

other,
they must collide at the centre of polygon after the
time = a where v is speed of each
v|1-cos _n}
]
particle.

13. Velocity of approach: If two particles Aand B
separated by a distance d at a
certain instant of time move 4| Va
with velocities v; and 7, at /

B,
angles 6, and 6, with the g’*-“f i®

—
direction AB, the velocity by
which the particle A approaches B =v; cos 8; — v, cos 6;.

The angular velocity of B with respect to A
_ U sin 6, — v1 sin 6,
= d

Example : Four particles are located at the corners of a
square whose side equals a. They all start moving
simultaneously with velocity v constant in magnitude, with
the first particle heading continually tor the second, the
second for the third, third for the fourth and fourth for the
first. How soon will the particles converge?
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Objective Questions

Solution :

A D

B c

The paths of particles are shown in figure.

The velocity of approach of A to B

—v-vcos90°=v-0=0

Kinematics
A D
VYa
B - c

Level-1

The two ends of a train moving with uniform
acceleration pass a certain point with velocities # and v.
The velocity with which the middle point of the train
passes the same point is:

(a) v+u (b) u2+vz
2 2
© YV s d) Yoru

A point particle starting from rest has a velocity that
increases linearly with time such that v=pt where
p=4m/s". The distance covered in the first 2 sec will be :
(@) 6 m (b) 4 m

(c) 8m (d) 10 m

A body starts from rest, with uniform acceleration 2. The
acceleration of a body as function of time ¢ is given by
the equation a=pt where p is constant, then the
displacement of the particle in the time interval ¢t =0 to
t=t; will be:

Lo 1on
@) 5pi (b) 3pti
1 1
(©) gpH d) gptf

If the relation between distance x and time ¢ is of the
form t=ox’+Px here o and B being appropriate
constants, then the retardation of the particle is :

(@) 200’ (b) 2Pv’

(©) 20pv’ (d) 2p%°

A car starts from rest requires a velocity v with uniform
acceleration 2 m/s" then it comes to stop with uniform
retardation 4 m/s". If the total time for which it remains
in motion is 3 sec, the total distance travelled is:

(@ 2m (b) 3 m

{c) 4m (d) 6 m

A beaker containing water is balanced on the pan of a
common balance. A solid of specific gravity one and
mass 5 g is tied on the arm of the balance and immersed

in water contained in the beaker, the scale pan with the
beaker :

10.

11.

(b) goes down
(d) none of these

(a) goes up
(c) remains unchanged

A particle starts from rest with constant acceleration for
20 sec. If it travels a distance y; in the first 10 sec and a

distance y, in the next 10 sec then:

@) y2=2y; (b) y2=3y,

(©) y2=4y (d) y2=>5y;

A body is moving in a straight line as shown in

velocity-time graph. The displacement and distance
travelled by body in 8 second are respectively :

4
T2
g
0
=z 2 4 8
8
'E 2
>

t—
4 (in sec)

(a) 12 m, 20 m
() 12m, 12 m

(b) 20 m, 12 m
(d) 20 m, 20 m

A train starts from station with an acceleration 1m/s" .
A boy who is 48 m behind the train with a constant
velocity 10 m/s, the minimum time after which the boy
will catch the train is :

(a) 4.8 sec (b) 8 sec

(c) 10 sec (d) 12 sec

A particle moves 200 cm in the first 2 sec and 220 cm in
the next 4 sec with uniform deceleration. The velocity of
the particle at the end of seven second is:

(@) 15 cuss (b) 20 cm/s

(c) 10 cm/s (d) none of these

An aeroplane flying horizontally with speed 90 km/hr
releases a bomb at a height of 78.4 m from the ground,
when will the bomb strike the ground ?

(a) 8 sec (b) 6 sec

(c) 4 sec (d) 10 sec

e e i, e, i il s e A i e

e il = e i
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The velocity of a particle at an instant is 10 m/s. After
3 sec its velocity will become 16 m/s. The velocity at 2
sec before the given instant, will be :

(@) 6 m/s (b) 4 m/s

(c) 2m/s (d) 1m/s

A stone is thrown vertically upwards from cliff with
velocity 5 m/s. It strikes the pond near the base of cliff
after 4 sec. The height of cliff is:

(a) 6 m (b) 60 m

(c) 40m (d) 100 m

A stone is released from a hydrogen balloon, going
upwards with velocity 12 m/s. When it is at height of
65 m from the ground, time the stone will take to reach
the ground is :

(a) 5 sec (b) 6 sec

(c) 7 sec (d) 8 sec

A parachutist jumps from an aeroplane moving with a
velocity of u. parachute opens and accelerates downwards
with 2 m/s%. He reaches the ground with velocity 4 m/s.
How long is the parachutist remained in the air ?

(a) 1.5 m (b) 25 m

{c) 4m (d) None ot these

A stone is projected upwards and it returns to ground on
a parabolic path. Which of the following remains
constant ?

(a) Speed of the ball

(b) Horizontal component of velocity

(c) Vertical component of velocity

(d) None of the above

A stone is released from the top of a tower. The total
distance covered by it in the last second of its motion
equals distance covered by it in the first three seconds of
its motion. The stone remains in the air for:

(a) 5 sec (b) 8 sec

(c) 10 sec (d) 15 sec

A dust packet is dropped from 9th storey of a
multi-storeyed building. In the first second of its free fall
another dust packet is dropped from 7th storey 15 m
below the 9th storey. If both packets reach the ground at
same time, then height of the building is:

(a) 25 m (b) 15m

(c) 20 m (d) 16 m

A stone is thrown vertically upwards in air, the time of
upward motion is f; and time of down motion is ¢,
When air resistance is taken into consideration then:
@) h=t (b) i<ty

(©) 1>t (d) 1>=<t

Two different masses m and 2m are fallen from height
H; and H, respectively. First mass takes ¢t second and
another takes 2t second, then the ratio of H; and Hj is:
(@) 2:1 (b) 4:1

(c) 0.25:1 (d) none of these

A car start from station and moves along the horizontal
road by a machine delivering constant power. The

22,

23.

24,

25,

26.

27.

28.

29,
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distance covered by the car in time ¢ is proportional to:
(a) t: (b) t3/2
(©) t2/3 (d) £

For a particle moving in a straight line, the velocity at

any instant is given by 4t° - 2t, where ¢ is in second and
velocity in m/s. The acceleration of the particle when it
is 2m from the starting point, will be :

(a) 20 m/s* (b) 22 m/s*
(c) 14 m/s? (d) none ot these

A body initially at rest is moving with uniform
acceleration a. Its velocity after n second is v. The
displacement of the body in 2 sec is:

(a) 2v(n-1) m v(n-1)
n pll n

©) v(n+1) rn 202n+1)
n ‘,L" rl

A point moves with constant acceleration and vy, v; and
v3 denote the average velocities in the three successive
intervals t;,, and t; of time. Which of the following
relations is correct ?

'Ul—vz_tl—tz 'Ul—'Uz_tl—tz

b
(a) Up — U3 t2+t3 ( ) Up— 03 tl—t3
(% Bk %) t]_tZ 01—y t1+t2
(=——mrr= (d) ——~
2=v3 h-H vy-v3 b+t

A large number of bullets are fired in all directions with
the same speed v. The maximum area on the ground on
which these bullets will spread is :

) :
- by ™

(a) 2 (b) o
2.4 2.2

© “;2 @ =&

A piece of marble is projected from earth’s surface with
velocity of 50 m/s. 2 seconds later, it just clears a wall
5 m high. What is the angle of projection ?

(a) 45° (b) 30°

(c) 60° (d) None of these

Two stones having different masses m; and m, are
projected at an angle o and (90° — &) with same velocity
from same point. The ratio of their maximum heights is :
@) 1:1 (b) 1:tanc

(©) tana:1 (d) tan’a: 1

A stone of mass 2 kg is projected with velocity 20 m/s
at an angle 60° with the horizontal, its momentum at the
highest point is:
(a) 20kg ms !
(c) 40kgms™!

A body is projected with speed v m/s at angle 8. The
kinetic energy at the highest point is half of the initial
kinetic energy. The value of 01is :

(a) 30° (b) 45°

(c) 60° (d) 90°

(b) 20V3 kg ms™!
. (d) none of these
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30.

31.

32,

33.

34.

35.

36.

37.

A body projected with velocity u at projection angle 6
has horizontal displacement R. For the same velocity and
projection angle, its range on the moon surface will be:

. R
@) 36R - (b) 3¢

R
© 16 (d) 6R
Three balls of same masses are projected with equal
speeds at angle 15°45°75° and their ranges are
respectively R;, Ry and Rj3 then:
(@ Ry>Ry>Rjy (b) Ri<Ry<R;
(© Ri=Ry=Rj3 (d) Ri=R3<R,
A projectile can have the same range R for two angles of
projection 6 and (90°-6). If t; and ¢, are the times of

flight in the two cases then:
1 —_

(@) Re< ity (b) = = Viiiz

(c) Rectity (d) none of these

Two stones are projected with same velocity v at an angle
0 and (90°-6). If H and H; are greatest heights in the
two paths, what is the relation between R, H and H; ?
(a) R-4VHH,; (b) R=VHH;

(c) R=4HH, (d) None of these

A bullet fired from gun at sea level rises to a maximum
height 10 m. When fired at a ship 40 m away, the muzzle
velocity should be :
(@) 20 m/s

(c) 16 m/s

A ball is projected with velocity u at an angle o with

horizontal plane. Its speed when it makes an angle B
with the horizontal is:

(b) 15 m/s
(d) none of these

u
cos B
U COS O

{(c) ucosacosf (d) T

An aeroplane is flying horizontally with velocity 150
m/s at a height 100 m from the ground. How long must
the distance from the plane to target be, if a bomb is
released from the plane to hit the target ?

(@) 671 m (b) 67 m

(c) 335 m (d) 1.34 km

A stone is projected with a velocity of 10 m/s at an angle
of 30° with the horizontal. It will hit the ground after
time :

(@ ucosa (b)

Level-2
2.

Motion in One Dimension
Mark correct option or options :
(a) displacement may be equal to the distance

(b) displacement must be in the direction of the
acceleration of the body

(c) displacement must not be in the direction of velocity
(d) none of the above

38,

39.

40.

41.

42.

43.

44,

45.

Kinematics

(a) 3 sec (b) 2 sec

(c) 1.5 sec (d) 1 sec

For the same horizontal range, in how many projections
can an object be projected ?

(@ 4 (b) 3

() 2 (d) 1

The range of projectile projected at an angle 15° is
10V3 m. If it is fired with the same speed at angle of
30°, its range will be:

(a) 60 m (b) 45 m

() 30m (d) 15m

A body is projected with initial velocity of (8% + 67 ) m/s.
The horizontal range is :
(a) 9.6 m

{c) 50 m

A ball of mass M is thrown vertically upwards. Another
ball of mass 2M is thrown at an angle 6 to vertical. Both
of them stay in air for the same period of time, the
heights attained by the two are in the ratio:

(@ 1:2 (b) 2:1

(©1:1 (d) 1:cos 9

A tennis ball rolls off the top of a stair case way with a
horizontal velocity u m/s. If the steps are b metre wide

and h metre high, the ball will hit the edge of the nth
step, if :

(b) 14 m
(d) none of these

2hu 2hu?
a) n=""— b) n=
@) n="1 ®) n="
2hu? hu?
C) n= d) n=—
© n=23 @ n=2,

The co-ordinates of the initial point of a vectors (2, 1) and
those of terminal point are (7, 9). The magnitude of
vector is:

(@) 8 (b) V84

(c) V89 (d) 10

One of the rectangular components of a velocity of 60
m/s is 30 m/s, the other rectangular component is :

(a) 30 m/s (b) 30¥3 m/s

(c) 30 2 m/s (d) none of these

A river is flowing from west to east at a speed 15 m/s .
A boy on the south bank of the river, capable of
swimming at 30 m/s in still water, wants to swim, cross
the river in the shortest time. He should swim in
direction ?

(a) due north

(c) 30° west of north

(b) 30° east of north
(d) 60° east of north

In the two dimensional motions :

(a) x-t graph gives actual path of the particle

{b) y-t graph gives actual path of the particle

(c) v +y* versus  graph gives the actual path of the
particle

(d) y-x graph gives actual path of particle

P L I [ —
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3.

*6.

A cat wants to catch a rat. The cat follows the path whose
equation is x+y=0. But rat follows the path whose

equation is X* + y = 4. The co-ordinates of possible points
of catching the rat are :

@) (V2,V2) (b) (-v2,V2)
(© (2,V3) (d) (0, 0)
A deer wants to save her life from a lion. The lion follows

a path whose equation is x? + % = 16. For saving life, the
deer moves on a path whose equation is/are :

@) P +y*=4

(b) Z+y*=16

© ¥+y*-64=0

(d) both (a) and (c) are correct

Which of the following position-time graph does not
exist in nature ?

4 f
N

t—
(a) (b)
t—»
t 1
X X
LY
t—»

(© (d)

There is a square caromboard of side a. A striker is
projected in hole after two successive collisions.
Assuming the collisions to be

perfectly elastic and the surface to =
be smooth. The angle of
projection of striker is:

-1(3 a
(a) cot ( 1 ] \\

-1(3

= f

(b) cos [ 4]

. -1(3)
(c) sin [ 4 ]
(d) none of these
Speed is to velocity as:
(a) centimetre is to metre
(b) force is to torque

(c) velocity is to acceleration
(d) distance is to displacement

A person travelling on a straight line moves with a
uniform velocity v; for some time and with uniform

velocity v, for the next the equal time. The average
velocity v is given by :

v+ o
@ p=——? (b) %:% vl
~ 1 U2
= 1 1 1
(¢) v=Nvjv, (d) 5=zT1_+v_2

9.

10.

* 11.

12.

13.

14.

15.
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A car moves at 80 km/hr in the first half of total time of
motion and at 40 km/h™! in the later half. Its average
speed is:

(@) 60 km/hr

(c) 120 km/hr
A particle moves with constant speed v along a regular
hexagon ABCDEF in same order. (i.e., Ato B, Bto C,Cto
D,D to E,E to F and F to A) The magnitude of average
velocity for its motion from A to C is :

@) v OF
NERY

-~
oo

(b) 30 km/hr
(d) none of these

©

One rickshaw leaves Patna Junction for Gandhi Maidan
at every 10 minute. The distance between Gandhi
Maidan and Patna Junction is 6 km. The rickshaw travels
at the speed of 6 km/hr. What is the number of rickshaw
that a rickshaw puller driving from Gandhi Maidan to
Patna Junction must be in the route if he starts from
Gandhi Maidan simultaneously with one of the rickshaw
leaving Patna Junction :

(a) 11 (b) 12

(c) 5 (d) 1

During the shooting of a super hit film ‘MARD” Amitabh
Bachchan was waiting for his beloved ‘Amrita Singh’
with his dog. When he saw her approaching, the dog
was excited and dashed to her then back to master and
so on, never stopping. How far would you estimate the
dog ran if its speed is 30 km/hr and each of them walked
at 4 km/hr, starting from a distance 400 m apart ?

(@) 400 m (b) 880 m

(c) 1500 m (d) 30 km

Two particles start from the same point with different
speeds but one moves along y = a sin wx and other moves
along curve y =a cos wx :

(a) they must collide after some time

(b) they never collide with each other

(d) none of these

: g T a’
(c) they may collide at a point P [4[’) EJ

(d) they must collide at the point P

A sheet of wood moves over a smooth surface (shown in
the figure). The magnitude of velocity of C is:

%) B A’

*C

(@) v (b) 2vcos B

(c) 2vsin 6 (d) 2v

The given hing construction consists of two rhombus
with the ratio 3 : 2. The vertex A, moves in the horizontal
direction with a velocity v. The velocity of A; is:
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16.

*17.

*18.

19.

(a) 0.6v (b) 0.7v
(c) 3v (d) 2v
In the arrangement shown in  ——1—+—1—7—+—17-1

figure, the ends P and Q of
an inextensible string move

L H
downwards with uniform g 0 U

speed u. Pulleys A and B are "

fixed. The mass m moves up- o Q

wards with a speed : H m =
i

cos 6

(a) 2ucos® (b)

2u
cos 6

(©)
In the given figure, find the speed of pulley P:

(d) ucos8

(a) % (b) 2vcos 8
20 v
(©) cos 6 (d) 2sin®

A tractor A is used to hoist the body B with the pulley
arrangement shown in fig. If A has a forward velocity
v4, find the velocity of the body B:

XU XU

@ =~ (b) —~
XU4

© N

A link AB is moving in a vertical plane. At a certain

instant when the link is inclined 60° to the horizontal, the

point A is moving horizontally at 3 m/s, while B is

moving in the vertical direction. What is the velocity
of B?

(d) none of these

20.

21.

22,

23.

Kinematics

() \/LS_m/S Ve
(b) 2V3 m/s
(©) V3 m/s

(d) —\fzé—m/s

A Va

Two intersecting straight lines moves parallel to
themselves with speeds 3 m/s and 4 m/s respectively.
The speed of the point of intersection of the lines, if the
angle between them is 90° will be:

(a) 5m/s ({b) 3 m/s

(c) 4m/s (d) none of these

The displacement time

graph is shown in figure.

The instantaneous velocity 45

is negative ac the point: '€
(a) D
(b) F
©C
@) E

In the given x-t curve:

{(a) the velocity at A is zero
but at B is non-zero

(b) the velocity at A and B is T
zero X

(c) the velocity at A and B is
NoN-zero A C

(d) the directions of velocity
at A and B are definite

Displace
¢
o
m

v

Time —»

t— -
A particle moves along X-axis whose velocity varies with
time as shown in the figure :

B

v

2 ‘—P\/D
C
Then which of the following graphs is/are correct ?

il
(@) 3
@
0
w

Time -—p

A
=
I
(b) oy
&
o
@

E .
Time-—
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24.

25.

.
L

4

(©)

Time -—»

Acceleration—»

|

B e

(d) All the above

The position of a particle at any instant ¢ is given by
x=a cos wt. The speed-time graph of the particle is:

(a) T

N :
N~

t—>»

® |
: il .
N

t—>»

(©

T

v

t=—»

D e e i
o e e

Which of the following speed-time graphs exists in the
nature ?

o NS e
B T

!
v
(b)

o —

(c)

o s

(d) All the above

26.

27.

28.

29,

30.

31.
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Two particles describe the same circle of radius 4 in the

same sense with the same speed v. What is their relative

angular velocity ?

(@) via (b) 2v/a

(c) v/2a (d) va

A particle is moving on a straight line path with constant

acceleration directed along the direction of instantaneous

velocity. Which of following statements are false about

the motion of particle ?

(a) Particle may reverse the direction of motion

(b) Distance covered is not equal to magnitude of
displacement

(c) The magnitude of average velocity is less than
average speed

(d) All the above

Mark the correct statements for a particle going on a

straight line :

(@) if the velocity and acceleration have opposite signs,
the object is slowing down

(b) if the position and velocity have opposite signs, the
particle is moving towards the origin

(c) if the velocity is zero at an instant, the acceleration
should also be zero at that instant

(d) if the velocity is zero for a time interval, the
acceleration is zero at any instant within the time
interval

(e) (a), (b) and (d) are correct.

A particle of mass m is initially o

situated at the point P inside a
hemispherical surface of radius
r as shown in figure. A \P

horizontal  acceleration  of

magnitude 4y is suddenly

produced on the particle in the

horizontal direction. If gravitational acceleration is
neglected, the time taken by particle to touch the sphere
again is:

(a) 1/4r sin o
ap

1/4r COSs O

OV

A particle starts with a velocity of 2 m/s and moves in

) \j 4r tan o
a0

(d) none of these

a straight line with a retardation of 0.1 m/sz. The time
that it takes to describe 15 m is:

(@) 10 s in its backward journey

(b) 30 s in its forward journey

(c) 10 s in its forward journey

(d) 30 s in its backward journey

(e) both (b) and (c) are correct

A particle starts from rest with acceleration 2 m/s". The
acceleration of the particle decreases down to zero
uniformly during time-interval of 4 second. The velocity
of particle after 2 second is:

(@) 3 m/s (b) 4 m/s

(c) zero (d) 8 m/s
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32.

33.

34.

35.

36.

37.

38.

39.

In the previous problem, the distance travelled by the
particle during the time interval of 4 s is:

(a) 10.66 m (b) 20 m

() 4m (d) 2m

If the greatest admissible acceleration or retardation of a
train be 3 feet/ secg, the least time taken from one station
to another at a distance of 10 metre is [the maximum
speed being 60 mile per hour]:

(a) 500 sec (b). 58.67 sec

(d) 314 3 sec

A person walks up a stalled escalator in 90 second. When
standing on the same escalator, now moving, he is
carried in 60 second. The time it would take him to walk
up the moving escalator will be :

(@) 27 s (b) 72s

(c) 18 s (d) 36s

A body starts from rest and moves with a constant
acceleration. The ratio of distance covered in the nth
second to the distance covered in n second is:

(c) 400 sec

2_1 41555
@ 5= ® =5,
28081 2 1
(C) nz_n (d) n+n2

A particle moving with a uniform acceleration along a
straight line covers distances 4 and b in successive intervals
of p and g second. The acceleration of the particle is :

pq(p+9) 2 (ag - bp)
Ll AT — AR b =t

@ 2Gp—an ®) Zie-a
bp —aq 2 (bp—ag)
el S d e e e

© pap—9q) () pa(p+9q)

A body moves along x-axis with velocity v. If the plot
v-x is an ellipse with major axis 2A and minor axis 2vg,

the maximum acceleration has a modulus :
2

Y0
@ &
(€) vA
The distance time graph of a particle at time { makes
angle 45° with respect to time axis. After one second, it
makes angle 60° with respect to time axis. What is the
acceleration of the particle ?
(@) Y3 -1 unit (b) V3 +1 unit
(¢) V3 unit (d) 1 unit
The velocity-time plot for a particle moving on a straight
line is shown in the figure, then:

A
b__._
()v%

(d) none of these

40.

41.

42,

43,

44,

45,

Kinematics

(a) the particle has a constant acceleration

(b) the particle has never turned around

(c) the average speed in the interval 0 to 10 s is the same
as the average speed in the interval 10 s to 20 s

(d) both (a) and (c) are correct

The acceleration of a train between two stations 2 km

apart is shown in the figure. The maximum speed of the

train is:

I +5-L 1
£ i
' 12 16
4 8 £
—51
t(s)—»
(a) 60 m/s (b) 30 m/s
(c) 120 m/s (d) 20 m/s

When acceleration of a particle is a =£(t), then:

(a) the velocity, starting from rest isf fat
o

(b) velocity may be constant

(c) the velocity must not be function of time

(d) the speed may be constant with respect to time

A particle moves in a straight line so that after ¢ second,

the distance x from a fixed point O on the line is given

by x=(¢t-2)?(t-5). Then:

(a) after 2 s, velocity of particle is zero

(b) after 2 s, the particle reaches at O

(c) the acceleration is negative, when t<3 s

(d) all the above

A bee flies in a line from a point A to another point B in

4 s with a velocity of |#-2! m/s. The distance between

A and B in metre is:

@ 2 (b) 4

(c) 6 (d) 8

When acceleration be function of velocity as a=f(v).

Then:

vdv

f@

(b) the acceleration may be constant

(c) the slope of acceleration versus velocity graph may
be constant

(d) (a) and (c) are correct

If the acceleration of a particle is the function of distance

as a=f(x). Then:

(@) the velocity must be the function of displacement

(b) the velocity versus displacement graph cannot be a
straight line

(c) the velocity may be the function of displacement

(a) the displacement (x) ::f

(d) the acceleration versus displacement graph may be
straight line
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46.

47.

48.

49.

50.

51.

A particle moves as such whose acceleration is given by
a=3sin 44, then:

(a) the initial velocity of the particle must be zero

(b) the acceleration of the particle becomes zero after

each interval of % second

(c) the particle does not come at its initial position after
some time

(d) the particle must move on a circular path

A “particle moves along a straight line such that its

position x at any time f is x = 3t2 - t3, where x is in metre

and f in second, then:

(a) at =0 acceleration is 6 m/s>

(b) x-f curve has maximum at 8 m

(¢) x-t curve has maximum at 2 s

(d) both (a) and (c) are correct

The motion of a body falling from rest in a resisting

do

dt

aand b are constant. The velocity at any time ¢ is:

medium is described by the equation —— =4 — bv, where

@) a1~ (b) %{1 e v

(c) abe™ (d) ab* (1 -1t

A rectangular box is sliding on a smooth inclined plane
of inclination 6. At t =0, the box starts to move on the
inclined plane. A bolt starts to fall from point A. Find the
time after which bolt strikes the bottom surface of the
box :

(@ 'g ci o ‘ ®) [g 52111!1 aJ
i o
oVF @V

A point moves in a straight line under the retardation

kv?. If the initial velocity is u, the distance covered in ¢
second is :

(@) kut (b) %Iogkut

© %log (1 +kut) (d) klogkut

An object moves, starting from rest through a resistive
medium such that its acceleration is related to velocity
as a=3-2v. Then:

(a) the terminal velocity is 1.5 unit

(b) the terminal velocity is 3 unit

(c) the slope of a-v graph is not constant

(d) initial acceleration is 2 unit

52.

53.

54,

55.

56.

57.

58.
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A stone is released from a balloon moving upward with
velocity vg at height h at t =0. The speed-time graph is:

! !
\:.r v

—>

()

(a) Ni—>

(d) none of these

(c) T
If the velocity of a moving particle is v=x" where x is
the displacement, then:

(a) when x=0, the velocity and acceleration are zero

®) n>%

(c) n<%

(d) (a) and (b) are correct

Which of the following statements is correct ?

(a) When air resistance is negligible, the time of ascent
is less than the time of descent

(b) When air resistance is not negligible, time of ascent
is less than the time of descent

(c) When air resistance is not negligible, the time ascent
is greater than the time of descent

(d) When air resistance is not negligible, the time of
ascent is lesser than the time of descent

A particle is projected veritically upward :n vacuum with

a speed 40 m/s then velocity of particle when it reaches

at maximum height 2 s before, is : (Take g =10 m/s?)

(@) 20 m/s (b) 4.2 m/s

(c) 98 m/s (d) none of these

A juggler keeps on moving four balls in the air throws

the balls in regular interval of time. When one ball lea -es

his hand (speed =20 m/s), the position of other balls will

be : (Take g =10 m/s?)

(a) 10 m, 20 m, 10 m (b) 15m,20 m, 15 m

(¢) 5m,15m,20m (d) 5m,10 m, 20 m

Balls are thrown vertically upward in such a way that

the next ball is thrown when the previous one is at the

maximum height. If the maximum height is 5 m, the

number of balls thrown per minute will be:

(Take g=10 m/sz)

(a) 60 {b) 40

{c) 50 (d)- 120

A ball is dropped vertically from a height d above the

ground. It hits the ground and bounces up vertically to

a height d/2. Neglecting subsequent motion and air

resistance, its speed v varies with the height k above the

ground as:
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* 59,

* 60.

61.

(@) (b)
() E (d)
A ball is projected vertically upwards. If resistance due

to air is ignored, then which of the following graphs
represents the velocity-time graph of the ball during its

flight ?
: b
(d)

© \

An object is thrown upward with a velocity u, then
displacement-time graph is:

© N—

A particle P is sliding down a frictionless hemispherical
bowl. It passes the point A at t = 0. At this instant of time,
the horizontal component of its velocity is v. A bead Q
of the same mass as P is ejected from A at ¢ =0 along the
horizontal string AB, with the speed v. Friction between

the bead and the string may be neglected. Let ¢p and tp.

be the respective times by P-and Q to reach the point B.
Then:

(a) tp< to
(b) tp=1lg Py B
(C) fp > tQ

tp  length ofarc ACB
to  length of chord AB

(d)

* 62.

63.

64.

65.

66,
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Two stones A andB are dropped from a multistoried
building with a time interval ty3, where ¢t is smaller than
the time taken by A to reach the floor. At t=tg, stone A
is dropped. After striking the floor, stone comes to rest.
The separation between stones plotted against the time
lapse t is best represented by :

rs
| 1
d d
A =
T o t—> T (b)
d d
© t— @ t—>

A balloon going upward with a-velocity of 12 m/s is at
a height of 65 m from the earth surface at any instant.
Exactly at this instant a packet drops from it. How much
time will the packet take in reaching the surface of
earth ? (g=10 m/s2)
(a) 7.5 sec

(c) 5 sec

A stone is released from a balloon moving upward with
velocity vy at height h at t =0. Which of the following
graphs is best representation of velocity-time graph for
the motion of stone ?

: N

() \t— (b)
A

© ‘77 )

Motion in Two and Three Dimensions

A particle is projected at angle 60° with the horizontal

with speed 10 m/s then equation of directrix is:

(Take g =10 m/s?)

(@) y=5 (b) x=5

(¢) x=10 (d) x+y=5

Three particles of equal masses are located at the vertices

of an equilateral triangle whose side equals a. They all

strart moving simultaneously with constant speed v with

the first point heading continuously for second, the

second for third and third for first. Then:

{(a) the distance travelled by each particle is 2a/3

(b) at every instant before collision the momentum of the
system is zero

{c) the force on each particle is perpendicular to velocity
of the particle at any instant before collision

(d) all the above

(b) 10 sec
(d) none of these

{—»

<—>

A R T Lo

el ol S o .
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Eight particles are situated at the vertices of a regular

octagon having edge length 10 cm. They all start moving

simultaneously with equal constant speed 1 cm/s

heading towards each other all the time. Then:

(a) momentum of system does not remain constant

(b) kinetic energy of the system remains constant after
collision

4

(c) they will collide after time lvlg—j—zl—] second

(d) every particle moves with constant acceleration

A particle P is at the .origin starts with velocity
W=21-4)hmis  with
Gi+ 5}) nvsZ. After travelling for 2 second, its distance
from the origin is:

(a) 10 m (b) 102 m

(c) 9.8 m (d) 11.7 m

At an instant f, the co-ordinates of a particles are

constant acceleration

x=at‘2,y=bt‘2 and z=0. The magnitude of velocity of
particle at an instant ¢ is :

(@) tVa?+b? (b) %2
© % (d) 2¢ Va2 + b

If x=a(cos0+0sinB) and - y=a(sin®-6cosO) and 6
increases at uniform rate w. The velocity of particle is :

2
(@) aw ®) %
©) % ) 20w

If co-ordinates of a moving point at time ¢ are given by

x=a(t+sint), and y=a (1 - cos t), then:

(@) the slope of acceleration time graph is zero

(b) the slope of velocity-time graph is constant

(c) the direction of motion makes an angle £/2 with
x-axis

(d) all the above

A particle moves along the positive branch of the curve

2 2
X ¢ ;
y=7 where x = 3’ where x and y are measured in metre

and ¢ in second. At t=2sec, the velocity of the particle
1S :
@) (21-49) m/sec (b) (21+4)) m/sec
(c) (2?+2;) m/sec (d) (4?—2;) m/sec
The velocity of a particle moving in the x-y plane is given
by

dx

: dy
e 8nsin2nt and prin 57 cos 2mt

where =0, x =8 and y =0. The path of the particle is:
(a) a straight line (b) an ellipse

(c) a circle (d) a parabola

A light rigid rod is placed on a smooth horizontal

surface. Initially the end A begins to move vertically
upward with constant velocity vy and centre of the rod

75.

76.

77.

78.

79.

80.

51

upward with a velocity vy/2 having downward accele-

ration ap/2, the other end moves downward with :

(a) zero initial velocity having zero acceleration

(b) zero initial velocity having 4y downward acceleration

(c) non-zero initial velocity and zero acceleration

(d) none of the above

At the top of the trajectory of a projectile, the directions

of its velocity and acceleration are :

(a) parallel to each other

(b) inclined to each other at an angle of 45°

(c) anti parallel to each other

(d) perpendicular to each other

A projectile is thrown at an angle of 6=45° to the

horizontal, reaches a maximum height of 16 m, then:

(a) its velocity at the highest point is zero

(b) its range is 64 m

(c) its range will decrease when it is thrown at an angle
30°

(d) (b) and (c) both are correct

A heavy stone is thrown. from a cliff of height i in a given

direction. The speed with which it hits the ground (air

resistance may be neglected):

(@) must depend on the speed of projection

(b) must be larger than the speed of projection

(c) must be independent of the speed of projection

(d) (a) and (b) both are correct

A particle is projected with speed v at an angle 6
v .1
lO<9<E'
the ground. If v=speed with which particle hits the
ground and t = time taken by particle to reach ground,
then :

(a) as 6 increases, v decreases and ¢ increases

(b) as 6 increases, v increases and f increases

(c) as 0 increases, v remains same and { increases

(d) as 0 increases, v remains same and ¢ decreases

Wabove the horizontal from a height H above

A particle of mass m is projected with a velocity v
making an angle of 45° with the horizontal. The
magnitude of angular momentum of projectile about the
point of projection when the particle is at its maximum
height h is:

(a) zero (b) mTzh
(c) M (d) none of these
V2

Two particles are projected vertically upwards with the
same velocity on two different planets with accelerations
due to gravity g; and g respectively. If they fall back to

their initial points of projection after lapse of time ; and
t; respectively, then :

(@ tht2=818 (b) h1g1=t28

f.an
£~} ﬂ:_z

) B+=g1+%
g1
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81,
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84
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A particle is projected from a horizontal plane to pass
over two objects at heights h and k and a slant distance
d apart. The least possible speed of projection will be :
(@) gh+k+d) (b) Ng(h+k +d)

() hg+k+4d) (d) \lh(g+h+d)

The graph below shows one half period of a sinusocidal
wave. It might represent the time dependence of :

2 3

Time(s)}—

(@) height of a projectile

(b) vertical component of a projectile’s velocity

(c) X-componeuni of a projectile ™oving in uniform
circular motion

(d) speed of an object subjectad to a force that grows
linearly with time

A number of particles are projected from a given point

with equal velocities in different directions in the same

vertical plane. At any instant, they will lie on :

(a) parabola (b) circle

(c) hyperbola - (d) rectangle

Two inclined planes are located as shown in figure. A

particle is projected from the foot one frictionless plane

along its line with a

velocity just sufficient to

carry it to top after which

the particle slides down

the other frictionless 9.8m\\
inclined plane. The total A 4g 450>\
time it will take to reach £l I _Ag
the point C is:

(a) 2 sec (b) 3 sec

(c) 22 sec (d) 4 sec

Rain water is falling vertically downward with velocity
v. When velocity of wind is u in horizontal direction,

water is collected at the rate of R m%/s. When velocity of

wind becomes 2u in horizontal direction, the rate of
collection of water in vessel is:

(@) R ®) 5
2 2

A particle is projected at an angle o with the horizontal
from the foot of an inclined plane making an angle B
with horizontal. Which of the following expression holds
good if the particle strikes the inclined plane normally?
(a) cotB=tan (o - P) (b) cotP=2tan (a~P)

(¢) cota=tan{o— ) (d) cota=2tan (o - )

When the range of a projectile on an inclined plane is
maximum then:

(a) the focus of the path is on the plane

88.

89.

90.

91.

92,

93.

94.
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(b) the focus of the path is below the plane
(c) the focus of the path is above the plane
(d) the focus of the path lies at any place

If a number of particles are projected from the same point

in the same plane so as to describe equal parabolas, then
the vertices of their paths lie on a:

(a) parabola (b) circle

(c) square (d) rectangle

The locus of foci of all parabolas described by the
particles projected simultaneously from the same point
with equal velocities but in different directions is a:

(a) circle (b) parabola

(c) ellipse (d) hyperbola

A particle is projected at

an angle 60° with the 10m/s

horizontal with a speed A

10 m/sec. Then latus

rectum is : 50° 2
(Take g =10 m/s?)

(@ 5m (b) 15 m

(¢) 10 m (d) 0

Relative Velocity
A bus moves over a straight level road with a constant
acceleration a. A boy in the bus drops a ball out side. The
acceleration of the ball with respect to the bus and the
earth are respectively :
(@) aand g (b) a+gandg-a

() Va®+g* and g (d) Va®+g* anda

A man swims relative to water with a velocity greater
than river flow velocity. Then :

(a) man may cross the river along shortest path

(b) man cannot cross the river

(¢) man cannot cross the river without drifting

(d) none of the above

Two cars move in the same direction along parallel
roads. One of them is a 200 m long travelling with a
velocity of 20 m/s. The second one is 800 m long
travelling with a velocity of 7.5 m/s. How long will it
take for the first car to overtake the second car ?

(@) 20s (b) 40 s

(c) 60 s (d) 80s

A motor boat covers the distance between two spots on
the river banks in ;=8 h and {, =12 h in down stream
and upstream respectively. The time required for the boat
to cover this distance in still water will be :

(a) 6.9 hr (b) 9.6 hr

(c) 69 second (d) 96 second

A man rows directly across a river in time ¢ second and
rows an equal distance down the stream in T second. The
ratio of man’s speed in still water to the speed of river
water is :

2 72 P2
t°-T t“+T
(@) 2 2 (b) 2 2
t°+T t“-T
© B i @ T2+
T2+8 T2 #
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Kinematics 53
96. To a person going toward east in a car with a velocity of (a) 60° (b) 30°
25 km/hr, a train appears to move towards north with a (c) 45° (d) 90°
V‘flli’cl)ity of 253 km/hr. The actual velocity of the train x gg, A cyclist is moving- with a constant acceleration of 1.2
A%% e )
m/s- on a straight track. A racer is moving on a circular
(a) 525kkrr/\}/1hr (g) gg tm/}: path of radius 150 m at constant speed of 15 m/s. Find
© m : = . (d) 0/ .r . the magnitude of velocity of racer which is measured by
97. A beautiful girl is going eastwards with a velocity of 4 the cyclist has reached a speed of 20 m/s for the position
km/hr. The wind appears to blow directly from the represented in the figure :
north. She doubles her speed and the wind seems to ;
come from north east. The actual velocity of wind is: el
(a) 4V2 km/hr towards south east %“"
(b) 4 N/Zj km/hr towards north west 30°
(¢) 2V2 km/hr towards south east
(d) none of the above
98. Rain drops fall vertically at a speed of 20 m/s. At what Racer
angle do they fall on the wind screen of a car moving
with a velocity of 15 m/s if the wind screen velocity
inclined at an angle of 23° to the vertical ? (a) 18.03 m/s (b) 25 m/s
[cot'] §= 37QJ (c) 20 m/s (d) 15 m/s
Answers
Level-1
1. (o) 2. (o) 3. (d) 4. (a) 5. (d) 6. (a) 7. (b) 8. (a) 9. (b) 10. (o)
11. () 12. (a) 13. (b) 14. (a) 15. (¢) 16. (b) 17. (a) 18. () 19. (b) 20. (o)
21. (b) 22. (b) 23. (a) 24, (d) 25. (b) 26. (b) 27. (d) 28. (a) 29. (b) 30. (d)
31. (d) 32. (o) 33. (a) 84. (a) 35. (d) 36. (a) 37. (d) 38. (c) 39. (¢) 40. (a)
41. (d) 42. (b) 43. (o) 44. (b) 45. (a),
Level-2
1. () 2. (d) 3. (b) 4. (d) 5. (¢) 6. (a) 7. (d) 8. (a) 9. (a) 10. (c)
11. (a) 12. (o) 13. (¢) 14. (o) 15. (a) 16. (b) 17. (c) 18. (c) 19. (o) 20. (a)
21. d) 22. ®) 23. (d) 24. () 25 (b) 26. (@) 27. (d) 28. (¢) 29. () 30. (e)
31. (a) 32. (a) 33. (b) 34. (d) 35. (a) 36. (b) 37. (a) 38. (a) 39. (d) 40. (b)
41. (a) 42, (o) 43. (b) 44, (d) 45. (c) 46. (b) - 47. (d) 48. (b) 49. (a) 50. (c)
51. (a) 52. (b) 53. (b) 54. (d) 55. (a) 56. (b) 57. (a) 58. (b) 59. (o) 60. (a)
61. (a) 62. (a) 63. (c) 64. (a) 65. (b) 66. (d) 67. (c) 68. (b) 69. (d) 70. (d)
71. (d) 72. (b) 73. (b) 74. (b) 75. (d) 76. (d) 77. (d) 78. (o) 79. (b) 80. (b)
81. (b) 82. (c) 83. (b) 84. (d) 85. (a) 86. (b) 87. (a) 88. (a) 89. (a) 90. (a)
91. (c) 92. (a) 93. (d) 94. (b) 95. (b) 96. (b) 97. (a) 98. (a) 99. (a)
Solutions
Level-1
1 v? — u? =24l (i) o - ut=2[0)? - u’]
where [ =length of train nz U+ ul
2_ .2 ! B e
and vVi-ut=2. )

From eqs. (i) 4nd (ii)

(v’)2 —1?=al

....(ii)
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Newton’s Laws of Motion and Friction

Syllabus: Force and inertia, Newton's laws of motion, conservation of linear momentum, inertial frames of references, static and kinetic

friction, laws of friction, rolling friction.

Review of Concepts

1. Concept of Force and net Force: Force is familiar
word in science. From your own experience, you know that
forces can produce changes in motion. If a force is applied to
a stationary body, the body comes in motion. It can speed up
and slow down a moving body or change the direction of its
motion. In nut shell, the force is cause of change in velocity
of the body. In other words, force is the cause of acceleration
of the body.

If a number of forces act on a body, the net or resultant
force on the body is vector sum of all forces.

Newton'’s second law gives a good relation between net
force and acceleration of body.

According to Newton’s second law of motion,

LF=ma

If the resultant force on the body is zero, body remains
either in rest or moves with constant velocity. A non-zero net
force is referred to as an unbalanced force. Unbalanced force
is cause of acceleration of the body.

2. Newton’s Second Law: The resultant force on a
body is equal to product of mass and acceleration of the
body. The direction of acceleration is same as the direction of

resultant force. Mathematically,
= =
F=ma

—F
Here, F=net force on the body
m = mass of the body

2= acceleration of the body

Application of methods using Newton’s second law of

motion : _

(i) Concentrate your mind on the body which is
considered by you.

(ii) Make a separate sketch for the considered body.

(iii) Show all forces acting on the body.

(iv) Reduce the considered body to a single point (point
mass) and redraw the forces acting on the body,
such that tails of all force vectors are on the point
mass. This is known as free body diagram.

(v) Choose a co-ordinate system for the problem whose
origin is at the point mass.

(vi) Find X F,, X F,and X F,.

(vii) Write Newton’s second law for each of the
co-ordinate system.

ie., >F.=nma, X Fy =ma

Yy

Y F,=ma,

Case I: Free body diagram of connected bodies on a
horizontal smooth surface.
Situation: Two blocks of masses m; and m, are

connected by a massless string (shown in figure).

msz my —a F

Solution : Draw force diagram of each block :

T N> N»
my ) mz T
l |

mag mzg

Force diagram Free body

of my diagram of m,

1\ N1 N1
T T
- m |—»F F

l s

1mg msg

Force diagram Free body
of m, diagram of m,

Case II: Choose co-ordinate system and apply
Newton’s second law :

For my: 2Fy=Ny-myg : y

Since, both bodies move in
horizontal direction (along x-axis), x' X
hence, y-component of acceleration of
both blocks should be zero.

i y

ay=0
ZFy=may

Ny—mpg=mx0=0

Ny=myg8
Also, YF,=F-T=may,
F-T=myay, (i)

Similarly for my,

A b Sl o U




Newton’s Laws of Motion and Friction

2F,=0
Ny-mg=0
Ny=mg
and L E=ma,
T =maq, ..(ii)

Since, the length of string remains constant,

Ax=a2x =4
F-T=mpm ...(iii)
and T=ma ..(iv)

From equations (iii) and (iv)

or F-miua=mpa
= = F |
mi+my
mlF
Also, T=mya=
mi+my

Alternative method : Since, the accelerations of both
blocks are same, so, they are taken as a system.

TN

mq + My

l

(mq + mp)g

= 7

From the force diagram (shown in figure),

N=(mi+my) g
and F=(mi+my)a
F
a=
mi+mp

3. Newton’s Third Law of Motion: Newton’s third law
of motion is often called the law of “action and reaction”. For
a simple introduction to the third law, consider the forces
involved in kicking a ball by foot. If you kick a ball by your
foot, the pain you feel is due to the force that the ball exerts
on your foot.

From this point of view, it is obvious that a force acting

on a body ‘s al'vays the result of its interaction with another
body.

71

The direction of force which exerts by you on the ball is in
the opposite direction to the force that ball exerts on your foot.
This type of pair of forces is known as action-reaction pair. If
you kick forcely the ball, you feel more pain. This is due to
increase in the force which is exerted by ball on your foot.

It means, when action force increases, reaction foice also
increases. It shows that whenever two bodies interact, then
two forces (action and reaction) that they exert on each other
are always equal in magnitude and opposie in direction.

Statement of Newton’s third law: “If a force is exerted
on block A by block B, then a force is also exerted on block
B by block A.”

These forces are equal in magnitude but opposite in
direction. '

4. Different Types of Forces in Nature :

my

O ’

(M (2)
Gravitational force: The force of attraction between
bodies by virtue of their masses is known as
gravitational force.

Let two blocks of masses my and m; are separated by

Fzy mo

(a)

a distance 7. -

The force on block 1 by block 2 is Fy; acting towards

my along line joining n _:_a)nd my. Similarly, the force
. on block 2 by block 1 is Fj acting towards m; along

line joining m, and m; (as shown in figure)

From the concept of Newton'’s third law,

— —
Fi2=-Fy
In the sense of magnitude,
Gmlmz
Fp=Fy=F= =i

Here G =gravitational constant = 6.7 x 107! Nm?/kg?

(b) Weight of body (mg): It is defined as the force by
which earth attracts a body towards its centre. If
body is situated either on the surface of earth or near
the surface of earth, then gravitational acceleration is
nearly constant and is equal to

g=98 m/s%. . The force of m
gravity (weight) on a block of T
mass m is w=mg acting

towards centre of earth

(shown in figure)

mg

(c) Electromagnetic force

! ! } }

Electrical Magnetic Force of Spring
force force tension force
Coulomb Electrical force

force in electrical field

Normal
reaction

& | ! |

Force of Viscous Buoyancy
friction force force
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(A) Electrical force :

(i) Coulomb force or force of electrostatic interaction
between charges: The force of interaction between
two particles by virtue of their charges is known as
electrostatic force of interaction. The force of
elegtrostatic interaction takes place along the line
joining the charges.

Some Important Points :

(i) Like point charges repel each other.

@ o ki A "k i
“F = = »Fa
Y s
e Fyi2=--Fy2
-9 -9 =y
(b) = . . 2,
= F_:9.=" ':_1)2

(ii) Unlike point charges attract each other.

+ q, F12 P o q2
positive Fa1
charge negative

=¥ = charge
F12 B= F12
(iii) The magnitude of force of electrostatic interaction is
9192
Fip—Fy -F-= 5
4megre
Here: L _9x10° Nm?/C?
4meg

(ii) Electrical force in an electric field: If a charged
particle A of charge g is placed in a region where an electric
field E created by other charges is present, the particle A

=)
experiences an electric force F=qE> The electric force on
positive charge is in the direction of electric field. But the
electric force on negative charge is in opposite direction of
electric field (shown in figure).

g —>
@—» F=qE F=gE=«—0
9 |solated qIsolated

positive charge negative charge

(B) Magnetic force on a moving charge in an magnetic
field B : The magnetic force an a charged particle of charge

N = Jors
g is given by F=qv'x B.

(C) Normal reaction force: If two blocks come in
contact, they exert force on each other. The component of
contact force perpendicular to the surface of contact is
generally known as normal reaction.

For a simple introduction to the normal reaction force,
consider a situation in whch you put a book on your head
and continue your stationary position. In this case, the pain
you feel is due to the force that the book exerts on your head.

Newton’s Laws of Motion and Friction

In the language of physics, the book exerts a force on your
head normal to the surface of contact in downward direction.
According to Newton's third law of motion, the head exerts
a force of same magnitude on the book normal to the surface
of contact in upward direction.
These forces are known as normal reaction forces.
Normal reaction forces in different situations :

(i) AN
. 4
A333335 3005033033838 %2203Y
Direction of normal Direction of normal
A3333331]) . .
B2 reaction on reaction
the block on surface
(i)
N
——
< 2]
I3 NRARARARARARARARRN AR REARE AR AR RE

Direction of normal
reaction on the block

Inclined plane

N
YN
N
/{6 f : Normal reaction on

AR AR AR RN AR URANY horizontal surface
Direction of normal reaction

on the inclined plane
The number of normal reaction pairs is equal to number
of contact surfaces.

(iii)

in

lmle Ne
A m, = B
SR EREEREEGEEEARR BB
l Na
w
A 1

T

The normal reaction on upper block is in upward direction
and normal reaction on lower block is in downward
direction.

(iv)

wall Nz
Sphere — N
N ‘

TONELy TRy . UL TR

eSO~ Ry

R R AT S S T

T Y R R~ D R P R N Sy P )



Newton’s Laws of Motion and Friction

v)

(vii)

— Ny
N>
N, \ N

(D) Spring force: Coiled metallic wire is known as
spring. The distance between two successive coillsions in a
spring remains the same. If a spring is placed on a smooth
surface, the length between ends of spring is known natural
length (shown in figure).

L TOUO000000 —

FLTLELERARARANAENL)

As you may have discovered itself, springs resist
attempts to change their length. If the length of spring is
greater than its natural length, the spring is in the condition
of elongation (shown in figure ahead). If the length of spring
is lesser than its natural length, the spring is in the condition
of compression (shown in figure ahead). In fact, the more you
alter a spring’s length, the harder it resists. From this point
of view, spring force increases, when. elongation -or
compression increases.

73
For small elongation or compression of spring, spring
force is proportional to its elongation or compression.
ie., Fex
F=kx
where k is proportionality constant known as spring
constant or stiffness constant. Its unit is N/m. The

direction of spring force is always towards the natural length
of spring.

3] - L+x—] —L-x—

— 0000000 — 0000000 — =0000000—
Spring in natural ~ Spring in the condition Spring in the condition

length of elongation of compression

(@ (b) (©

L+x—] —L —x—

L—

F=0

]

F = kx 4-—_m_|

F kKX =
— oo —| "

No spring force

Spring force on the
body is leftward

Spring force on the

on body body is rightward
{d) (e) U]

5. Combination of Springs:
(i) Springs in series:

1 1.1.1
Kk Kk ks




74
k= k1 TR k2
In general, k=ky+ky+ks+...
(iii)y
K
k
— :
kz
k=ki+k

(iv) If spring of spring constant k and length I is cut into
two pieces of length I, and [, then

el
ll+12

1
kl ocl—

ko=

(v) If spring is massive then the effective mass of

N0 : .
spring is —~ where 1 is mass of spring.

Massless + M\

—fowotrooxl—_|—>

6. String : If a block is pulled by a string, the string is
in the condition of tension (shown in figure)

’—fommvox'_l_.

Massive spring

A 7

Block

From microscopic point of view, the electrons and
protons near point A of string exerts forces on electrons and
protons of the block. According to Newton’s third law of
motion electrons and protons of the block exerts same
magnitude of force on electrons and protons near point A of
the string. These forces are cause of tension in the string. This
is why, force of tension is an example of electromagnetic
force.

String

! }

Massless string Massive string

(a) Massless string: In the cae of massless string, the
tension, every where remains the same in it.

Newton’s Laws of Motion and Friction

(b) Massive string : The tension in massive rope varies
point to point.

Some Important Points :

(a) If string, slacks, tension in string becomes zero.

(b) The direction of tension on a body or pulley is
always away from the body or pulley.
The directions of tension in some cases are shown
below :

il 1
Fee | M2 | = m

1333132133431 arTminn

my m,

T T

T

(id)
. —
T T

Mg

=

Spring is massless
and pulley is my My my
light and smooth

(iii)

String is massless
and pulley is
light and smooth

! Ty T ﬁ T
my my
Pulleys are light and Tz

smooth and string é Tz
| is massless My

T
¥
m; | —
mz

)

—f

|

P R v IO~

ey sl amime o
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Newton’s Laws of Motion and Friction

(vi)
T'I
T$ 4 TZ
FTE
String is massless and
there is friction between
string and pulley
(vii)
T,. Ty
m, my F=
rs

my

String is massless
and there is friction between
pulley and string

If m, tends to move downwards, then
Tz > Tl and T2 = T1e He

where 1 = coefficient of friction
o = angle subtended by string at the centre

of pulley

(viii)

i}
String is massless and

there is friction between
pulley and string

Discussions :

(i) Momentum = p’=mv’

(i) Change in momentum is known as
Impulse = }_)?— n=mV-uw)=FAt
(iii) If mass and velocity both are variable;
gL dP_padm  dv

F=r=V at*™a
(ivy If mass__g)f body remains constant
F=ma’

A,
To
h

where m = mass of body, a = acceleration of body

(v) Motion of connected bodies.

(a) Unequal masses (mj>mj) suspended from a

pulley:

75
m p—
Acceleration=a = (1_m2)g_
(my + my)
2
Tension=T= (_'"L]
my +my

(b) Bodies accelerated on a horizontal surface by a
falling body:

(@)

mig—T=ma ...(ii)

' m
Acceleration=a= [ ! J g
my +my

. mymy
Tension=T=|———

my+my
7
(c) Motion on a smooth inclined plane:

mygcosh mig

m,g
myg—-T=ma ()
T-mygsin®=mxu ... (ii)
my — my sin 0
az( my +my ]

AN 4
mymy (1 +sin @) g
T=
(my + my)
(vi) Apparent weight of a moving lift:
(a) The weight that we feel is the
normal force and not the actual
weight. N
(b) If lift is moving upwards with
constant acceleration ay :

and

A8,

m

e
N=mg +mag=mg ]+En] mg

Here apparent weight (ie., N) is greater than the

actual weight (i.e., mg).

(c) If lift is accelerated downwards
with constant acceleration ag :

N=mg[l—?]

O




Here apparent weight is lesser than the actual weight.
In this case, if ay=g (Free fall)

N=0 (weightlessness)

Some Important Points :

(i) Normal reaction and weight of the body are not
action-reaction pair.

(ii) When F increases, normal reaction shifts from
centre of mass to right. At the time of toppling,
normal reaction acts through point A. Also, the net
force on the body gives acceleration of the centre
of mass.

(iii) - The number of .
normal forces acting 5
is equal to the number
of points or surfaces
in contact. SRR T e

(iv) If the body is in rest
with respect to the surface, then f, < uN.

(v) If the body is just in motion, then f, = p.N

w

(vi) If the body is in motion, then f, =N

(viil) If some bodies have same accelerations, then they
are taken as a system. If they do not move
together, bodies are not taken as a system.

(viii) During walking on ice, it is better to take short
steps.

(ix) The force of friction during pushing is greater
than that of pulling in the same manner.

(x) The mass is measure of inertia of the body.

(xi) It is misconception to say that friction always
opposes the motion of the body. It only opposes
the relative motion between surfaces.

(xii) Monkey climbing a rope:
Case I: When monkey moves up with
constant speed:

In this case, T=mg
where m = mass of the monkey,
T = tension in the rope.
Case II: When monkey is accelerated Monkey
upwards,
T-mg=ma
Case III: When monkey accelerated
downwards,
mg~T=ma
(xiii) Gravitational force: Electromagnetic force:
Strong force : Weak force =1: 10%:10% : 10%.
(xiv) If a body is in rest on a rough surface and no
pulling force is applied, then the force of friction
on the body is zero.
(xv) For the equilibrium of a
body on an inclined
plane,
mg sin 6 = pmg cos 6
= g =tan 6 L
this case,

O<ps<1

Newton’s Laws of Motion and Friction

(xvi) When two surfaces roll on each other (as in case
of ball bearings), the rolling friction comes into
play.

(xvii) The force acting on my is f, = uymyg.

If the system moves with the common acceleration,
then '

Hz\ My
u1\[ my ]—+F
S T N R T

F—py (m +mp)g=(my+my)a

fr=maa
Uamipg = mza
a=ir g

(xviii) If force is applied on upper block :
fo=limiting friction between m; and my = pym,g.
f1 =limiting
friction  between

the surface and UE\ M2 F
my=Hy (my+my)g
Hq my
If F>f;, then both
blocks move with ~-o~ N

different acceleration and the maximum friction
acts between the blocks.

F—fy=my, N,
F — pomyg = moa, L
Ny =myg
Ni=Ny+mg fre— SRR =2 F
=(my+my) g T
f=mN m,g
=Wy (m+myg
fa=Hymog

If f, < f1, then m; remains in rest.
If £, > f1, then m; moves in the direction of f;.

f-fi=ma

Nag lN
2
m

l._x . \
mig

If F <f,, then no relation is found between m; and m,.
ie., my and mp move together.

If F <f; then the system is in rest.

If F > fy, the system moves with the common acceleration
a. In this case,

-+,

-




Newton’s Laws of Motion and Friction

F-fi=(mi+mpa

or F- My (mq+my) B= (1711 +l7'nz) a

(xix) The ratio of masses on an inclined plane: The
coefficient of friction = p.

(a) When m; starts moving downwards, then

i i
—>sin@+ U cos O
ma

(b) When m, starts moving downwards,

my .
—>sin@ - cos O
ms

m
{c) When no motion takes place, m—1= sin 6.
2

(xx) Frictional force does not depend upon the area of
contact. The microscopic area of contact is about

10~ times the actual area of contact.
| Ll

{xxi) Blocks in contact on an inclined plane:

77

In this type of problem, find the accelerations of
blocks without contact.

(a) If ay>ap, then both blocks move separately
with respective acceleration a; and a;.
{b) Ir ua <4y, then both blocks move together with

a common acceleration a.
In this case, both blocks are treated as a system
of mass (m +my)

(my + my) g sin 6 — Hymqg cos 8 — Lpmyg cos B
=(my+my)a

(xxii) To solve the problem involving the motion of a
particle, we can use

F= m (ax—i-’+ ay?+ aZT())

using normal and tangential components, we had

dt
where p = the radius of curvature.
(xxiii) In many problems involving the plane motion of
a particle, it is found convenient to use radial and
transverse components. In this method,

&#r (de
e (5]

2
3 E=m22, 3 F,,:-"ipv—

Objective Questions

Level-1
1. A ship of mass 3 x 10 kg initially at rest is pulled by a (@) mg ®) mg
force of 5 x 10* N through a distance of 3 m. Assume that cos 8
the resistance due to water is negligible, the speed of the (c) mgtan® (d) mgcos

ship is :

(a) 1.5 m/s (b) 60 m/s

(c) 0.1 m/s (d) 5m/s

. A young man of mass 60 kg stands on the floor of a lift
which is accelerating downwards at 1m/s* then the
reaction of the floor of the lift on the man is:
(Take g =9.8 m/sz)
(a) 528 N

(c) 546 N

. Ablock of mass M is kept on a smooth inclined plane of

inclination 6. The force exerted by the plane on the block
has a magnitude :

(b) 540 N
(d) none of these

4. A block of mass M is suspended by a string A from the

ceiling and another string B is connected to the bottom
of the block. If B is pulled on steadily :

(a) A breaks earlier than B

(b) B breaks earlier than A

(c) both break simultaneously

{(d) not possible to say which one will break earlier

5. A machine gun fires 10 bullets per second, each of mass

10 g, the speed of each bullet is 20 cm/s, then force of
recoil is :

(a) 200 dyne
(c) 20 dyne

{b) 2000 dyne
(d) none of these
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10.

11.

12,

13.

14.

. A block of mass 2 kg is placed on the floor. The

coefficient of static friction is 0.4. If a force of 2.8 N is
applied on the block parallel to floor, the force of friction

between the block and floor is (take g =10 m/sz) 2

(a) 28 N (b) 8N

(c) 2N (d) none of these

Twa bodies having masses m;=40g and m;=60g are
attached to the end of a string of negligible mass and
suspended from massless pulley. The acceleration of the
bodies is:

(a) 1 m/s? (b) 2 m/s’

(c) 0.4 m/s® (d) 4 m/s’

The ratio of the weight of a man in a stationary lift and
when it moving downwards with uniform acceleration
a is 3 : 2 then the value of 4 is:

@ 58 ® 5
© g @) 2¢

In a rocket fuel burns at rate 1 kg/s and ejected with
velocity 48 km/s, then the force exerted by the exhaust
gases on the rocket is:
(a) 48000 N

(c) 480N

An open knife edge of mass 200 g is dropped from height
5 m on a cardboard. If the knife edge penetrates distance
2 m into the cardboard, the average resistance offered by
the cardboard to the knife edge is:

(@) 7N (b) 25 N

() 35 N (d) none of these

A block is released from top of a smooth inclined plane. It
reaches the bottom of the plane in 6 sec. The time taken by
the body to cover the first half of the inclined plane is :

(@) 3 sec (b) 4 sec

(c) 3V2 sec (d) 5 sec

A disc of mass 100 g is kept floating horizontally in air
by firing bullets, each of mass 5 g with the same velocity
at the same rate of 10 bullets per second. The bullets
rebound with the same speed in opposite direction, the
velocity of each bullet at the time of impact is:

(a) 196 cm/s (b) 9.8 cm/s

(c) 98 cm/s (d) 980 cm/s

A block of mass 10 kg is kept

on a horizontal surface. A force

F is acted on the block as M
shown in figure. For what
minimum value of F, the block will be lifted up ?
(@) 98 N (b) 49N

(c) 200 N (d) None of these
Figure shows a block of mass
m kept on inclined plane with
inclination 6. The tension in the
string is:

(b) 48 N
(d) none of these

#F
5307

15,

16.

17.

18.

19.

20.

21,
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(b) 10 N
(d) zero

(@) 8N
(c) 08N
Two blocks of masses my=4kg and m;=2kg are
connected to the ends of a string which passes over a
massless, frictionless pulley. The total downward thrust
on the pulley is nearly :
(@) 27 N

() 27 N

Three blocks of masses m;, m; and mj3 are connected with

(b) 54 N
(d) none of these

weightless string and are placed on a frictionless table.
If the mass mg3 is dragged with a force T, the tension in

the string between m; and mj is:

Tm3 Tmz
() my + (B
1+my+my My + My + Mz
(ml + m2)T
(e (d) none of these
my +my + My

A body weighs 8 g when placed in one pan and 18 g
when placed on the other pan of a false balance. If the
beam is horizontal when both the pan are empty, the true
weight of the body is:

(@) 13 g (b) 12 g

(c) 155 g (d) 15g

A rod of length L and weight
W is kept horizontally. A small
weight w is hung at one end. If

-
[ -

VAN

g

- — X - /
the system balances on a O
fulcrum placed at T then: W
L ___WL
(a) x=75 ®) *=owW+w
(c) x =w7:,“- (d) none of these

A rope of length L is pulled by a constant force F. What
is the tension in the rope at a distance x from the end
when the force is applied ?

- F
@) £E=2 b) T

(e @) =

L-x

Two blocks of masses 5 kg and 10 kg are connected by a
massless spring as shown in figure. A force of 100 N acts
on the 10 kg mass. At the instant shown the 5 kg mass

has acceleration 10 m/s% The acceleration of 20 kg mass
is :

100 N
5kg [~ UUO0000 | 10 kg —>-

(a) 10 m/s*
(c) 2 mv/s?
Two blocks of masses 6 kg and 4 kg are connected with
spring balance. Two forces 20 N and 10 N are applied on
the blocks as shown in figure. The reading of spring
balance is :

(b) 5m/s*
(d) none of these

N R BT~ B s
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22,

23,

24,

(c) 50N

-«— Bkg JUUU&UUU\— 4kg —
F=20N et F=10N
(a) 14 N (b) 20 N
() 6 N (d) 10N

Three blocks of masses mj, my and ma are placed on a

horizontal frictionless surface. A force of 40 N pulls the
system then calculate the value of T, if m;=10kg,

m2=6kg, m3=4kg:

my Mz M3
T
10 kg «— 6kg — 4kg
(a) 40N (b) 20 N
(c) 10N (d) 5N

A block A of mass 2 kg rests on another block B of mass
8 kg which rests on a horizontal floor. The coefficient of
friction between A and B is 0.2 while that between B and
floor is 0.5. When a horizontal force 25 N is applied on
the block B, the force of friction between A and B is:
(b) 39N

(d) 499N

A heavy uniform chain lies on a horizontal top of table.
If the coefficient of friction between the chain and the
table is 0.25 then the maximum percentage of the length
of the chain that can hang over one edge of the table is :

(a) zero

Level-2
5.

Newton’s Laws of Motion
Two bodies have same mass and speed, then:
(a) their momentums are same
(b) the ratio of momentums is not determined
(c) the ratio of their magnitudes of momentum is one
(d) both (b) and (c) are correct.

Mark correct option or options :

(a) The body of greater mass needs more forces to move
due to more inertia

(b) Force versus time graph gives impulse

() Microscopic area of contact is about 107 times actual
area of the contact

(d) All of the above

In the superhit film ‘Raja Hindustani’, Amir Khan greets

his beloved by shaking hand. What kind of force do they
exert ?

(a) Nuclear

(c) Weak

Impulse indicates :
(a) the momentum generated in the direction of force

(b) Gravitational
(d) Electromagnetic

(b) the combined effect of mass and velocity

(c) the main characteristics of particle nature
(d) both (b) and. (c) are correct

25.

26.

27.

28.

(a) 20% (b) 25%

{c) 35% (d) 15%

A block- of mass 4 kg is kept on a rough horizontal
surface. The coefficient of static friction is 0.8. If a force
of 19 N is applied on the block parallel to the floor, then
the force of friction between the block and floor is:

(a) 32 N (b) 18 N

(c) 19N (d) 9.8 N

A chain lies on a rough horizontal table. It starts sliding
when one-fourth of its length hangs over the edge of the
table. The coefficient of static friction between the chain
and the surface of the table is:

(@) (b)

(© (d

A block of mass 0.1 kg is held against a wall by applying
a horizontal force of 5 N on the block. If the coefficient
of friction between the block and the wall is 0.5, the
magnitude of the frictional force acting on the block is:
(a) 25N (b) 098 N

(c) 49 N (d) 049 N

A block is moving up an inclined plane of inclination
60° with velocity of 20 m/s and stops after 2.00 sec. If

= P
Uil =

g=10m/s? then the approximate value of coefficient of
friction is :
a) 3

(c) 0.27

(b) 3.3
(d) 033

A heavy block of mass m is supported by ;

a cord C attached to the ceiling, and C
another cord D is attached to the bottom of

the block. If a sudden jerk is given to D,

then : m
(a) cord C breaks

(b) cord D breaks

(¢) cord C and D both break

(d) none of the cords breaks D

At time f'second, a particle of mass 3 kg has position
vector T metre where P=3t1- 4 cos tj. The impulse of

the force during the time interval 0 <¢ <% is:

(a) 12] N-s (b) 97 N-s

() 4)N=s (d) 147 N-s

A parrot is sitting on the floor of a closed glass cage
which is in a boy’s hand. If the parrot starts flying with
a constant speed, the boy will feel the weight of cage as
(a) unchanged

(b) reduced

(c) increased

{(d) nothing can be said




80

8. A particle is acted by three forces as shown in the figure.
Then :

C -
Fi
F Fo
A — »B .
Fa

L

Fa

(a) the resultant force on the particle may or may not be
zero

(b) the particle must be in rest

(c) the direction of acceleration is in indeterminate form

(d) the particle moves with variable velocity

9. If F=Fy(1—¢"'"), the F-t graph is:

10. A particle of mass m is moving under the variable force

F If IFI is constant, then the possible path of the
particle can never be:
(a) rectilinear
(c) parabolic

(b) circular

(d) elliptical

11. A particle is acted upon by a force of constant magnitude
which is always perpendicular to the velocity of the
particle. The motion of the particle takes place in a plane.
It follows that:
(a) its velocity is constant
(b) its kinetic energy is constant
(c) it moves in a circular path
(d) both (b) and (c) are correct

12. A particle of mass m moves on the x-axis as follows. It
starts from rest at £ =0 from the point x=0, and comes
to rest at £ =1 at the point x =1. No other information is
available about its motion at intermediate time
(0<t<1). If a denotes the instantaneous acceleration of
the particle, then:
(@) o cannot remain positive for all ¢ in the interval

0<t<1

(b) | al cannot exceed 2 at any point in its path
(c) | al be >4 at point or some points in its path
(d) both (a) and (c) are correct

Newton’s Laws of Motion and Friction

13. A 0.1 kg body moves at a constant speed of 10 m/s. It is
pushed by applying a constant force for 2 sec. Due to this
force, it starts moving exactly in the opposite direction
with a speed of 4 m/s. Then:

(@) the deceleration of the body is 7 m/s

(b) the magnitude of change in momentum is 1.4 kg-m/sec
(c) impulse of the force is 1.4 Ns

(d) the force which acts on the ball is 0.7 N

(e) all of the above

14. Water jet issues water from a nozzle of 2cm?
cross-section with velocity 30 cm/s and strikes a plane
surface placed at right angles to the jet. The force exerted
on the plane is:
(a) 200 dyne
(c) 1800 dyne

15. Mark correct option or options :

(a) The normal reaction and gravitational force on a
body placed on a surface are action-reaction pair

(b) The normal reaction on a body placed on a rough
surface is always equal to weight of the body

(b) 400 dyne
(d) none of these

© ?=u?+ 2gh is always applicable to a falling body on
the earth in the absence of air
(d) All are wrong
16. The action and reaction forces referred to Newton'’s third
law of motion :
(@) must act upon the same body
(b) must act upon different bodies
(c) need not to be equal in magnitude but must have the
same line of action
(d) must be equal in magnitude but need not have the
same line of action
17. Choose the correct option or options :
(a) Tension force always pulls a body
(b) Tension can never push a body or rope
{c) Tension across massless or frictionless pulley remains
constant
(d) Rope becomes slack when tension force becomes zero
(e) All of the above
18. A man is pulling a rope attached to a block on a smooth
horizontal table. The tension in the rope will be the same
at all points :
(a) if and only if the rope is not accelerated
(b) if and only if the rope is massless
(c) if either the rope is not accelerated or is massless
(d) always
19. A particle of :mass m moves on the x-axis under the
influence of a force of attraction towards the origin O

given by F=—£_I?If the particle starts from rest at
x

x =a. The speed it will attain to reach at distance x from
the origin O will be :

212
OREI ®) [“;"]

= 12
© \l% [;af_a] () m [a‘;x]

o s Bt T s
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20.

21.

22,

23.

24

A particle is on a smooth horizontal plane. A force F is
applied whose F-t graph is given. Then:

(@) at t; acceleration is constant

(b) initially body must be in rest
(c) at #y, acceleration is constant
(d) initially acceleration is zero
(e) both (c) and (d) are correct

A force F is applied to the initially stationary cart. The
variation of force with time is shown in the figure. The
speed of cart at t =5 sec is:

50
T i Parabolic

1
i
3
1
1

F
10kg |—» F (V)

TS 5 t(sec)-—»
(a) 10 m/s (b) 833 m/s
() 2m/s (d) zero
The mass m is placed on a body of m
mass M. There is no friction. The
force F is applied on M and it M |—»F
moves with acceleration 4. Then

the force on the top body is:

(@) F (b) ma

(c) F-ma (d) none of these

Two bodies A and B of masses 20 kg and 10 kg
respectively are placed in :
contact on a smooth horizontal A
surface (as shown in the figure)

A force of 10 N is applied on i
either A or B in comfortable Z
manner.

Then the force F must be applied on:

(@ A (b) B
(c) either A or B (d) all
Three identical blocks each

of mass M are along a
frictionless table and a
force F is acting as shown. N B
Which of the following

statements is false ?

(a) The net vertical force on block A is zero

(b) The net force on block A is F/3

(c) The acceleration of block C is F/3M

(d) The force of interaction between A and B is 2F/3

B
10kg

25,

26.

27,

28.

29,

30.
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In the given arrangement, # number of equal masses are

connected by strings of negligible masses. The tension in

th mass is:

the string connected to n
n 4 3 2 1

mMg mMg
(@) nm+M (b) nmM
(c) mg (d) mng

A 40 N block is supported by two ropes. One rope is
horizontal and the other makes an angle of 30° with the
ceiling. The tension in the rope attached to the ceiling is

approximately :
(a) 80N (b) 40 N
(c) 346 N (d) 462 N

A weight W is suspended from the midpoint of a rope,
whose ends are at the same level. In order to make the
rope perfectly horizontal, the force applied to each of its
ends must be:
(a) less than W
(c) equal to 2W
In the given figure, pulleys and strings are massless. For
equilibrium of the system, the value of o is-

(b) equal to W
(d) infinitely large

(a) 60°
(c) 90°
A ring of mass 5 kg sliding on
a frictionless vertical rod is
connected by a block B of mass
10 kg by the help of a massless
string. Then at the equilibrium
of the system the value of 9 is:
(a) 30° (b) 60°
(c) 90° (d) 0°
A body of mass 10 kg is to be raised by a massless string
from rest to rest, through a height 9.8 m. The greatest
tension which the string can safely bear is 20 kg wt. The
least time of ascent is :
(a) 2 sec

(<) 4 sec

(b) 30°
(d) 120°

RN ()

(b) 3 sec
(d) none of these




82

% 31..

*32.

* 33.

34.

* 35,

A body. of mass m is hauled from the earth’s surface by
applying a force

F=2@h-1) mg_)
where a is positive constant and h is height from the
earth’s surface.

1
(a) at height k= e the velocity of the body is maximum

(b) at height k =%f the velocity of particle is zero

(c) the motion of particle is oscillatory
(d) all the above are correct

Which of the following expressions correctly represents
T; and T; if the system is given an upward acceleration

by a pulling up mass A?

(@ Thy=Ms@-g)+Mp@a-yg),
T,=Mp@-g) Ma
(b) Ty=Mg (g-a) +Mp (g —a),
Ty=Mp(g-a)
(© T1=My(g+a)+Mp(g+7),
Mg

T =Mg(g+a)
(d) T1= MB(g+a)

A chain consisting of 5 links each of
mass 0.1 kg is lifted vertically with a
constant acceleration of 2.5m/s” as
shown in the figure. The force of
interaction between the top link and the

MA(g+a), T2=

—
—_
=

2
3
link immediately below it, will be :
(a) 6.15 N 4
(b) 492 N 5

(c) 3.69 N

(d) 2046 N

In the given figure :

(a) acceleration of m; and my are

same
(b) the magnitude of relative
acceleration of m; with respect

to m, is twice the magnitude

of acceleration of m;
(c) the velocity of m; and m; are

same
(d) the speed of m: and m, are not same
In the figure, the blocks A, B and C each of mass m have
accelerations 4y, a; and a3 respectively. F; and F, are
external forces of magnitude 2 mg and mg respectively.

* 36.

37.

39.

Newton’s Laws of Motion and Friction

Then :
(@) aj=ay=a3
(c) ay=ay, a;>a3

(b) a1>a3>a;
(d) a1>ap ay=u3

In the ideal case:

(a) magnitude of acceleration of A is sum of magnitude
of acceleration of B and C

(b) magnitude of acceleration of A is arithmetic mean of
magnitude of acceleration of B and C

(c) acceleration of pulley P is same as that of mass B

(d) if P is massless, net force on pulley is non-zero

The actual acceleration of body A is @ Then :

B =
PP ArLl S

(a) the acceleration of B is 2

(b) the acceleration of B is 22

(c) the magnitude of relative acceleration of B with
respect to A is V2@ s

(d) the momentum of A may be equal to that of B

. In the arrangement shown in figure,

pulleys A and B are massless and the

thread is inextensible. B
Mass of pulley C is equal to m. If friction

in all the pulleys is negligible, then A

(a) tension in thread is equal to %mg

(b) acceleration of pulley C is equal to @ C
8/2 (downward)

(c) acceleration of pulley A is equal to g (upward)
(d) acceleration of pulley A is equal to 2g (upward)

In the given ideal pulley system :

(a) tension in string is zero

(b) pulleys B and C rotate counter
clockwise and the pulley A clock-
wise

(c) A and B are same and is equal to g A

(d) all the above

my
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40.

41.

42.

43,

If the surface is smooth, the acceleration of the block
my will be :

@

@) b)

2 47111 + 1y ( ) 47111 +moy
2mig 2mg

(C) mi+ 47112 (d) my +my

Pulleys and string are massless. The horizontal surface is
smooth. The acceleration of the block A is:

F
@ .

F
© (@ 0
n-blocks of different masses
are placed on the frictionless
inclined plane in contact.
They are released at the
same time. The force of

interaction between (n - 1)th

and n'" blocks is:

(@ (my,_1-my)gsin® (b) zero
(c) mng cos @ (d) none of these

For the system shown in the figure, the pulleys are light

and frictionless. The tension in the string will be :

7 >
2 - 3 .
(a) 3 mg sin ] (b) 5 mgsin 0

©) % mg sin 8 (d) 2mgsin 6

44,

45,

46.

47.

48.
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In the given figure:

(a) both masses always remain in
same level

(b) after some time, A is lower than
B

(c) after some time, B is lower than
A

(d) no sufficient information

i
kt

verdm][m]
B A

Observer O is in a lift going upwards and O- is on the

ground. Both apply Newton’s law, and measure normal

reaction on the body :
a,

04 Q,

ml

(a) the both measure the same value

(b) the both measure zero

(¢) the both measure different value

(d) no sufficient data

A particle is found to be at rest when seen from frame
S; and moving with a constant velocity when seen from
another frame S,. Mark the possible points from the

following :

(a) both the frames are inertial

(b) both the frames are non-inertial

(c) S; is non-inertial and S, is inertial

(d) both (a) and (b) are correct

A block of mass 10 kg is suspended c—T—
through two light springs which are §
balanced as shown in the figure. Then:

{a) both the scales will read 10 kg

(b) both the scales will read 5 kg

(c) the upper scale will read 10 kg and the
lower zero

(d) the readings may be of any value but

their sum will be 10 kg

10kg
A block of mass m is suspended through
three light springs balanced as shown in the
figure: A

(a) the reading of A is greater than B
(b) the reading of B is greater than C
(c) the readings of A, B and C are the same
(d) the readings of A and C are not the same
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49,

50.

51.

52.

53.

54,

55.

56.

The normal reaction on a body placed in a lift moving
up with constant acceleration 2 mvs? is 120 N. Mass of
body is (Take g =10 m/s?)

(@) 10 kg (b) 15 kg

(c) 12kg (d) 5kg

A body is kept on the floor of a lift at rest. The lift starts
descending at acceleration a:

(a) if a>g, the displacement of body in time ¢ is ;gt2
&
(b) if a<g, the displacement of body in time ¢ is % gt

(c) if a > g, the displacement of body in time f is %at2

(d) if a<g the displacement of body in time f is

1 2
2(a+g)t

A block of mass m is moving or. a wedge with the
acceleratiorn 4. The wedge is moving with the
acceleration a,. The observer is situated on wedge. The
magnitude of pseudo forcz on the block is ?

(a) mag (b) may

) m (@]

A simple pendulum hangs from the roof of a moving
train. The string is inclined towards the rear of the train.
What is the nature of motion of the train ?

(a) Accelerated (b) Uniform

(c) Retarded . (d) None of above

A point mass m is moving along inclined plane with
acceleration a with respect '
to smooth triangular block.
The triangular block is
moving horizontally with
acceleration ay: The value of

(c) m af+a%

ais:
(a) gsinB+agcos 6

(b) gsin®-—-aycoso
() gcosB—aysin @ (d) gcos®—aytan 6
Two weights w1 and w;, are suspended from the ends of

a light string passing over a smooth fixed pulley. If the
pulley is pulled up with acceleration g, the tension in the
string will be:

4w 1w, 2w1w2
() — (b)
1+ W wy +wy
wy—wy W)
(C) wy) +wn (d) 2 (w1 = wz)

A uniform fine chain of length ! is suspended with lower
end just touching a horizontal table. The pressure on the
table, when a length x has reached the table is:

(a) mgx (b) 2mgx
(c) 3mgx (d) %

A uniform chain is coiled up on a horizontal plane and
one end passes over a small light pulley at a height ‘a’
above the plane. Initially, a length ‘b’ hangs freely on the

57.

58.

59.

60.

Newton’s Laws of Motion and Friction

other side. If b=2a:

(a) -the end descends with a constant acceleration g/3.

(b) the end descends with acceleration depends upon
hanging position

(c) acceleration can not be determined

(d) acceleration is variable

A mass m is placed over spring of spring constant k, the

acceleration of mass at the lowest

position is:

(@ g

(b) zero

(c) (%— g) where x is compression
in spri:1g

(d) none of the above

In the figure, the ball A is released

from rest when the spring is at its

natural length. For the block B of

mass M to leave contact with the

ground at some stage, the minimum

mass of A must be:

(a) 2M

(b)y M

M B
\C)2 7777777%7/77

(d) a function of M and the force
constant of the spring.

In , the given figure, the
inclined surface is smooth.
The body releases from the
top. Then:

(a) the body has maximum

velocity  just  before A /
striking the spring N &

(b) the body performs ° 9
periodic motion

(c) the body has maximum velocity at the compression
mg sin O

where k is spring constant

(d) both (b) and (c) are correct
Which of the following does not represent actual surface
of water ?

SR _ bl L ol B e aa, Pal e sl BR_age . &
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61. A vessel containing water is moving with a constant
acceleration as shown in figure. Which of the following
diagrams represents surface liquid ?

-

Friction

62. Mark correct option or options :
(a) Friction always opposes the motion of a body
(b) Friction only opposes the relative motion between
surfaces.
(c) Kinetic friction depends on the speed of body when
the speed of body is less than 10 m/s
(d) The coefficient of friction is always less than or equal
to one
63. A bicycle is in motion. When it is not pedaled, the force
of friction exerted by the ground on the two wheels is
such that it acts :
(a) in the backward direction on the front wheel and in
the forward direction on the rear wheel
(b) in the forward direction on the front wheel and in
the backward direction on rear wheel
(c) in the backward direction on both the front and the
rear wheels
(d) in the forward direction on both the front and the
rear wheels
64. If a body of mass m is moving on a rough horizontal
surface of coefficient of kinetic friction p, the net
electromagnetic force exerted by surface on the body is:

(@) mgV1+y? (b) pmg
(c) mg (d) mgN1-p?

65. A block is placed on a rough floor and a horizontal force
F is applied on it. The force of friction by the floor on the

block is measured for different values of F and a graph
is plotted between them, then:

(a) the graph is a straight line of slope 45°

(b) the graph is a straight line parallel to the F-axis

(c) the graph is a straight line of slope 45° for small F
and a straight line parallel to the F-axis for large F

(d) there is a small knik on the graph

66. When body is in rest in the condition of a horizontal
applied force, Then the slope of force-friction graph is:
@@ 1 (b) u
(c) O (d) -1

85
67. Look at the situation, when the body =

is in air and is moving with pure AJ—="®Y
translation. This situation is shown
in the figure. What happens when

: Vi S A
the body hits the surface ? Frictional surface
(a) Sliding friction will act in the in rest

68.

69.

70.

71.

72.

backward direction

(b) The velocity of the point of contact gradually
decreases

{(c) The sliding friction acts in such a way so as to try to
make the point of contact velocity of the body same
as that of the surface

(d) Both (a) and (b) are correct

Let F, Fy and f denote the magnitudes of the contact

force, normal force and the frictional force exerted by one

surface on the other kept in contact. If one of these is

zero, then :

(a) F>Fy (b) F>f

(c) FN—f<Fn+f (d) all the above

A car starts from rest to cover a distance s. The coefficient
of friction between the road and the tyres is . The
minimum time in which the car can cover the distance is
proportional to :

(@) n NORT.

() 1/n (d) 1/

A block ‘A’ of mass 2 kg rests on a rough horizontal
plank, the coefficient of friction between the plank and
the block = 0.2. If the plank is pulled horizontally with a

constant acceleration of 3.96 m/s’, the distance moved in

metre by the block on the plank in 5 second after starting

from rest, is:

(a) 25 {b) 25x0.98

{c) 25x1.98 (d) 0

A body of mass 2 kg is placed

on rough horizontal plane. The

coefficient of friction between

body and plane is 0.2. Then:

(a) body will move in forward
direction if F=5N

(b) body will be move in backward direction with

N
Z, 2 22Z
n=0.2

acceleration 0.5 m/s? if force F=3N
(c) If F=3 N then body will be in rest condition
(d) both (a) and (c) are correct

A block of mass m lying

on a rough horizontal Q
plane is acted upon by a \\
horizontal force P and )

iy |
another force Q inclined
at an angle 6 to the P—>—]
vertical. The block will 77
remain in equilibrium if
the coefficient of friction between it and the surface is :

N ]
Mol

-
SIS

() P+Qsind i Pcos6+Q
mg+Qcos O Y mg~Qsind
© P+Qcos® (d)M
mg+Qsind mg —Qcos 6
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73.

74.

75.

76.

77.

78.

Two Dblocks of masses
M=3kg and m=2 kg are in

contact on a horizontal table. m I

A constant horizontal force == e NN
F=5N is applied to block

M as shown. There is a constant frictional force of 2N
between the table and the block m but no frictional force
between the table and the first block M, then acceleration
of the two blocks is:

(a) 0.4ms> (b) 0.6 ms2

(c) 0.8 ms™ (d) 1 ms™

The coefficient of static friction between the bodies A and

B is 0.30. Determine minimum

F—> M

stopping distance that the body A
can have a speed of 70 km/h and
constant deceleration, if the body B is

not to slip forward, is: A Vo
(@ 3m (b) 30.3 m
(c) 70 km (d) 63 m

In the given figure force of friction on body B is:

A |—>F

| :
Smooth

(b) towards right
(d) no sufficient data

(a) towards left
(c) either left or right
In the given figure, the coeffi-

cient of friction between m1 and —

1y is B and m, and horizontal W m ——»F

surface is zero:

(@) if F>umpg, then relative S
acceleration is found 11,=0

between . and m,

(b) if F<pm;g, then relative acceleration is found
between m. and m,

(c) if F>um, g, then both bodies move together

(d) a and (b) are correct

Two blocks A and B of masses 4 kg and 3 kg respectively

rest on a smooth horizontal surface. The coefficient of

friction between A and B is 0.36. Then:

(a) the maximum horizontal force F which can be
applied to B so that there is no relative motion
between A and B is equal to 0.36 x3x9.8 N

(b) the maximum horizontal force F on B with no
relative motion between A and B is equal to
0.63x3x9.8N

(¢) the maximum horizontal force F which can be
applied to A (no force on B) with no relative motion
between A and B is 0.84 x3x9.8 N

(d) both (b) and (c) are correct

Consider the situa- tion shown in the figure. The wall is

smooth but the surfaces of A and B in contact are rough.

Then :

79.

* 80.

81.

82.

Newton’s Laws of Motion and Friction

(a) system may remain in equilibrium
(b) both bodies must move together
(c) the system cannot remain in equilibrium

(d) none of the above
[ I 2
1

NNNN ]\\\\

AN

The coefficient of static
friction between the two
blocks is 0.363, what is the

—»a

minimum acceleration of

block 1 so that block 2 does > T NRRNNEEESNANASSS
not fall ?

(a) 6ms™> (b) 12 ms™?

(c) 18 ms™ (d) 27 ms™?

A flat car is given ar .

acceleration  gg=2 m/s* r
starting from rest. A cable —»ag
is connected to a crate A [*O @]

of weight 50 kg as S

shown . Neglect friction between the floor and the car
wheels and also the mass of the pulley. Calculate
corresponding tension in the cable if p = 0.30 between the
crate and the floor of the car:

(a) 350 (b) 250

(c) 300 (d) 400

Two masses A and B of 5 kg and 6 kg are connected by
a string passing over a
frictionless pulley fixed at
the corner of table as
shown in the figure. The
coefficient of friction
between A and table is
0.3. The minimum mass
of C that must be placed
on A to prevent it from
moving is equal to:

(a) 15 kg (b) 10 kg

(©) S5kg (d) 3kg

In the given figure, the horizontal surface below the
bigger block is smooth. the co-efficient of friction
between blocks is . Then:

A‘m T




Newton’s Laws of Motion and Friction

83.

84.

85.

86.

87.

88.

(a) if block B slips upward, F is maximum
(b) if block B slips upward, F is minimum
(c) if block B slips downward, F is maximum
(d) if block B slips downward, F is minimum
(e) .both (a) and (d) are correct

In the given figure (Take g =10 m/s?):

#1=0.1{A 1kg f=10N

3kg] g=10m/s?

AR NN NSNS SSSS SN S NN ANNNN

(a) the acceleration of A and B are same to each other

. () the acceleration of A is 9 m/s?

(c) the acceleration of B, C and D are not same to each
other

(d) all bodies move with common acceleration

Two bodies of masses m1 and m, connected by an ideal

massless spring of constant k. The coefficient of friction

between the bodies and surface is p. The minimum force

required to shift the body m; is F. Then:

o m Jrooom{ ]

N RN

(a) the mass m. will first accelerate then deaccelerate

(b) the mass m; is first accelerated upto a maximum
velocity vy and then declerates to come to rest

(c) the mass m.1 will accelerate continuously

(d) both (a) and (b) are correct

Abody is in equilibrium on a rough inclined plane under

its own weight. If the angle of inclination of the inclined

plane is a and the angle of friction is A, then:

(a) a>A (b) a>r2

(c) a=A (d) a>A

For the equilibrium of a body on an inclined plane of

inclination 45°, the coefficient of static friction will be :

(a) greater than one (b) less than one

(c) zero (d) less than zero

Fine particles of a substance are to be stored in a heap

on a horizontally circular plate of radius a. if the

coefficient of static friction between the particles is k. The

maximum possible height of cone is:

(a) ak (b) %k

(c) alk (d) ak?

A body is moving down a long inclined plane of slope
37°. The coefficient of friction between the body and
plane varies as i =0.3x, where x is distance travelled
down the plane. The body will have maximum speed.

(sin37°=2 and g =10 m/s?)
gandg

89.

90.

91.

92.

93,

94.

87

(a) atx=1.16 m
(c) -at bottom of plane

(b) atx=2m

(d) atx=25m

A given object takes n times as much time to slide down
a 45° rough incline as it takes to slide down a prefectly
smooth 45° incline. The coefficient of kinetic friction
between the object and the incline is given by :

1
a = b =1——_,
(@ p - (b) u 2
(c)uz\!(l1 ] f.'d)u=\‘[1—i,"
Ve L
Two  blocks  having

masses m; and mp are
connected by a thread
and are placed on smooth
inclined  plane  with
thread loose as shown in
figure. When blocks are
released :

(a) thread will remain loose if m; <m;

(b) thread will remain loose if my <m;

(c) thread will remain loose for all values of . and m;
(d) none of the above

The coefficient of friction
between m, and inclined

plane is p (shown in the

figure). If —~ =sin 8
igure). mZ-sm 3

(a) no motion takes place
(b) m; moves downward
(c) m; moves upward

(d) no sufficient information

In the above question m starts coming down if :

m . my .
(a) —>sin@+pcos® (b) —<sin@+cos
ma ma

gy L Lo o
(¢) —=sin@+pcos® (d) —>sinO-pcosO
LLiy) m
In the above question, when m; starts coming down ?

mo m .
(@) —<sin®-pcos® (b) —>sinO—cosO
mp my

m
(c) m—] =sin@--pcos® (d) no sufficient information
2

A plank is required as a ramp where by people may get
up a one metre step as shown in the figure. What is the




88 Newton’s Laws of Motion and Friction

least length of wood you would consider suitable for this
purpose if the coefficient of friction between the person

and the plank is %? O

(@ 2m (®) 3m
() 4m (d) 5m

95. A heavy circular disc whose plane is vertical is kept at ]
rest on rough inclined plane by a string parallel to the
plane and touching the circle (shown in the figure). Disc
starts-to slip if :

-

(a) u<%tana (b) u>%tana

(c) p<tana (d) u>%tana

Answers

Level-1

1. (¢ 2. (a) 3. (d) 4. (a) 5. (b) 6. (a) 7. (b) 8. (b) 9. (a) 10. (a)
11. (o) 12. (d) 13. (c) 14. (d) 15. (b) 16. (c) 17. (b) 18. (b) 19. (a) 20. (b)
21. (a) 22. (b) 23. (a) 24. (a) 25. (q) 26. (b) 27. (b) 28. (c)

Level-2

1. (d) 2. (d) 3. (d) 4. (a) 5. (b) 6. (a) 7. (a) 8. (o) 9. (¢ 10. (o)
11. (d) 12. (a) 13. (e) 14. (c) 15. (d) 16. (b) 17. (d) 18. (c) 19. (a) 20. (e)
21. (b) 22. (d) 23. (a) 24. (d) 25. (a) 26. (a) 27. (d) 28. (a) 29. (b) 30. (a)
31. (d) 32. () 33 (b) 34. (b) 35 (b) 36. () 37. () 38 (d 39. (b) 40. (a)
41. (b) 42. (b) 43. (c) 4. (o) 45. (c) 46. (d) 47. (a) 48. (¢) 49. (a) 50. (a)
51. (b) 52. (a) 53. (b) 54. (a) 55. (c) 56. (a) 57. (c) 58. (c) 59. (d) 60. (d)
6. (@) 62. (b) 63 () 64. (@) 65 (d 66. (@ 67. (d 68 () 69. (d) 70. (a)
71. (d) 72. (a) 73. (b) 74. (d) 75. (b) 76. (d) 77. (d) 78. (c) 79. (d) 80. (b)
8. (a) 82. (¢) 8. () 84 (d 85 () 8. (@ 87 (@ 8. (d 89. () 9. (c
91. (a) 92. (a) 93. (b) 9. (c) 95, (a)

Solutions
Level-1
2 2
5. Timetaken for 1 bullet=— = (0)"=(10)"+2a x2
n
=200 35 mss?
Force = the rate of change of momentum =muon AT - <0 S
=10x 20 x10=2000 dyne This is total retardation due to gravity and air resistance.
. (mg —my) ~.Retardation due to air resistance
. DS
(my+mg)~ @ =g+a=(10+25 m/s? =35m/s?
_(60-40)x 10 Force due to air resistance = Ma’
G0 =200% 10 x35=7000x 103 =7 N
_20x10 ., 2 4
TT100 Tt 11. We get !=§ar2
3__mg . )
8. ) & o]
g et
3g-3a=2¢ = a=g Ll =12
10. Velocity acquired in falling through height k t 4 B s
el =3 =il = —=13
u=2gh =\2x 10x 5 = 10 m/s? h T4
Again v? = u? + 2us, e 3

', t2=\/1_8'=3*/2_sec




Circular Motion

Syllabus: Uniform circular motion and its applications.

Review of Concepts

(a) If a tube filled with an incompressible fluid of mass

(b)

(c)

(i,

~

m and closed at both
ends is rolated with
constant angular - !
velocity ® abov* an
axis passing through - S|

one end the. the force L
exerted by liquid at

the other end is [

1 2

> mLw®.

If a particle moves on a curved path and radial
acceleratinn is a function of time, then tangential
acceleration ¥nay or may not be the function of time.
If a particle moves on a curved path as tangential
acceleration is either constant or the function of time,
then the radial acceleration must be the function of
time. ‘

When a particle describes a i
horizontal circle on the smooth
inner surface of a conical
funnel as such the height of
the plane of circle above the
vertex of cone is h. Then the
speed of the particle is \/SI
Tangential acceleration changes
the magnitude of the velocity of
the particle.

Total acceleration 4 = \/a%-+ a

Regarding circular motion

following possibilities will exist :

(i) If a,=0 and ar=0, then 2=0 and motion is
uniform translatory.

(iiy If a,=0 and ar#0, then a =47 and motion is
accelerated translatory.

(i) If a.#0 but ar=0, then a=a, and motion is

uniform circular.

() ¢ a,#0 and ar#0, thena= \/a?‘ +a’ and motion

is non-uniform circular.

A cyclist moves on a curve leans towards the centre

to mainiain radial force from the frictional force. In

this case,

mo* D
pmg=="r = p=--

The angle of banking,

(h)
(i)
)

(k)
)

-
£

tan9=L
r

The maximum velocity of vehicle on a banked road
is Vrg tan 6.

The height of the outer edge over inner edge in a
road =h=1sin 8 where I is the width of the road.
When a vehicle is moving over a convex bridge, the
maximum velocity v=1\rg, where 7 is the radius of
the road.

When the vehicle is at the maximum height, reaction

2
N1=mg—ﬂ-

=
Ny

B
When vehicle is moving in a dip B, then
mv?
N2=mg+——;—

The weight that we feel is the normal force and not
the actual weight.
Centripetal force: Centripetal force can be expressed
as

=/ -

.
2 A nmu” A
F=—mm‘r=—mmzrr=—[ ; ]r

(i) If the body comes to rest on a circular path

ie., y-—) 0, the body will move along the radius
towards the centre and if a4, vanishes, the body
will fly off tangentially, so a taﬁgential velocity
and radial acceleration are necessary for
uniform circular motion.

(i) As F#0, so the body is not in equilibrium and
linear momentum of the particle does not
remain conserved but angular momentum is
conserved as the force is central i.e., T=0.

(iii) -In the case of circular motion, centripetal force
changes only the direction of velocity of the
particle.

PR S




Circular Motion

(m) Centrifugal force : )
(i) Centrifugal force is equal and opposite to
centripetal force.

- -

Centrifugal
force on string

\.\ ____ If mg
(if) Under centrifugal force, body moves only along
a straight line. It appears when centripetal force
ceases to exist.
(iii) In an inertial frame, the centrifugal force does
not act on the object.
(iv) In non-inertial frames, centrifugal force arises
as pseudo forces and need to be considered.
(n) When body losses the contact. normal force reduces
to zero.
(o) The concept of radius of curvature: The normal on
tangent at a point on the curve gives the direction of

radius.
372
dy

dy/dx?

Le, p=

Objective Questions

101
where p is radius of curvature.
3
my
P) P=——= =
| Fx vl

(q) Expression for the radius of curvature for a particle
at the highest point in the case of projectile motion:
u

r
— 3 U cCOSa
o ¥Ymg
mv*
e But v=ucoso
b
v ucos’a
or .
g g

where r is the radius of curvature.

(r) In vertical circular motion :
(i) critical velocity at upper most point v, = Vrg.
(ii) critical velocity at lowest point v, =V5rg.

(s) Maximum velocity for no skidding v, = Vurg.

A ’ rdg’
(t) Maximum speed for no over turning vy, = ( Z—hS]

where, i — height of centre of gravity.
d — distance between outer and inner wheels.

Level-1

1. A car moving on a horizontal road may be thrown out
of the road in taking a turn:
(a) by a gravitational force
(b) due to lack of proper centripetal force
(c) due to the rolling frictional force between the tyre

and road

(d) due to the reaction of the ground

2. When a body moves with constant speed in a circular
path, then:
(@) work done will be zero
(b) acceleration will be zero
(c) no force acts on a body
(d) its velocity remains constant

3. Two planets of masses m; and m; (m; > my) are revolving
round the sun in circular orbits of radii r; and
12 (r; > rp) respectively. The velocities of planets be v. and

vy respectively. Which of the following statements is

true ?

@ v1=1v; (b) vi>vy
(41 . 2

(c) <1y (d) ——

4. A national roadway bridge over a canal is in the form of
an arc of a circle of radius 49 m. What is the maximum

speed with which a car can move without leaving the
ground at the highest point ? (take g =9.8 m/s%)

(@) 19.6 m/s (b) 40 m/s

(¢c) 22 m/s (d) none of these

. A bucket full of water is rotated in a vertical circle of

radius R. If the water does not split out, the speed of the
bucket at top most point will be :

(@) VRg (b) V5Rg

(© \2Rg (d) V[g]

. In an atom two electrons move round the nucleus in

circular orbits of radii R and 4R respectively. The ratio of
the time taken by them to complete one revolution is :

@ o) T

(©

=00 [

@ 5

. When a simple pendulum is rotated in a vertical plane

with constant angular velocity, centripetal force is:
(a) maximum at highest point

(b) maximum at lowest point

(c) same at all points

(d) zero
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8.

10.

11.

12.

13.

14.

15.

16.

The wheel of toy car rotates about a fixed axis. It slows
down from 400 rps to 200 rps in 2 sec. Then its angular
retardation in rad/s” is :
(a) 200n
(c) 400 =
Two toy cars of masses m; and my are moving along the

(b) 100
(d) none of these

circular paths of radii 1 and r,. They cover equal
distances in equal times. The ratio of angular velocities
of two cars will be :
(@) my:my

() 1:1

A stone tied to the end of 20 cm long string is whirled
in a horizontal circle. If the centripetal acceleration is

(b) r1:12
(d) mqry:mory

9.8 ms™?, its angular speed in radian per sec is:
22
@ 7 (b) 7

(c) 14 (d) 20

A particle of mass 100 g tied to a string is rotated along
a circle of radius 0.5 m. The breaking tension of string is
10 N. The maximum speed with which particle can be
rotated without breaking the string is :

(@ 10 m/s (b) 9.8 m/s

(¢) 7.7 m/s (d) 707 m/s

A car wheel is rotated to uniform angular acceleration
about its axis. Initially its angular velocity is zero. It
rotates through an angle 8; in the first 2 sec, in the next
2 sec, it rotates through an additional angle 8,, the ratio

cf _62 is:

&
(@) 1 (b) 2
© 3 d) 5

A mass of stone 1 kg is tied at one end of string of length
1 m. It is whirled in a vertical circle at constant speed of
4 m/s. The tension in the string is 6 N when the stone
is at: (g =10 m/s?)

(@) top of the circle
(c) half way down

(b) bottom of the circle

(d) none of these

A car travels with a uniform velocity in north direction.
It goes over a piece of mud which sticks to the tyre, the
particles of the mud, as it leaves the ground are thrown :
(a) vertically downward (b) vertically upward

(c) -horizontally to north (d) horizontally to south

A chain of 125 links is 1.25 m long and has a mass of
2 kg with the ends fastened together. It is set for rotating
at-50 rev/s, the centripetal force on each link is:

(@) 3.14 N (b) 0314 N

(c) 314 N (d) none of these

A coin placed on a rotating turntable just slips if it is
placed at a distance of 8 cm from the centre. If angular
velocity of the turntable is doubled, it will just slip at a
distance of :
(@ 1 cm
(c) 4 cm

(b) 2 cm
(d) 8 cm

17.

18.

19.

20.

21.

22.

23.

24,

Circular Motion

The radial and tangential acceleration are represented by

a, and ar respectively. The motion of a particle will be

circular if :

(@) a,=0but g;#0 (b) a,=0and ¢,=0

(c) a,#0but g,=0 (d) a,#0 and ;20

A motor cyclist rides around the well with a round vertical

wall and does not fall down while riding because :

(a) the force of gravity disappears

(b) he loses weight some how

(c) he is kept in this path due to the force exerted by
surrounding air

(d) the frictional force of the wall balances his weight

The string of a pendulum is horizontal. The mass of bob

attached to it is m. Now the string is released. The

tension in the string in the lowest position, is:

(a) mg. (b) 2mg

(c) 3mg (d) 4mg

A stone of mass 1 kg tied to a light inextensible string of

length L =13—0 is whirling in a circular path of radius L in

vertical plane. If the ratio of the maximum tension to the
mininum tension in the string is 4, what is the speed of
stone at the highest point of the circle? (Taking

g=10m/s?)
(a) 10 m/s (b) 5¥2 m/s
(c) 103 m/s (d) 20 m/s

A wheel of radius R is rolling in a straight line without
slipping on a plane surface, the plane of the wheel is
vertical. For the instant when the axis of the wheel is
moving with a speed v relative to the surface, the
instantaneous velocity of any point P on the rim of the
wheel relative to the surface will be :

(@ v (b) v(1+cos6)

(c) vV2 (1 + cos6) (d) none of these

A small body of mass m slides down from the top of a
hemisphere of radius R. The surface of block and
hemisphere are frictionless. The height at which the body
lose contact with the surface of the sphere is:

@3R  ® IR ©3R (@ 3R

A thin circular ring of mass M and radius R is rotating
about its axis with a constant angular velocity o. Two
objects, each of mass m, are attached gently to the
opposite ends of a diameter of the ring. The ring now
rotates with an angular velocity :

Mo o (M-2m)
@ M+m ®) ~M12m)
2
o et

A heavy stone hanging from a massless string of length
15 m is projected horizontally with speed 147 m/s. The
speed of the particle at the point where the tension in the
string equals the weight of the particle is:

(a) 10 m/s (b) 7m/s

(¢) 12 m/s '(d) none_ of these




Circular Motion

25, A stone of mass 1 kg is tied to a string 4 m long and is

rotated at constant speed of 40 m/s in a vertical circle.
The ratio of the tension at the top and the bottom is:

(¢ =10m/s?)

Level-2

. In circular motion :

(a) radial acceleration is non-zero

(b) radial velocity is zero

(c) body is in equilibrium

(d) all of the above

. Mark correct option or options from the following :

(a) In the case of circular motion of a particle, centripetal
force may be balanced by centrifugal force

(b) In the non-inertial reference frame centrifugal force
is real force

(c) In the inertial reference frame, centrifugal force is
real force

(d) Centrifugal force is always pseudo force

. A particle is acted upon by a force of constant magnitude

which is always perpendicular to the velocity of the

particle. The motion of the particle takes place in a plane.

It follows that:

(@) its velocity is constant

(b) its acceleration is constant

(c) its kinetic energy is constant

(d) it does not move on a circular path

. A stone of mass m tied to a string of length [ is rotated

in a circle with the other end of the string as the centre.

The speed of the stone is . If the string breaks, the stone

will :

(a) move towards the centre

(b) move away from the centre

(c) move along a tangent

(d) stop

. Two particles A and B having mass m each and charge

g1 and — g» respectively, are connected at the ends of a

non conducting flexible and inextensible string of the

length I. The particle A is fixed and B is whirled along a

vertical circle with centre at A. If a vertically upward

electric field of strength E exists in the space, then for

minimum velocity of particle B :

(a) the tension force in string at lowest point is zero

(b) the tension force at the lowest point is non-zero

(c) the tension force at the highest point is zero

(d) the work done by interaction force between particles
A and B is non-zero

. Particles are released from rest at A and slide down the

smooth surface of height h to a conveyor B. The correct
angular velocity @ of the conveyor pulley of radius r to
prevent any sliding on the belt as the particles transfer
to the conveyor is :

10.

103

@) 11:12
(b) 39:41
(c) 41:39
d) 12: 11

]
| S

P @\}{:}

(@) 2gh ) 2
2gh?
© 2t @ 5

Two moving particles P and Q are 10 m apart at a certain
instant. The velocity of P is 8 m/s making an angle of
30° with the line joining P and Q and that of Q is 6 m/s
making on angle 30° with PQ as shown in figure.

Then angular velocity of P with respect to Q is:

ém/s

8m/s

(a) zero (b) 0.1 rad/sec

(c) 0.4 rad/sec (d) 0.7 rad/sec

A solid body rotates about a stationary axis so that its
angular velocity depends on the rotational angle ¢ as
® =) — k¢ where o and k are positive constants. At the
moment =0, ¢$=0, the time dependence of rotation
angle is:

(a) kay e ™ (b) %e**
© Za-e% @ -1

The position of a point P is T=acos01+bsin 9?, where
a and b are constants and 8 is angle between r and x-axis.
If the rate of increasing of 8 is w, the equation of path of
particle is :
(a) circle

(c) ellipse

(b) parabola

(d) straight line

A boat which is rowed with constant velocity u, starts
from point A on the bank of river which flows with a
constant velocity v and it points always towards a point
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* 11.

12.

13.

14.

15.

16.

B. On the other bank exactly opposite to A, the equation
of the path of boat is:

’ 1o i
(a) rsinG:c]tan—w (b) rsin9=-5
X

2)

(c) *sin =-5 (d) ur® =vsin® @

(2) none of the above
The angular displacement of the rod is defined as

Gz%tz where 9 is in radian and f is in second. The

collar B slides along the rod in such a way that its

distance from O is, r=0.9 — 0.12¢2 where 7 is in metre and
t is in second. The velocity of collar at 8 =30° is:

LA

(a) 045 m/s
(©) 0.52 m/s
Two buses A and B are moving around concentric
circular paths of radii 74 and rz. If the two buses

complete the circular paths in the same time, the ratio of
their linear speeds is :

@ 1

(b) 048 m/s
(d) 0.27 m/s

<b):—’;

() £ (d) none.of these

A
A stone of mass 0.3 kg attached to a 1.5 m long string is
whirled around in a horizontal circle at a speed of 6 m/s.
The tension in the string is:
{a) 10N (b) 20 N
(©) 72N (d) none of these
Acyclist goes round a circular path of length 400 m in
20 second. The angle through which he bends from
vertical in order to maintain the balance is:

(a) sin”! (0.64) (b) tan™! (0.64)
(o) cos ! (0.64) (d) none of these
The maximum speed with which an automobile can

round a curve of radius 8 m without slipping if the road
is unbanked and the co-efficient of friction between the

road and the tyres is 0.8 is (g =10 m/s%):

(a) 8 m/s (b) 10 m/s

(c) 20 m/s (d) none of these

A tube of length L is filled completely with an
incompressible liquid of mass M and closed at both ends.
The tube is then rotated in a horizontal plane about one
of its ends with a uniform angular velocity w. The force
exerted by the liquid at the other end is:

17.

18.

19.

20.

21.

22,

*23.

Circular Motion

Z
(a) ML (b) ML o
ML o* ML%w?
© M @ ML

A point on the periphery of a rotating disc has its
acceleration vector making an angle of 30° with the

velocity vector. The ratio a./a, (a. is centripetal
acceleration and g; is tangential acceleration) equals :

(a) sin 30° (b) cos 30°

(c) tan 30° (d) none of these

A car of 1400 kg is moving on a circular path of radius
30 m with a speed of 40 kmvh. When the driver applies
the brakes and the car continues to move along the
circular path, what is the maximum deceleration possible
if the tyres are limited to a total horizontal friction of
10.6 kN ?

(a) 10 m/s? (b) 6.36 m/s*

(c) 4 m/s? (d) None of these

A cyclist is travelling on a circular section of highway of
radius 2500 ft at the speed of 60 mile/h. The cyclist
suddenly applies the brakes causing the bicycle to slow
down at constant rate. Knowing that after eight second,
the speed has been reduced to 45 mile/h. The
acceleration of the bicycle immediately after the brakes
have been-applied is :

(a) 2ft/s" (b) 4.14 ft/s°

(c) 3.10 ft/s? (d) 2.75 ft%/s

A road of width 20 m forms an arc of radius 15 m, its
outer edge is 2 m higher than its inner edge. For what
velocity the road is banked ?

(a) V10 m/s (b) V14.7 m/s
(c) V9.8 m/s (d) None of these

Three identical cars A, Band C are moving at the same
speed on three bridges. The car A goes on a plane bridge,
B on a bridge .convex upwards and C goes on a bridge
concave upwards. Let F,4, Fp and F¢ be the normal forces
exerted by the cars on the bridges when they are at the
middle of the bridges. Then:

(a) F4 is maximum of the three forces

(b) Fpis maximum of the three forces

(c) Fc is maximum of the three forces

(d) Fa=Fg=Fc

A car runs from east to west and another car B of the
same mass runs from west to east at the same path along
the equator. A presses the track with a force Ny and B
presses the track with a force N;. Then:

(@ N1>N; (b) N1<N;

(¢) Ny=Ny "(d) none of these

A smooth track is shown in the figure. A part of track is
a circle of radius R.

A block of mass m is pushed against a spring of constant
k fixed at the left end and is then released. The initial
compression of the spring so that the block presses the

T Wi S, T

LA ol

P P R S e



Circular Motion

24,

25.

26.

27.

28.

: e
A é ItF‘_
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1
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track with a force mg when it reaches the point P of the
track, where radius of the track is horizontal :

,\/ mgR b SgR
(a): 3k (b) mk

@ I w:g

A person wants to drive on the vertical surface of a large
cylindrical wooden well commonly known as death well
in a circus. The radius of well is R and the coefficient of
friction between the tyres of the motorcycle and the wall
of the well is p,. The minimum speed, the motorcyclist

(©

A /3ng
Tk

must have in order to prevent slipping should be :

@) \ ES (b) \/_

(c) (d)

A car is moving in a circular horizontal track of radius
10 m with a constant speed of 10 m/s. A plumb bob is
suspended from the roof of the car by a light rigid rod
of length 1 m. The angle made by the rod with the track
is:

(a) zero (b) 30°

(c) 45° (d) 60°

A particle of mass m is attached to one end of a string of
length [ while the other end is fixed to a point h above
the horizontal table, the particle is made to revolve in a
circle on the table, so as to make P revolutions per
second. The maximum value of P if the particle is to be
in contact with the table will be :

(a) 2P gh (b) (5

5
(d) 21c [h ]
A rod of length L is hinged from one end. It is brought

to a horizontal position and released. The angular
velocity of the rod when it is in vertical position is:

(© 2P !' : |

@ V[E| (b) \/@
© V3t (@) \l,i—]

Two wires AC and BC are tied at C of small sphere of
mass 5 kg, which revolves at a constant speed v in the
horizontal circle of radius 1.6 m. The minimum vlaue of
VISt

29,

30.

31.
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m
s

4—1.6m —b‘

(@) 3.01 m/s (b) 4.01 m/s
(c) 82 m/s (d) 3.96 m/s
The skate board negotiates the circular surface of radius
4.5 m (shown in the figure). At 8 = 45°, its speed of centre
of mass is 6 m/s. The combined

mass of skate board and the A
person is 70 kg and his centre of '

mass is 0.75 m from the surface. \\V
The normal reaction between the
surface and the skate board wheel

|
]

)

2 )

’ 1

v il )

- )

\ s 1
\ ]

t

1

1

]

1

is: ’ \\J
(a) 500 N (b) 2040 N
() 145N (d) zero

The small spherical balls are free to move on the inner
surface of the rotating spherical chamber of radius
R=0.2 m. If the balls reach a steady state at angular
position 8 =45°, the angular speed w of device is:

]
<—’—’—,ﬁ‘ 3r —hl

4%

(a) 8 rad/sec (b) 2 rad/sec

(c) 3.64 rad/sec (d) 9.34 rad/sec

In the given figure, the square plate is at rest at position
A at time t =0 and moves as such 6 = 1.5t%, where angular
displacement 8 is in radian and time f is in second. A
small object P of mass 0.4 kg is temporarily fixed to the
plate with adhesive. The adhesive force F that. the
adhesive must support at time t =3 sec is:

"\\
7 (‘}' \
/ \% / ‘-\.
/ oy
(a) 20N (b) 10 N
(c) 45,6 N (d) zero




106

*32. A rod OA rotates about a

33.

horizontal axis through O
with a constant anti-
clockwise  velocity ®=3
rad/sec. As it passes the
position 6 =0 a small block
of mass m is placed on it at
a radial distance r =450 mm.
If the block is observed to
slip at 8 =50°, the coefficient
of static friction between the
block and the rod is:
(Given that sin 50° = 0.766, cos 50° = 0.64)

(a) 0.2 (b) 0.55

(c) 0.8 d1

A particle of mass m is moving in a horizontal circle of

radius r under a centripetal force given by [——k} where

rz 4

k is a constant, then:

(a) the total energy of the particle is [—_2—5]

(b) the kinetic energy of the particle is (k]

T

34.

35.

36.

Circular Motion

(c) the potential energy of the particle is [%]

i .
(d) the kinetic energy of the particle is |- %}
\

Kinetic energy of a particle moving along a circle of

radius R depends on the distance covered as T = ks?
where k is a constant. The force acting on the particle as
a function of s is :

@ ZN1s [E}Z e v’;_[ﬁ_]z—
(©) %sm @ %m

A projectile is projected at an angle 60° with horizontal
with speed 10 m/s. The minimum radius of curvature of
the trajectory described by the projectile is :

(@) 255 m (b) 2 m

(c) 10 m (d) none of these

A particle moves on a curved path with constant speed
v. The acceleration of the particle at x =0is 2av*. The path
of particle is:
(a) straight line
(c) elliptical

(b) parabolic
(d) none of these

Answers
Level-1
1. (b) 2. (a) 3. (o) 4. (o) 5 (a) 6. (d) 7. () 8. (a) 9. () 10. (a)
1. d) 12 (¢ 13. (@ 14 (d) 15 () 16 () 17. () 18 (d) 19. () 20. (a)
21. (¢) 22. (b) 23. () 24. () 25 (b)
Level-2
1. (d) 2. (o) 3. (o) 4. (o) 5. (a) 6. (c) 7. (d) 8. (c) 9. (c) 10. (a)
1. () 12 () 13. (&) 14. () 15 (@ 16 (@) 17. () 18 () 19. (b) 20. (b)
2. (¢) 22. (@) 23. () 24. (@ 25. () 26 (d) 27. () 28 (d) 29. () 30. (c)
31. (c) 32. (b) 33. (a) 34. (o) 35. (a) 36. (b)
Solutions
Level-1
4. v=YgR =V9.8x 49 15. We know F =mra?
S50 ader TR =2 x2E % (100m? (. 0=2nf=2x50 xm)
8. ®p =27t X 400 rad/s T1257 2 - .
@y =27 x 200 rad/s =100xN=314N
_ m (400 __200) 16. We know F= mrmz
2 re? = constant
=200 % rad/s? mz“l
e ] r
11. Centripetal force F = L
g o)
_\j TF) _/0:5x10x1000 e 2
e 100 w? g
=50 m/s=7.07 m.’ E_r_z rp=2cm

Lo o
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Work, Energy and Power

Syllabus: Concept of work, energy and power, energy-kinetic and potential. Conservation of energy. Different forms of energy.

Review of Concepts
1. Work:

(i)

(ii)

(iii)

(iv)
v

(vi)

(vii)

Work is said to be done by a force. It depends on

two factors:

(a) force applied and

(b) distance travelled by the body in the direction
of force.

The work done by
= -

W= Fe« s=Fscos#. If

(@) 8=0; W=Fs,

(c) 8=180°, W<O,

(e) s=0,W=0

Unit of work:

constant force is

(b) 8=90°W=0,
(d) F=0,W=0,

Joule or Nm or kg m?/s> — S.IL.

erg ordynecmor g cm?/s> — C.G.S.

Foot pound — EPS.

Work depends upon the frame of reference.

If a man is pushing a box inside a moving train,

_)
the work done in the frame of train will be F e ;:
_}
while in the frame of ground will be F(?- ;B)

where _s_f) is the displacement of the train relative to
the ground.

Work done by conservative force does not depend
upon path followed by the body.

The work done by constant force does not depend
upon path.

(viii) If a particle moves in a plane curve under

(ix)
(x)

(xi)

(xii)

conservative forces, the change in kinetic energy is
equal to work done on the body.

Power of heart = hpg X blood pumping by heart per
second.

If a light body of mass m; and a heavy body of
mass 11, have same momentum, then

Ky _m
Ko~ my
where Kj is the kinetic energy possessed by m; and
K; is KE possessed by mj. The lighter body has
more kinetic energy.
When a porter moves with a suitcase in his hand
on a horizontal level road, the work done by the
lifting force or the force of gravity is zero.
Work_.’done by a variable force is given by

AW=FedT

A

If F=FA+Fj+Fk

d T=dxi +dyf +dzk

w:f}?- d'?:f(dex+Fydy+dez)

(xiii} The work done by a force el by a spring on
a body A, during a finite displacement of the body
from A;(x=x;) to A;(x=xp) was obtained by
writing

X3
Wl_,2==—f kx dx

— b
[ o]

I/V| 33— kx kx

P =

B = ¥

(xiv) The work of force F is positive when the spring is
returning to its undeformed position.

(xv) The work is said to be done when the point of
application of force makes the body to move. Work
may be negative.

(xvi) The work done by a boy lifting a bucket of water
is positive, while work done by gravitational force
in this case is negative.

(xvii)When two springs A and B are such that ks > kp,
then work done when they are stretched by the
same amount, Wy > Wp. But when they are

stretched by the same force then Wg> Wy.

2. Energy:
(i) The energy of a body is defined as the capacity of
doing work.

(ii) The unit of energy is same as that of work.

(i) Energy can be classified further into various well
defined forms such as:

(a) mechanical, (b) heat
(c) electrical, (d) atomic energy, etc.

(iv) In the case of a simple pendulum, as the pendulum
vibrates there is a continuous transformation
between kinetic energy and potential energy and
the total energy remains conserved.

(v) When the velocity of a body changes from u to v,
the work done by the resultant force

w =§ mo? ~ —% mu?

(vi) The total work done by an external force F in

carrying a particle from a point A to a point B along

—
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a curve C is equal to the kinetic energy gained in
the process.

(vii) If ?: k'S'where k is a constant and §is a unit vector

->
along the tangent to the element of arc d s on a
curve, on which a particle is constrained to move

under the force F. Then ?is non- conservative.
(viii) If a single particle is moving under a conservative
field of force, the sum of the kinetic energy and
potential energy is always constant.
(ix) Two bodies of mass m; (heavy) and mass m; (light)

are moving with same kinetic energy. If they are

stopped by the same retarding force, then

(@) The bodies cover the same distance before
coming to rest.

(b) The time taken to come to rest is lesser for m,

as it has less momentum i.e., t=%

(c) The time taken to come to rest is more for m,

as it has greater momentum,

(x) When a light and a heavy body have same kinetic
energy, the heavy body has greater momentum
=p =V(2mK), where K = kinetic energy.

(xi) When two blocks A and B, coupled by a spring on
a frictionless table are stretched and released, then
kinetic energy of blocks are inversely proportional
to their masses.

(xii) A body cannot have momentum without kinetic
energy.

(xiii) (a) Mechanical energy of a particle, object or

system is defined as the sum of kinetic and
potential energy ie., E=K+U.

113

(b) A body can have mechanical energy without
having either kinetic or potential energy.

(c) Mechanical energy of a body or a system can
be negative and negative mechanical energy
implies that potential energy is negative and in
magnitude it is more than KE.Such a state is
called bound state.

(xiv) The concept of potential energy exists only in the
case of conservative forces.

3. Power:

(i) Rate of doing work is called power. If velocity
vector makes an angle 8 with the force vector, then

P= F)- V=Fvcos 8
(ii) Unit of power :
erg/sec — CGS system

horse power (=746 watt) —— FPS system
J/sec or watt —— SI system
(iii) In rotatory motion

(iv) If a body moves along a rough horizontal surface,
with a velocity v, then the power required is
P =umguv
(v) (a) If a block of mass m is pulled along the rough
inclined plane of angle 8 then power is

P =(mg sin 6 + umg cos ) v
(b) If a same block is pulled along the smooth

inclined plane with constant velocity v, the
power spent is

P=(mgsin8)v

Objective Questions

Level-1

1. Alorry and a car, moving with the same KE are brought 4. A flywheel of mass 60 kg, radius 40 cm is revolving

to rest by applying the same retarding force then :

300 revolutions per min. Its kinetic energy will be :

(@) lorry will come to rest in a shorter distance (a) 480 - ] (b) 48]
(b) car will come to rest in a shorter distance 4
(c) both will come to rest in the same distance (c) 487 (d) ;I

(d) none of the above
_)

il : —
. In a certain situation, F and s are not equal to zero but
the work done is zero. From this, we conclude that:

A constant force of 5 N is applied on a block of mass 20
kg for a distance of 2.0 m, the kinetic energy acquired by
the block is:

—3
(a) F and s are in same direction (@) 20] (b) 15]
(b) Fand dicular to each oth 1By U]
) _)an S ARSI OB QST 6. Under the action of a force, a 2 kg body moves such that

(c) Fand s are in opposite direction
(d) none of the above
. A gas expands from 5 litre to 205 litre at a constant

pressure 50 N/m?. The work done is:
(a) 2000 ] (b) 1000 J
(c) 10000 ] (d) none of these

3
its position x as function of time t is given by x == where

x is in metre and f is in sec, the work done by the force
in first two sec is:
(@) 16]

(© 8]

(b) 32]
(d) 64]
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7.

10.

11.

12.

13.

14.

15.

16.

The momentum of a body of mass 5 kg is 10 kg m/s. A
force of 2 N acts on the body in the direction of motion
for 5 sec, the increase in the kinetic energy is:

(@ 15] (b) 50]

(c) 30] (d) none of these

A block of mass 5 kg slides down a rough inclined
surface. The angle of inclination is 45°. The coefficient of
sliding friction is 0.20. When the block slides 10 m, the
work done on the block by force of friction is:

(@) 50V2] (b) -50V2]

(c) 50] (d) -50]

A particle moves along the x-axis from x=0to x=5m
under the influence of a force given by F =7-2x+32%
The work doune in the process is:

(@) 70] (b) 270 ]

(c) 35] (d) 135]

A 2 kg brick of dimension 5cmx 2.5 cm X 1.5 cm is lying
on the largest base. It is now m=>de to stand with length
vertical, then the amount ur work done is: (taken

g =10m/s?)
(@) 35] (b) 5]
() 77 @ 9]

A bomb of 12 kg explodes into two pieces of masses 4 kg
and 8 kg. The velocity of 8 kg mass is 6 m/s. The kinetic
energy of other mass is:
(@) 48]
(c) 24]

(b) 32
(d) 288 ]

A torque equal to % x10° Nm acting on a body

produces 2 revolutions”per second, then the rotational
power expended is :

(@) %x 1057/s (b) 2x107 /s

2n

(c) 251x10™]/s @ T x 108)/s

A coolie 1.5 m tall raises a load of 80 kg in 2 sec from
the ground to his head and then walks a distance of 40 m
in another 2 second. The power developed by the coolie
is: (g =10 m/s?%)

(@) 0.2 kW (b) 0.4 kW

(c) 0.6 kW (d) 0.8 kW

A lorry of mass 2000 kg is travelling up a hill of certain
height at a constant speed of 10 m/s. The frictional
resistance is 200 N, then the power expended by the
engine is approximately : (take g =10 m/s?)

(a) 22 kW (b) 220 kW

{c) 2000 W (d) none of these

A spring of force constant 10 N/m has initial stretch
0.2 m. In changing the stretch to 0.25 m, the increase of
PE is about :

(@) 0.1] (b) 0.27]

() 03] (d) 0.5]

Sand falls vertically at the rate of 2 kg/s o to a conveyer
beit moving horizontalty with velocity of 0.2 m/s, the
extra power required to keep the belt moving is:

17.

18.

19.

20,

21.

22,

23.

24.
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(a) 0.08 W (b) 0.04 W

(c) 4W (d) 1W

Ten litre of water per second is lifted from well through
20 m and delivered with a velocity of 10 m/s, then the
power of the motor is:

(a) 1.5 kW (b) 2.5 kW

(©) 3.5 kW (d) 45 kW

A bomb of mass M at rest explodes into two fragments
of masses m; and mj. The total energy released in the
explosion is E. If Ej and E; represent the energies carried
by masses m; and mj respectively, then which of the
following is correct ?

iy ma
(a) El:HE (b) El:m—zE

ms _m
{C) E]=_A?E (d) El—mlE

The earth’s radius is R and acceleration due to gravity at
its surface is g. If a body of mass m is sent to a height

=§ from the earth’s surface, the potential energy

increases by :

(a) mgh (b) £ mgh

© %mgh ) gmgh

At a certain instant, a body of mass 0.4 kg has a velocity
of 8T+ b/j\) m/s. The kinetic energy of the body is:

@@ 10] (b) 40]

(c) 207] (d) none of these

A chain of mass M is placed on a smooth table with 1/3
of its length L hanging over the edge. The work done in
pulling the chain back to the surface of the table is:

MgL MgL
@ =5 (b) ==
MgL MgL
© =5 @ 35

When a man increases his speed by 2. m/s, he finds that
his kinetic energy is doubled, the original speed of the
man is:

(@) 2(¥2 -1) mvs
(c) 45 m/s

Two springs A and B are stretched by applying forces of
equal magnitudes at the four ends. If spring constant is
2 times greater than that of spring constant B, and the
energy stored in A is E, that in B is:

(a) E/2 (b) 2E

(@) E @ £

(b) 2(v¥2 + 1)y m/s
(d) none of these

A block of mass m slides from the rim of a hemispherical
bowl of radius R. The velocity of the block at the bottom

will be:
(a) VRg (b) V2Rg
(c) V2rRg (d) VmRg

R g w I

s el

——
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25. A glass ball is dropped from height 10 m. If there is 20%
loss of energy due to impact, then after one impact, the

ball will go upto: 27.
(@ 2m (b) 4 m
() 6m (d) 8m

26. A moving neutron collides with a stationary a particle.

The fraction of the kinetic energy lost by the neutron is :

Level-2

1. A body of mass 10 kg is moving on a horizontal surface
by applying a force of 10 N in forward direction. If body
moves with constant velocity, the work done by applied

force for a displacement of 2 m is: e
(@) 20 joule (b) 10 joule
(c) 30 joule (d) 40 joule
2. In previous problem Q. (1), the work done by force of
friction is :
(@) —20 joule (b) 10 joule
(c) 20 joule (d) —5 joule 10.
3. In previous problem Q. (1), the work done by normal
reaction is:
(a) 20 joule (b) 196 joule
(c) zero (d) none of these
4. A body of mass 10 kg is moving on an inclined plane of
inclination 30° with an acceleration 2 m/s2. The body
starts from rest. The work done by force of gravity in
2 second is:
(a) 10 joule (b) zero M.
(c) 98 joule (d) 196 joule
5. In previous problem Q. (4), the work done by force of
friction is :
(a) —58 joule (b) 58 joule 12.
(c) 98 joule (d) —116 joule
6. Abody of mass 1 kg moves from point A (2 m, 3 m, 4 m)
to B3 m, 2 m, 5 m). During motion of body, a force
F)= (2N)?— (4N)’j\ acts on it. The work done by the force
on the particle during displace- ment is : i
(a) 21-4] joule (b) 2 joule '
(c) —2joule (d) none of these
7. A force F= Ay? + By + C acts on a body in the y-direction.
The work done by this force during a displacement from
y=—atoy=ais:
3 J
@) 24 (b) 205 1 204
(c) 248° + —B;II—Z +Ca (d) none of these
3 @ 14.
8. A force ?:- k (l/i'+ x?) (where k is a positive constant)
acts on a particle moving in the x-y plane starting from
the origin, the particle is taken along the positive x-axis
to the point (a,0) and the parallel to the y-axis to the 15.

_)
point (4, a). The total work done by the force F on the
particle is :
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(@) 16/25 (b) 9/25
(c) 3/5 (d) 2/5

A stone of mass 2 kg is projected upward with KE of 98 J.
The height at which the KE of the body becomes half its

original value, is given by : (take g =9.8 m/s?)

@) 5m (b) 2.5 m
() 1.5m (d) 0.5m
(@) - 2ka* (b) 2ka*
() - ka? (d) ka?

During swinging of simple pendulum :

(a) the work done by gravitational force is zero

(b) the work done by tension force is always zero

(c) the mechanical energy of bob does not remain
constant in the absence of air

(d) the mechanical energy remains constant in the
presence of air resistance

If a man having bag in his hand moves up on a stair,

then:

(@) the work done by lifting force is zero

(b) the work done by lifting force is non-zero with
respect to ground

(c) the work done by lifting force is zero with respect to
ground

(d) the work done with respect to ground is same as that
with respect to him

Work done during raising a box on to a platform:

(a) depends upon how fast it is raised

(b) does not depend upon how fast it is raised

(c) does not depend upon mass of the box

(d) both (a) and (b) are correct

A Swimmer swims upstream at rest with respect to the

shore :

(a) in the mechanical sense, he does not perform work

(b) in physical sense, he does not perform work

(c) in the mechanical sense, he may perform work

(d) in physical sense, he may perform work

A force of 0.5 N 1s

applied on upper block

as shown in figure. The

work done by lower

block on upper block

for a displacement 3 m g o0th

of the upper block is :

(Take g=10 m/s?)

(a) 1 joule (b) -1 joule

(c) 2joule (d) -2 joule

In previous problem, work done by lower block on

upper block in the frame of lower block is :

(a) -1 joule (b) -2 joule

(c) 2 joule (d) zero

In previous problem, work done by upper block on

lower block is :

(a) 1 joule

(c) —2joule

p=0.1\ 1kg [—"F=0.5N

-]

RN,

(b) -1 joule
(d) 2 joule
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16.

17.

18.

19.

20.

21.

22,

A body of mass m was slowly 7
halved upon the hill by a force J
which at each point was ,-’"'/
directed along a tangent to the = 5 h

path. The work done by the

applied force :

(a) does not depend upon path 4/
followed by the body ——————®¥

(b) depends upon path

(c) does not depend upon position of A and B

(d) both (a) and (c) are correct

In an elastic string whose natural length is equal to that

of a uniform rod be attached to the rod at both ends and

suspended by the middle point:

(@) the rod will sink until the total work done is
non-zero

(b) the rod will sink until the total work done is zero

(c) sinking of rod 1s not determined or. ihe basis of work
done

(d) sinking of rod is not possible

A particle moves along a curve of unknown shape but
magnitude of force F is constant and always acts along
tangent to the curve. Then:

_)
(a) F may be conservative
(b) F must be conservative
_—)
(c) -F may be non-conservative

(d) F must be non-conservative

If a particle is compelled to move on a given smooth
plane curve under the action of given forces in the plane

F=xi+ yy, then :

(a) Fe dr:xdx+ydy (b) } 1 r¢%mvz
(c) Fodrexdrx ydy  (d) % f (xdx +ydy)

_"
If ¢ is a closed curve, then for conservative force F:

(a) (ﬁ'F'-d'r';ao (b) 45?.3<0

sy e acy
9§ Fedr>0 (&) §Fedr=0
Which of the following is/are not conservative force ?
(a) Gravitational force
(b) Electrostatic force in the coulomb field
(¢) Frictional force
(d) All of the above

If F =F, /i\+Fy '}+F k is conservative, then :

w s 2 3y OB 36, 3,
dy dx dz dy ox oz
JF, OF,

(k) "ay FT)

DF,, oF,

(©) 81/ Bx_ dz

(d) none of the above

23,

24,

25.

26.

27.

28.

29,

30.

Work, Energy and Power

If a man of mass M jumps to the ground from a height
h and his centre of mass moves a distance x in the time
taken by him to hit the ground, the average force acting
on him is:

Mgh
@) =2

'y 2 _.I.)_
() Mg [;] @) M7 |
The potential energy of a particle of mass 0.1 kg moving
along the x-axis is given by U =5x (x - 4) ], where x is in
metre. It can be concluded that:
(@) the particle is acted upon by a constant force
(b) the speed of the particle is maximum at x=2m
(c) the particle cannot execute simple harmonic motion

ng

(b)

(d) the period of oscillation of the particle is E s

The potential energy as a function of ‘the force between
two atoms in a diatomic molecule is given by

Ux)= —‘:— - -l—:,— where aand b are positive constants and
X5 e

x is the distance between the atoms. The position of
stable equilibrium for the system of the two atoms is

given by :

@) J::—E (b) xz@
6[m ~

© x=22 @ == V[

The potential energy of a particle of mass 5 kg moving
in the x-y plane is given by U=(-7x+24y)]. xandy
being in meter. If the particle starts from rest from origin
then speed of particle at t=2sec is:

(@ 5m/s (b) 14 m/s

(c) 175 m/s (d) 10 m/s

The potential energy of a particle of mass 5 kg moving
in the x-y plane is given by U =-7x + 24y joule, xand y
being in metre. Initially at t=0 the particle is at the
origin. (0,0) moving with a velocity of 6[2.4’i\+0.7lj\]
m/s. The magnitude of force on the particle is :

(@) 25 units (b) 24 units

(c) 7 units (d) none of these

Which one of the following units measures energy ?

(b) (volt)? (sec)™? (ohm)™?

«d) none of the above

(a) kilo-watt-hour

(c) (pascal) (foot)Z

A balloon is rising from the surface of earth. Then its

potential energy :

(a) "increases

(b) decreases

(c) first increases then decreases

(d) remains constant

If a compressed spring is dissolved in acid :

(@) the energy of the spring increases

(b) the energy of acid decreases

(c) the potential energy and kinetic energy of molecules
of acid increases

(d) the temperature of acid decreases
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31.

32,

33.

34.

35.

36.

Two identical cylindrical shape vessels are placed, A at
ground and B at height . Each contains liquid of density
p and the heights of liquid in A and B are h; and h;
respectively. The area of either base is A. The total
potential energy of liquid system with respect to ground
is:

A

@ SRRk () 58 (g +hp? + 1
Apg (hi+h

() h.Apg(h+h+hy)  (d) %[ ‘2 ]+h§

A long spring, when stretched by x cm has a potential
energy U. On increasing the length of spring by

stretching to nx cm, the potential energy stored in the

spring will be:

(a) g (b) nU
(c) n*U (d) ”ﬂ,

Two identical massless springs A and B consist spring

constant k4 and kg respectively. Then:

(a) if they are compressed by same force, work done on
A is more expanded when ky > kg

(b) if they are compressed by same amount, work done
on A is more expanded when k4 <kp

(c) if they are compressed by same amount, work done
on A is more expanded when k, > kg

(d) both (a) and (b) are correct

Mark correct option :

(a) The negative change in potential energy is equal to
work done

(b) Mechanical energy of a systern remains constant

(c) If internal forces are non-conservative, the net work
done by internal forces must be zero

(d) None of the above

A point mass m is released from rest on an undeformed

massless spring of force constant k. Which of the

following graphs represents U-x graph for reference level

of gravitational potential energy at initial position ?

u

Uix s oy

(a) (b)

In the above problem:
(a) first the point mass decelerates then accelerates
(b) first the point mass accelerates then decelerates

37.

38.

39.

40.

41.

42,

43.
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(c) at the maximum compression of spring, acceleration
of mass is zero

(d) the point mass moves with constant velocity

An object kept on a smooth inclined plane of height

1 unit and length | can be kept stationary relative to

inclined plane by a horizontal acceleration equals to :

g g
@ ¥or

1 NP)

© eVE-1 (d) gVIF~1

The work done on a particle is equal to the change in its

kinetic energy :

(a) always

(b) only if the force acting on the body are conservative

(c) only if the forces acting on the body are gravitational

(d) only if the forces acting on the body are elastic

If a car is moving on a straight road with constant speed,

then :

(a) work is done against force of fricticn

(b) net work done on car is zero

(c) net work done may be zero

(d) both (a) and (b) are correct

The kinetic energy of a particle moving on a curved path

continuously increases with time. Then :

(@) resultant force on the particle must be parallel to the
velocity at all instants

(b) the resultant force on the particle must be at an angle
less than 90° all the time

(c) its height above the ground level must continuously
decrease

(d) the magnitude of its linear momentum is increasing
continuously

(e) both (b) and (d) are correct

Force F acts on a body of mass 1 kg moving with an

initial velocity vg for 1 sec. Then:

P [y

(a) distance covered by the body is vy + -

(b) final velocity of body is (vy+ F)

(c) momentum of body is increased by F

(d) all of the above

A block of mass m is hanging over a smooth and light

pulley through a light string. The other end of the string

is pulled by a constant force F. The kinetic energy of the

block increases by 20 Jin 1sis:

(@) the tension in the string is mg

(b) the tension in the string is F

(c) the work done by the tension on the block is 20 J in
the above 1 s

(d) the work done by the force of gravity is 20 ] in the
above 1s

When a bullet of mass 10 g and speed 100 m/s penetrates

up to distance 1 cm in a human body in rest. The

resistance offered by human body-is:

(a) 2000 N (b) 1500 N

{c) 5000 N (d) 1000 N
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44.

45,

46.

47.

48,

49,

50.

A 60 g bullet is fired through a stack of fibre board sheet,
200 mm thick. If the bullet approaches the stack with a
velocity of 600 m/s, the average resistance offered to the
bullet is :

(@) 54 kN (b) 2 kN

(c) 20.25 kN (d) 10 kN

In the given curved road, if

particle is released from A then:

(a) kinetic energy at B must be /i
mgh / I
h

(b) kinetic energy at B may be
zero /
{c) kinetic energy at B must be A
less than mgh #
(d) kinetic energy at Bmustnot  /
be equal to zero

@

A bucket tied to a string is lowered at a constant

acceleration of % If the mass of the bucket is m and is

lowered by a distance d, the work done by the string will
be :

mgd 8 med
@) ) —3 mg
() -3 mgd (d) 3 mgd

A stone tied to a string of length L is whirled in a vertical
circle with the other end of the string at the centre. At a
certain instant of time, the stone is at its lowest position
and has a speed u. The magnitude of the change in its
velocity as it reaches.a position where the string is
horizontal is :

(a) Vu? - 2gL (b) \/Z_gL'

(C) \/uz _gL (d) \/2 (uZ —gL)

A small sphere of mass m is —_—
suspended by a thread of length . i "5

It is raised upto the height of
suspension with thread fully
stretched and released. Then the
maximum tension in thread will

E

be:
(a) mg (b) 2mg TSy -3
(c) 3mg (d) émg

An object of mass m is tied s n 0,

to a string of length L and —Tﬂ
a variable horizontal force o\

is applied on it which

starts at zero and
gradually increases until

the string makes an angle

6 with the vertical. Work

done by the force F is:

(a) mgL (1-sin 6) (b) mgL
(c) mgL (1-cos 8) (d) mgL (1 +cos 6)

An elastic string of unstretched length L and force
constant k is stretched by a small length x. It is further
stretched by another small length y. The work done in

51.

* 52,

* 53.

55.

56.

Work, Energy and Power

the second stretching is:
1.2

@ 3k
1 2 1

© 3kE+y) (@) 5 ky @x+y)

An insect is crawling up a fixed hemispherical bowl of
radius R. The coefficient of friction between insect and

b) 2 k(2 +y)

4
bowl is g The insect can only crawl upto a height :

(@) 60% of R (b) 10% of R

(c) 5% of R (d) 100% of R

Two small balls of equal mass are joined by a light rigid
rod. If they are released from rest in the position shown
and slide on the smooth track in the vertical plane. The

speed.of balls when A reaches B’s position and B is at
B'is:

1|
| I S =, e e A |

! i N S G S D |
lljlllllli lllIIIAIIIT_IYl'Jd

(a) 4m/s (b) 421 m/s
(c) 221 m/s (d) none of these

In the given figure, the natural length of spring is 0.4 m
and spring constant is 200 N/m. The 3kg slider and
attached spring are released from rest at end move in the
vertical plane. The slider comes in rest at the point B. The
work done by the friction during motion of slider is:

l¢—— r=0.8m —pj
A oo —@

%

' | —
| 0.6m

I/

(@) —-352] (b) -0.8]
(c) —100] (d) -10.54]
Power is:

(a) the time derivative of force

(b) the time derivative of kinetic energy

(c) the distance derivative of work

(d) the distance derivative of force

A man weighing 60 kg climbs a staircase carrying a 20
kg load on his hand. The staircase has 20 steps and each
step has a height of 20 cm. If he takes 20 second to climb,
his power is:

(a) 160 W (b) 230 W

(c) 320 W (d) sowW

The average human heart forces four litre of blood per
minute through arteries a pressure of 125 mm. If the
density of bload is 1.03 x 10 kg/ m?, then the power of
heart is :

(a) 112.76x 1078 HP
(c) 1.03x 10" HP

(b) 112.76 HP
(d) 1.03x107° HP
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57. An object of mass M, initially at rest under the action of
a constant force F attains a velocity v in time t. Then the
average power supplied to the mass is:

119
(a) 21:7;112822: (b) mi*rt
(© mk3rt (d) zero

(a) Fv (b) I Fv 60. A wind powered generator converts wind energy into
2 electrical energy. Assume that the generator converts a
() zero (d) m_v2 fixed fraction of the wind energy intercepted by its
2t blades into electrical energy for wind speed v,
58. The power supplied by a force acting on a particle the electrical power output will be proportional to:
moving in a straight line is constant. The velocity of the (@ v (b) v*
particle varies with the displacement x as: (c) ias (d) vt
(@ Vx (b) x 61. A particle moves with a velocity (5i-3j+6k) m/s
(c) x* @ x3 under the influence of a constant force
59. A particle of mass m is moving in a circular path of F =107 +10) +20% N. The instantaneous power applied
constant radius r such that its centripetal acceleration a, to the particle is
. . o 22 . (a) 200 J/sec (b) 40 J/sec
is varying with time ¢ as g, =k°rt. The power is: (c) 140 J/sec (d) 170 J/sec
Answers
Level-1
1. (c) 2. () 3. (o) 4. (a) 5 (¢ 6. (a) 7. (c) 8. (a) 9. (d) 10. (a)
1. d 12 () 13 () 14 (@ 15 (@ 16 (a) 17. (b) 18 (@ 19 () 20. (o)
2. (d) 22 (b) 23. (b) 24. (b) 25 (d) 26 (@) 27. (b)
Level-2
1 () 2. @ 3 () 4 (d 5 @ 6 () 7. () 8 () 9 ® 10 (b
1. (b) 120 (@) 13. (b) 14. (d) 15 (@) 16 (@ 17. ®) 18 (d) 19. (a) 20. (d)
2. () 220 (@) 23. (@ 24 (b) 25 (d) 26 (d) 27. (@ 28 (@ 29. (b) 30. (c)
31. (@) 32. (c) 33. (c) 34. (d 35 (b) 36 (b) 37. (@ 38 (a) © 39. (d) 40. (e)
41. (d) 42 () 43. () 44. (@) 45 (b) 46. (b) 47. (d) 48. (&) 49. (& 50. (d)
5. () 52 () 53. (@ 54 () 55 (@ 56 (@ 57 (b) 58 (d) 59. (b) 60. (c)
61. (c)
Solutions
Level-1
= = 1 1
2. 0=IFlIsl cos® KE=3mv’=2x20x (1) =10]
cos0=0
- 0=90° or Workdone, W=Fs
3. W = PdV =50 (205 - 5) = 10000 ] =5x2=10]
_300 wen: x=b o 42 32 .
4. n="-=5rev/s 6. Given; x=% = 5~ v=t
w=2tn=10x
1 g 1 Work done, W=-% mo’
KE=-2—mvz=—2-mr2m2
) =%x2xt4=%x2x(2)4=16]
=2 x 60 x (0.4)?  (10m)2
2 my _10
1 7. Initial velocity=—="1=2m/s
==Ex60x0.16x1001r2=4801t2]
5 1 Acceleration =< = 0.4 m/s’
5. Acceleration a='2—0=zm/s2 P

From eugation of motion

s=ut+%at2=2x5+%x0.4x5x5




Centre of Mass, Momentum and Collision

particle system, centre of mass of a rigid body.

Review of Concepts

1. Centre of Mass:

(a) The centre of mass need not to lie in the body.

(b) Internal forces do not change the centre of mass.

(c) When a cracker explodes in air, the centre of mass of
fragments travel along parabolic path.

(d) The sum of moment of masses about its centre of
mass is always zero.

(e) The position of centre of mass does not depend upon
the co-ordinate system chosen.

(f) If we take any closed area in a plane and generate a
solid by moving it through space such that each
point is always moved perpendicular to the plane of
the area, the resulting solid has a total volume equal
to area of the cross-section times the distance that the
centre of mass moved. The volume generated by
spinning it about an axis is the distance that the
centre of mass goes around times the area of the
plane.

(g) When a body is allowed to fall freely from a height
hy and if it rebounds to height h;, then e=y J:r_z

(h) When a bullet of mass m penetrates upto a distance
x in the large stationary wooden block, the resistance

2
offered by the block =R = ——”;;

5 )

v~ =constant or —_—=—

X1 x2

2. Momentum :
(@) The linear momentum of a body is defined as the

product of mass of body and its velocity i.e.,
-4
p=mv

{b) It depends on frame of reference.

(c) A body cannot have momentum without having
energy but the body may have energy (i.e., potential
energy) without having momentum.

(d) The momentum of a body may be negative.

(e) The slope of p versus ¢ curve gives the force.

(f) The area under F versus ¢ curve gives the change in
momentum. i

(g) A meteorite burns in the atmosphere. Its momentum
is transferred to air molecules and the earth.

Syllabus: Elastic collisions in one and two dimensions, conservation of linear momentum, rocket propulsion, centre of mass of a two

(h) If light (m;) and heavy (m;) bodies have same
E1 m
momentum, then —=—
E; m

(i) Momentum transferred to a floor when a ball hits the
] 1+e
floor is Ap=p (1 —e]

where e = coefficient of restitution explained in article
4(e).

3. Conservation of Momentum :

(a) If the-external force acting on a system of particles
(or body) is zero, then net linear momentum of the
system (or body) is conserved.

- = dp
1.e., If Fou =0 then Foyy = P 0
le., E; =0
(b) Law of conservation of linear momentum always
holds good for a closed system.
(c) It is a consequence of Newton’s third law.
4. Collision:

(a) When elastic collision takes place in one dimension
between two bodies of masses m; and m; having initial

velocities as uy, u; and vy, v; as the final velocities after
collision, then
Ul — U =Ty~

my—msy Zm—; .
v = U+ ]
my+ms mp+my

‘Mg —m,y 2myuy
M= Us +
mq+my my+myp

(b) Two bodies of equal masses exchange their velocities
after suffering one dimensional elastic collision. It
means

my=my, vi=H; and vy=uy

(c) When two bodies of same mass are approaching each
other with different velocities and collide, then they
simply exchange the velocities and move in the
opposite direction.

(d) When a heavy body moving with velocity u collides
with a lighter body at rest, then the heavier body
remains moving in the same direction with almost
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(e)

®

(8)

(h)

®

)

(k)

5. When Elastic Collision Takes Place in Two Dimensions:

same velocity. The lighter body moves in the same
direction with a nearly velocity of 2u.
U1~?2

The coefficient of restitution =e =
Uy —uq

(i) For a perfectly elastic collision, e=1.
(ii) For a perfectly inelastic collision, e=0.
(iii) For an elastic collision, 0 <e < 1.
The relation between momentum and kinciic energy
E:
2
E =5 —, p = momentum of the particle of the mass m.

When a body of mass M suspended by a string is hit
by a bullet of mass m moving

with velocity v and embeds in L
the body, then common
velocity of the system,
L1
“m+M m -~
The height to which system O—>V [ M ]
rises: -
(M+m)gh=%(m +M) v§
_v¥
e
The velocity of bullet=v = (M; ’"]xfz@h'

When a body brought in rest by frictional force, then
1. 2
Hrmgs = = mu

Fraction of kinetic energy lost in an elastic collision.
AKjpgy  4mymy

Kio (my+mp?

The. fraction of energy lost (which may appear as
heat, light, sound, etc.) in an inelastic collision is

AKjost my(1- 32)
Ki  (my+my)

Lmrooiat e ofamil hopmse 03 N1 sl
-2' feje) i Friniss E e .—Emzvz

myuy + Moy = 0y €Os B + M50, Cos B,

11371 Sin 61 — myv; sin 85 =0

(a)

(b)

(@

and -”l:\/@

Centre of Mass, Momentum and Collision

Two bodies of mass m; (heavy) and mass m; (light)

are moving with same kinetic energy. If they are

stopped by the same retarding force, then

(i) The bodies cover the same distance before
coming to rest.

(ii) The time taken to come to rest is lesser for m,

ry |

as it has less momentum i.e., f=

(iii) The time taken to come to rest is more for m;

as it has greater momentum.
Two bodies A and B having masses m; and m, have

equal kinetic energies. If they have velocities v; and
vy, then

where p; and p, are their momenta.
If a single particle is moving under a conservative
field of force, the sum of the kinetic energy and
potential energy is always constant.

(d) The impulse of a force in a given time is equal to the

(e)

(®)

()

(h)

®

change in momentum in the direction of the force
during that time.

If a bullet of mass m; moving with a velocity u,
strikes a -mass m, which is free to move in the
direction of the bullet and is embedded in it, then the

Ry 1 mymy®
loss of kinetic energy is =7 | ———
2 mp; +myp

A shell of mass m; is ejected from a gun of mass
my by an explosion which generates kinetic energy
equals to E. Then the initial velocity of the shell is

A ’[ 2m9E
my (my + my)
A gun of mass m, fires a shell of mass m; horizontally

and the energy of explosion is such as would be
sufficient to project the shell vertically to a height h.
Then the velocity of recoil of the gun is

2m? gh
my (my +my) |
A bullet of mass m; penetrates a thickness of a fixed

plate of mass my. If m, is free to move and the

resistance is supposed to be uniform, then the
mys

thickness penetrated is d
my +mp

The position of centre of mass remains unchanged in
rotatory motion while the position is changed in
translatory motion.




Centre of Mass, Momentum and Collision

6. The centre of Mass of Some Rigid Bodies:

129

Shape of the Body

Position of Centre of Mass

Uniform rod

Cubical box

Circular ring

Circular disc

Triangular plane lamina
Cylinder

Sphere

Cone

The middle point of the rod.

The point of intersection of diagonals.
Centre of the ring.

Centre of the disc.

The point of intersection of the medians of the triangle.

Middle point of the axis.
Centre of the sphere.

On the line joining the apex to the centre of the base at a distance 1/4 of the length of this

line from the base.

7. Centre of Mass of Common Shapes of Areas and Lines :

Shape Figure x 7] Area
riangular area 3 2
: 4r 4r x>
Quarter circular area 3 3n 4
j=, 4r rr*
Semicircular area 0 3n 2
s T 3a 3k 2h
Semiparabolic area I 8 5 3
O
. 3k 4ah
Parabolic area 5 3
ah
Parabolic spandrel 2 ‘ é__f— % 3
Iy
e
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Shape x 7l Area
. 2rsina
Circular sector e 0 T
3a

2r 2r nr

ireul 2r nr

Quarter circular arc = p 2

2k 2r

Semicircular arc 0 = nr
Arc of circle ZoIC sg = 0 2o

- Objective Questions

Level-1

5. A body of mass M moving with velocity v m/s suddenly
breaks into two pieces. One part having mass M/4
remains stationary. The velocity of the other part will be

1. In an elastic collision:
(a) only KE of system is conserved
(b) only momentum-is conserved
(c) both KE and momentum are conserved :
(d) neither KE nor momentum is conserved @) v (b) 2v

2. An example of inelastic collision is : (c) ¥ (d) 4?0
(a) scattering of a particle from a nucleus -

6. A bomb at rest explodes in air into two equal fragments.
If one of the fragments is moving vertically upwards

with velocity v, then the other fragment will move :

(b) collision of ideal gas molecules

(c) collision of two steel balls lying on a frictionless table

(d) collision of a bullet with a wooden block (a) vertically up with velocity g

3. Two solid rubber balls A and B having masses 200 g and
400 g respectively are moving in opposite directions with
velocity of A which is equal to 0.3 m/s. After collision
the two balls come to rest when the velocity of B is:

(b) vertically down with velocity 7
(c) in arbitrary direction with velocity vy
(d) horizontally with velocity vy

7. A ball of mass m moving with velocity v collides with

0.15 b) 1.5
E:; ~01 ;n rf/s E d)) nonr:{; these another ball of mass 2m and sticks to it. The velocity of
- the final system is :

4. Two bodies of identical mass m are moving with constant
locity o but in the opposite directions and stick to each - bl
velocity v but in the opposite directions and stick to eac © 2v ) 3v

other, the velocity of the compound body after collision
. 4 3 y 8. A particle of mass M is moving in a horizontal circle of

S:
! b) 2 radius R with uniform speed v. When it moves from one
&) (B}F2o point to a diametrically opposite point, its:

(c). zero (d) %

(a) momentum does not change

il e i
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10.

11.

12.

13.

(b) momentum changes by 2Mv

(c) KE changes by Mv?

(d) none of the above

Two balls of masses 2 g and 6 g are moving with KE in
the ratio of 3 : 1. What is the ratio of their linear
momenta ?

(@ 1:1 (b) 2:1

(c)1:2 (d) None of these

A body of mass 3 kg is moving with a velocity of 4 m/s
towards left, collides head on with a body of mass 4 kg
moving in opposite direction with a velocity of 3 m/s.
After collision the two bodies stick together and move
with a common velocity, which is:

(a) zero (b) 12 m/s towards left

(c) 12 m/s towards right (d; % m/s towards left

A ball of mass m moving with velocity v collides
elastically with another ball of identical mass coming
from opposite direction with velocity 2v. Their velocities
after collision will be :

(@) —v,2v (b) -2v,v

(c) v,2v (d) 2v,-v

Two perfectly elastic objects A and B of identical mass
are moving with velocities 15 m/s and 10 m/s
respectively, collide along the direction of line joining
them. Their velocities after collision are respectively :
(@) 10 m/s, 15 m/s (b) 20 m/s, 5 m/s

(c) 0 m/s, 25 m/s (d) 5m/s, 20 m/s

A bullet of mass 5 g is moving with a velocity 10 m/s
strikes a stationary body of mass 955 g and enter it. The

percentage loss of kinetic energy of the bullet is:
(a) 85 (b) 0.05
(c) 99.5 (d) none of these
Level-2

Four particles of masses 1 kg, 2 kg, 3 kg and 4 kg are
placed at the corners A, B,C and D respectively of a
square ABCD of edge 1 m. If point A is taken as origin,
edge AB is taken along X-axis and edge AD is taken
along Y-axis, the co-ordinates of centre of mass in S.I. is :
@ (L 1) (b) (5, 7)

(c) (0.5,0.7) (d) none of these

Two homogeneous spheres A and B of masses m and
2m having radii 2a and a respectively are placed in touch.
The distance of centre of mass from first sphere is :

@) a (b) 2a

(c) 3a (d) none of these

A circular hole of radius 1 cm is cut off from a disc of
radius 6 cm. The centre of hole is 3 m from the centre of
the disc. The position of centre of mass of the remaining
disc from the centre of disc is:

=

3 1
(a) - 35 cm (b) 35 €M

e (d) None of these
G

14.

15.

16.

17.

18.

4.
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A ball of mass m; is moving with velocity v. It collides
head on elastically with a stationary ball of mass mj. The

velocity of ball becomes g after collision, then the value
at0R
of the ratio —is:
my

(@ 1 () 2

(c) 3 d) 4

A bomb of mass 1 kg explodes in the ratio 1: 1 : 3. The
fragments - having same mass move mutually

perpendicular to each other with equal speed 30 m/s, the
velocity of the heavier part is :

(a) 10V2 m/s (b) 20N2 m/s

(c) 30\2 m/s (d) none of these

Two spherical bodies of the same mass M are moving
with velocities v; and ;. These collide perfectly
inelastically, then the loss in kinetic energy is :

(@) 3 M@ - vp? (b) 3 M@}~

© FM@1- 8 (d) 2M @ -

A body of mass 8 kg collides elastically with a stationary
mass of 2 kg. If initial KE of moving mass be E, the
kinetic energy left with it after the collision will be :

(a) 0.80E (b) 0.64E

(c) 0.36E (d) 0.08E

A ball falling freely from a height of 4.9 m hits a

horizontal surface. If e;%' then the ball will hit the

surface second time after:
(a) 0.5 sec (b) 1.5 sec
(c) 3.5 sec (d) 3.4 sec

A non-uniform thin rod of length L is placed along X-axis
as such its one of end is at the origin. The linear mass
density of rod is A = Ag x. The distance of centre of mass

of rod from the origin is:
L 2L L L
@35 ®3 ©; @
Centre of mass of a semicircular plate of radius R, the

density of which linearly varies with distance, d at centre
to a value 2d at circumference is :

3
(a) L from centre (b) =R from centre
n 2n

5R 7R
(c) = from centre (d) = from centre

Mark correct option or options :

(@) Nagpur can be said to the geographical centre of
India

(b) The population centre of India may be Uttar Pradesh

(c) The population centre may be coincided - with
geographical centre

(d) All the above
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7.

10.

11.

12.

Which of the following has centre of mass not situated

in the material of body ?

(@) A rod bent in the form of a circle

(b) Football

(c) Handring

(d) All the above

In which of the following cases the centre of mass of a

rod is certainly not at its geometrical centre ?

(a) The density continuously decreases from left to right

(b) The density continuously increases from left to right

(c) The density decreases from left to right upto the
centre and then increases

(d) Both (a) and (b) are correct

Fi-i the velocity of centre. of mass of the system shown

in the figure :

vy 2m/s

o—-

2"”;
5 X ) 30°
y
2m/s
()[2+2\/_/l\ g']\ (b) 4%
© |2 243 /\ %/,\ (d) None of these

A ball kept in a closed box moves in the box making
collisions with the walls. The box is kept on a smooth
surface. The centre of mass :

(a) of the box remains constant

(b) of the box plus the ball system remains constant

(c) of the ball remains constant

(d) of the ball relative to the box remains constant

A man of mass M stands at one end of a plank of length
L which lies at rest on a frictionless surface. The man
walks to the other end of the plank. If the mass of plank
is M/3, the distance that the mass moves relative to the
ground is:

@ > ®)

W= b |

© % (d)

The centre of mass of a system cannot change its state of

motion, unless there is an external force acting on it. Yet

the internal force of the brakes can bring a car to rest.

Then :

(@) the brakes stop the wheels

(b) the friction between the brake pads and the wheel
stops the car

(c) the car is stopped by the road

(d) the car is stopped by the driver pressing the pedal

13.

14.

15,

16.

17.
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Two blocks A and B are connected by a massless string
(shown in fig.) A force of 30 N is applied on block B. The
distance travelled by centre of mass in 2 second starting
from rest is :

A B
10kg 20kg [-*F=30N

Smooth
@ 1m (b) 2 m
() 3m (d) none of these

The motion of the centre of mass of a system of two

particles is unaffected by their internal forces :

(a) irrespective of the actual directions of the internal
forces

(b) only if they are along the line joining the particles

(c) only if they are at right angles to the line joining
particles

(d) only if they are obliquely inclined to the line joining
the particles

A loaded spring gun of mass M fires a shot of mass m

with a velocity v at an angle of elevation 8. The gun is

initially at rest on a horizontal frictionless surface. After

firing, the centre of mass of the gun-shot system :

! . m
(a) moves with a velocity *M

(b) moves with a velocity %tcosﬁ in the horizontal

ava

direction
(c) remains at rest
w FRA __ saa)
(d) moves with a velocity ﬁ‘—_——f in the horizontal

Lirs 1t heey
dlrectlon

Two bodies A and B of masses m; and m; respectively are

connected by a massless spring of force constant k. A
constant force F starts acting on the body A at { =0. Then:

k
m, |— o600 —| m; |—>F
A B

(@) at every instant, the acceleration of centre of mass is
F
my +my
(b) at t=0, acceleration of B is zero but that of A is
maximum
(c) the acceleration of A decreases continuously
(d) all the above
In the given figure, two bodies of masses m; and m, are
connected by massless spring of force constant k and are
placed on a smooth surface (shown in figure), then :
k

o e

(a) the acceleration of centre of mass must be zero at
every instant

(b) the acceleration of centre of mass may be zero at
every instant

(c) the system always remains in rest

(d) none of the above

|—F
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18.

19.

20.

21.

22,

23.

24.

In the given figure the mass

m, starts with velocity vy and ( mz
moves with constant velocity

on the surface. During motion

the normal reaction between e M
the horizontal surface and fixed ;

triangular block m; is N. Then /L//// ﬁ

during motion :
(@) N=(my+m)g (b) N=mg

() N<(m+myg (d) No(my+my) g

If momentum of a body remains constant, then
mass-speed graph of body is:

(a) circle (b) straight line

(c) rectangular hyperbola (d) parabola

If kinetic energy of a body remains constant, then
momentum mass graph is:

(a) (b)

c (d)

Two bodies of r(n]asses m and 4m are moving with equal

linear momentum. The ratio of their kinetic energies is :

(a) 1:4 (b) 4:1

{c) 1:1 (d 1:2

If momentum of a given mass of body is increased by

1%, then :

(a) the kinetic energy of body changes by 2n%, when
n<5

(b) the kinetic energy of body changes by 2n%, when
n>50

(c) the kinetic energy may be constant

(d) the kinetic energy must be constant

If the momentum of a body increases by 20%, the

percentage increase in its kinetic energy is equal to:

(a) 44 (b) 88

(c) 66 (d) 20

Mark correct option or options :

(@) The kinetic energy of a system may be changed
without changing momentum

(b) The momentum of a system may be changed without
changing kinetic energy

(c) If momentum of a system is zero, kinetic energy of
system must be zero

(d) If different bodies have same momentum, kinetic
energy of lightest body will be maximum

25.

26.

27.

28.

29,

30.

31.
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Two observers are situated in different inertial reference

frames. Then:

(a) the momentum of a body by both observers may be
same

(b) the momentum of a body measured by both
observers must be same

(c) the kinetic energy measured by both observers must
be same

(d) none of the above

A man is sitting in a moving train, then:

(a) his momentum must not be zero

(b) his kinetic energy is zero

(c) his kinetic energy is not zero

(d) his kinetic energy may be zero

When a meteorite burns in the atmosphere, then:

(a) the momentum conservation principle is applicable
to the meteorite system

{b) the energy of meteorite remains constant

(c) the conservation principle of momentum is
applicable to a system consisting of meteorites, earth
and air molecules

(d) the meteorite momentum remains constant

A bomb dropped from an aeroplane explodes in air. Its

total :

(a) momentum decreases

(b) momentum increases

(c) kinetic energy increases

(d) kinetic energy decreases

If a bullet is fired from a gun, then:

(a) the mechanical energy of bullet gun system remains
constant

(b) the mechanical energy is converted into non-mechanical
energy

(c) the mechanical energy may be conserved

(d) the non-mechanical energy is converted into mechanical
energy

A nucleus moving with a velocity H emits an a-particle.

Let the velocities of the a-particle and the remaining

nucleus be ) and T, and their masses be m; and m,,

then :

(@) =, _1?1 and ?2 must be parallel to each other

(b) none of the two of T, ?l, T, should be parallel to
each other

(c) )+, must be parallel to =

(d) ml—lfl + myHy must be parallel to =

A 15 gm bullet is fired horizontally into a 3 kg block of

wood 10 cm above its initial level, the velocity of the

bullet was :

(a) 251 m/sec

(b) 261 m/sec

(¢) 271 m/sec

(d) 281 m/sec




134

32,

33.

34.

35.

* 36.

37.

Two bodies of mass M and m are moving with same

kinetic energy. If they are stopped by same retarding

force, then :

(a) both bodies cover same distance before coming to
rest

(b) if M >m, the time taken to come to rest for body of
mass M is more than that of body of mass m

(c) if m>M, then body of mass m has more momentum
than that of mass M

(d) all the above

Two blocks of mass m; and m, are connected by a

massless spring and placed at smooth surface. The

spring initially stretched and released. Then :

(a) the momentum of each particles remains constant
separately

(b) the momentum of both bodies are same to each other

(c) the magnitude of momentum of both bodies are same
to each other

(d) the mechanical energy of system remains constant

(e) both (c) and (d) are correct

When two blocks A and B coupled by a spring on a ’

frictionless table are stretched and then released, then :

(a) kinetic energy of body at any instant after releasing
is inversely proportional to their masses

(b) kinetic energy of body at any instant may or may not
be inversely proportional to their masses

© K.E. of A _ massof B
KE.of B massof A

(d) both (b) and (c) are correct

Two bodies are projected from roof with same speed in

different directions. If air resistance is not taken into

account. Then :

(a) they reach at ground with same magnitude of
momenta if bodies have same masses

(b) they reach at ground with same kinetic energy

(c) they reach at ground with same speed

(d) both (a) and (c) are correct

A shell of mass m is fired from a gun carriage of mass
M which is initially at rest but is free to roll friction-
lessly on a level track. The muzzle speed of shell is v
relative to gun. Maximum range of shell if gun is
inclined at o to horizontal is :

Pl
14

when spring is massless

2 sin 20t v sin20)( M
@ v° sin ®) [ J[ J
g g M+m
(v cos oL — 'u)2 mv? sin 2u
(o) R (@) HE=

Two identical masses A and B are hanging stationary by
a light pulley (shown in the figure). A shell C moving
upwards with velocity v collides with the block B and

38.

39.

40.

41.

42,

Centre of Mass, Momentum and Collision

gets stick to it. Then:

(a) first string becomes slack and after FL
some time becomes taut LI\
(b) the momentum conservation \ e
principle is applicable to B and C
(c) the string beccmes taut only when
down displacement of combined
mass B and C is occured A i o ]
(d) both (a) and (b) are correct m/2

A bullet hits horizontally and gets embeded in a solid

block resting on af frictionless surface. In this process :

(a) momentum is conserved

(b) kinetic energy is conserved

(c) both momentum and K.E. are conserved

(d) neither momentum nor KE. is conserved

Mark correct option or options :

(a) Mutual gravitational attraction between two bodies can
be considered as interaction force during collision

(b) Collision is process in the absence of impulsive force

() During collision, momentum of system may change

(d) Mutual gravitational attraction between two bodies
cannot be considered as impulsive force during collision

If a ball is dropped from rest, it bounces from the floor.
The coefficient of restitution is 0.5 and the speed just
before the first bounce is 5 m/sec. The total time taken
by the ball to come to rest is:

(a) 2 sec (b) 1 sec

{c) 0.5 sec (d) 0.25 sec

Three identical blocks A,B and C are placed on
horizontal frictionless surface. The blocks B and C are at
rest. But A is approaching towards B with a speed
10 m/s. The coefficient of restitution for all collision is
0.5. The speed of the

block C just after

collision is :

(a) 5.6 m/s A B C

(b) 6 m/s [_“ . [

(c) 8 m/s
(d) 10 m/s

A thin uniform bar. lies on a frictionless horizontal
surface and is free to move in any way on the surface.
Its mass is 0.16 kg and length is 1.7 m. Two particles each
of mass 0.08 kg are moving on the same surface and
towards the bar in the direction perpendicular to the bar,
one with a velocity of 10 m/s and other with velocity
o m/s. If collision between particles and bar is
completely inelastic, both particles strike with the bar
simultaneously. The velocity of centre of mass after
collision is:
(a) 2m/s
(c) 10 m/s

(b) 4 m/s
(d) 16 m/s

. A body is dropped and observed to bounce a height

greater than the dropping height. Then

(a) the collision is elastic

(b) there is additional source of energy during collision
(c) it is not possible

(d) this type of phenomenon does not occur in nature
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44.

45,

46.

47,

48.

* 49,

When two bodies collide elastically, the force of
interaction between them is:

(a) conservative

(b) non-conservative

(c) either conservative or non-conservative

(d) zero

-In the case of super elastic collision :

(a) initial K.E. of system is less than final K.E. of system
(b) initial K.E. = final K.E.
(c) initial K.E. > final K.E.
(d) initial K.E. > final K.E.

The graph between the fraction loss in energy in a
head-on elastic collision and the ratio of the masses of
the colliding bodies is :

=

() (d)

A body of mass M moving with a speed u has a head-on
collision with a body of mass m originally at rest. If
M >>m, the speed of the body of mass m after collision
will be nearly :

um uM
(a) M )] V-

© =

Which one of the following is the best representation of
coefficient of restitution versus relative impact velocity ?

ke 12

(d) 2u

(@ v b) v
a /" e
() v dy v

A block of mass M lying on a smooth horizontal surface
is rigidly attached to a light horizontal spring of force
constant k. The other end of the spring is rigidly
connected to a fixed wall. A stationary gun fires bullets
of mass m each in horizontal direction with speed v one
after other. The bullets hit the block and get embedded
in it.

* 50,

51.

52.

53.
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m|l— & | M #rommm

S O O e e

The first bullet hits the block at t =0. The second bullet

hits at t=2n .‘VIA—A%—m-' the third bullet hits at
t=2m \/w +27 \_/M 4}-(2m and so on. The maximum

compression in the spring after the nth bullet hits is:

vk 3/2
5 &3/2 (b) ML
(M + nm) nmug vk
Vnmogk | __nmyy
TR e d T
(M +nm)>? (@) Vk (M +nm)

In the given figure four identical spheres of equal mass
m suspended by wires of equal length I so that all
spheres sre almost touching to each other. If the sphere
1 is released from the horizontal position' and all
collisions are elastic, the velocity of sphere 4 just after
collision is :

12 S P R ) e O ) G S ) P |
ey

...... =T

L1
]

1 2 3 4
(@) V2glo (b) V3gly
Vgl
© ¢k @ 5

A ball moving with a certain velocity hits another
identical ball at rest. If the plane is frictionless and
collision is elastic, the angle between the directions in
which the balls move after collision, will be :

(a) 30° (b) 60°

(c) 90° (d) 120°

A shell is fired from a cannon with a velocity v at an
angle 6 with the horizontal direction. At the highest
point in its path, it explodes into two pieces, one retraces
its path to the cannon and the speed of the other pieces
immediately after the explo- sion is:

(@) 3vcos6 (b) 2vcos 6"

2N
(©) “Elv cos 6 (d) ‘{)—Bvcose

J
A smooth steel ball strikes a fixed smooth steel plate at
an angle 6 with the vertical. If the coefficient of
restitution is e, the angle at which the rebounce will take

place is:

@) (b) tan"! [t—“f‘—e]
=1l =

(c) etan @ (d) tan {_tan 6]
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* 54.

55.

56.

57.

58.

59.

60.

Two negatively charged particles having charges e; and
¢, and masses m; and m; respectively are projected one
after another into a region with equal initial velocities.

Ad Y
]
5 el
b

f’ A1
’ L)
/ \
¢ \
’
A \
/

0 \

v

The electric field E is along the y-axis, while the direction

of projection makes an angle o with the y-axis. If the

ranges of the two particles along the x-axis are equal then

one can conclude that:

(a) ey=e; and my=my (b) e;-e; only

(c) my=m; only (d) eymy =eymy

If two bodies A and B of definite shape (dimensions of

bodies are not ignored) A is moving with speed of 10

m/s and B is in rest. They collide elastically. Then :,

(@) body A comes to rest and B moves with speed of
10 m/s

(b) they may move perpendicular to each other

() A and B may come to rest

(d) they must move perpendicular to each other

All surfaces are frictionless. The speed of ball just before
striking is 24 m/s, the coefficient of restitution e=0.8.
The velocity of ball just after collision is:

(j)\%{[/
]

(a) 18 m/s

(c) 172 m/s

In classical system :
(a) the varying mass system is not considered

(b) the varying mass system must be considered

(c) the varying mass system may be considered

(d) only varying of mass due to velocity is considered

(b) 122 m/s
(d) none of these

A body in equilibrium may not have :

(a) momentum (b) velocity

(c) acceleration (d) kinetic energy

A machine gun fires 120 shots per minute. If the mass of
each bullet is 10 g and the muzzle velocity is 800 m/sec,
the average recoil force on the machine gun is:

(a) 120N (b) 8N

(c) 16 N (d) 12 N.

A machine gun fires a steady stream of bullets at the rate
of n per minute into a stationary target in which the

61.

62.

* 63,

64.

65.
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bullets get embeded. If each bullet has a mass m and
arrive at the target with a velocity v, the average force
on the target is:

60v

(@) 60mnv (b) =
mnvo mo
© o @ 6on

A gun is ‘aimed’ at a target in line with its barrel. The

target is released at the every instant the gun is fired. The

bullet will :

(a) hit the target (b) pass above the target

(c) pass below the target (d) certainly miss the target

Two boys of masses 10 kg and 8 kg are moving along a

vertical rope, the former climbing up with acceleration

of 2 m/s® while later coming down with uniform

velocity of 2 m/s. Then tension in rope at fixed support

will be (Take g =10 m/s“):

(a) 200 N (b) 120-N

(c) 180N (d) 160 N

Two blocks m; and mjp

(my>m;) are connected

with a spring of force

constant k and are

inclined at an angle ©

with horizontal. If the

system is released from

rest, which one of the

following statements is/

are correct ?

(a) Maximum  compression in
(my—-my) gsin 0

k

(b) There will be no compression or elongation in the
spring if there is no friction any where

(c) If m; is smooth and mj, is rough there will be
compression in the spring

(d) Maximum  elongation in
(m1—my) gsin 0

k

The end of uniform rope of mass m and length L that is

piled on a platform is lifted vertically with a constant

velocity v by a variable force F. The value of F as a lifted

position x of the rope is:

(a) T @r+v)

the

spring  is

if there is no friction any where

the spring s

if all the surface are smooth

(b) m(gx+ vz)

(c) % (gx2 + xv) (d) none of these

L
A truck moving on a smooth horizontal surface with a
uniform speed u is carrying stone-dust. If a mass Am of
the stone-dust leaks from the truck in a time At, the force
needed to keep the truck moving at uniform speed is:

uAm du
(c) u am -+ (An) du (d) zero

At dt
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66. An athelete diving off a high spring board can perform

a variety of physical moments in the air before entering
the water below. Which one of the following parameters
will remain constant during the fall? The athelete’s :

(a) linear velocity

(b) linear momentum

67.

137

A YO-YO is a toy in which a string is wound round a
central shaft as shown in figure. The string
unwinds and rewinds itself alternately
making the YO-YO rises and fall. The ratio
of the tensions in the string during descent
and ascent is :

(@ 1:1
(c) ri:mp

(b) r3:1y
d) r:1

(c) moment of inertia
(d). angular velocity

Answers

Level-1

1. (0 2. (d) 3. (o) 4. (o) 5. (d) 6 (b) 7. (a) 8. (b) 9. (a) 10. (a)
1. (b) 120 (@ 13. () 14. () 15 (@ 16 () 17. (¢ 18 (b)

Level-2
1. (o) 2. (b) 3. (a) 4. (b) 5. (d) 6. (d) 7. (d) 8. (d) 9. (a 10. (b)

11. (b) 12. (c) 13. (b) 14. (a) 15. (c) 16. (d) 17. (a) 18. (c) 19. (c) 20. (o)
21. (b) 22. (a) 23. (a) 24. (d) 25. (a) 26. (d) 27. (o) 28. (c) 29. (d) 30. (d)
31. (d) 32. (d) 33. (e) 34, (d) 35. (d) 36. (b) 37. (d) 38. (a) 39. (d) 40. (o)
41. (a) 42. (b) 43. (b) 4. (a) 45. (a) 46. (a) 47. (d) 48. (a) 49. (d) 50. (a)
51. (c) 52. (a) 53. (b) 54. (a) 55. (b) 56. (b) 57. (c) 58. (c) 59. (c) 60. (c)
61. (a) 62. (a) 63. (b) 64. (a) 65. (d) 66. (d) 67. (a)
Solutions
Level-1
3. My vq+mgog=0 10. uy=4m/s u=3m/s
3 @i - 0,
M4 VA 200x10™ x 0.3
vp=-— m ST 400 10_3 m1=3kg m2=4kg
3 % miuy +malpy = (my + myyv
1904 3l 5 3x4+4x(-3)=(3+4)
400 _
v=0
4, myv—mv=(m+m)v 11. mv — 2mv =mv, + mv,
2l “0=01+71y (l)
5. Mv=%v1+%Mvz -0y y
; and v+2v=1 = v,-v1=3v ... (ii)
Mo = é Mo, (- v1=0) Solving egs. (i)-and (ii),
vy~ vy =30
vy = 4_;’ v+ 0=V
20, =2v
7/ mv = (m + 2m)v, S =D and -1 = 2v v = -2v
LI 12, 15m + 10m = mvy + mv,
g 25=v1+v, ()
- 2 o -
9 K=-1-mv2=1:<m (mv7) _ (mv) or K=i— and (453 '01=1
2 2 m 2m 2m Uy —uy
Ki pp 2 L=
Ki_pi 2m 3 p6 = 2o
Kz 2m1 p% 1 P2 2
= vy -v1=5 ...(ii)
P1_,q vy +v,=25
P2 . v, -1 =5
p1:p2=1:1 . 2v,=30

v, =15m/s,v; =10 m/s
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Syllabus: General motion of a rigid body, nature of rotational motion, torque, angular momentum, conservation of angular momentum

and its applications, moment of inertia and its physical significance, parallel and perpendicular axes theorem, expression for

moment of inertia for ring, disc and sphere.

Review of Concepts

1. Moment of Inertia
(i) Calculation for moment of inertia by digits:

y

LR

v

M.L about an axis of symmetry is
Mass x the sum of squares of perpendicular semi axis

3or(4orb5)
where denominator to be 3 or 4 or 5 according as the
body is rectangular, elliptical (including circular) or
ellipsoidal (Including spherical) e.g., for ellipse,

LM
o 4 .
(i) Expression for moment of inertia of a lamina about
an axis passing through origin making an angle 6
with x-axis is

I=1I, cos? 9+Iysin29—2Fsin9cose
where F =3 mxy = the product of inertia.

(iii) In the case of symmetrical two dimensional bodies,
the M.L for all axes passing through centre of mass
and in the plane of body will be same. Both axes
need not to be perpendicular to each other.

(iv) The angular velocity of all points of a rigid body
are same.

(v) The areal velocity is given by %rzco.

(vi) If a number of coplanar forces are acting on a
system, then the sum of torques of all forces about
any point is equal to torque of resultant force about
the same point.

(vii) Couple can not be balanced by a single force.
(viii) Friction is responsible for pure rolling motion but
dissipation of energy against friction is zero.

(ix) Couple is always balanced by a couple. It is not
balanced by a single force.

(x) Twice the vector area of a closed plane polygon is
equal to the sum of torques about any point in the
plane of the polygon of forces represented by sides
of polygon taken in order.

(xi) The sum of moment of masses about its centre of
mass is always zero.

(xii) 0 =2nn, where n =the number of revolutions.

(xiii). Angular displacements of all points of a rigid body
are same. But in the case of non-rigid body, greater
the distance of the point from the axis of rotation,
greater will be its angular displacement.

(a)

P, P,
Rigid body 6,=0,

Non-rigid body 6,<6,
(xiv) Rolling motion on an inclined plane:

. 2¢ssin @
velocity v = —
; / A S
1+ E
sin
accelerationa - 2
i+ =

where, s = distance of inclined plane
K =radius of gyration
R =radius of symmetrical body

(xv) The angular velocity depends on the point about
which rotation is considered.

(xvi) Angular velocity of a point whose motion is in a
plane:
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Let a point P be in motion in a plane if O be a fixed point,
OX is a fixed line in the plane.

Q
+P
5
0 X X

_de

T at

£ZPOQ=A0

OP=r

OQ=r+Ar

OY is perpendicular on PQ. Let Q (r + Ar, 0 + AB) is the
position of the point P after time t + At where At is very

small.
P
v= lim PQ
At—>0 At

But %r (r + Ar) sin A® = area of OPQ = PQ x OY

or r(r+Ar)sin A6 =2PQ xOY
240 2PQ

or TR x QY
d

or 12df—2vxp

where p = perpendicular from the point O upon tangent

at P to the path of the moving particle.

(xvii) Areal velocity: The rate at which area XOP
increases per unit time where X is the point in
which the path of P meets OX,

Q (H+Ar08+4A0)

(r.8)

¥
o= X
areal velocity = e lim AT ORPOQ

At 0 At

1 :
JA 3 (r + Ar) sin (AB)

% o At
_140_1 40
T20 At 27 dt
dA 1 »
qp g

(xviii) Moment of inertia depends upon the position of
the axis of rotation.

(xix) The moment of inertia of a body about a given
axis depends upon mass, the shape and size and
the distribution of masses from the axis of
rotation.
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(xx) The large moment of inertia helps keeping the
motion uniform.

(xxi) If a number of torques acted on a system and the
system is in rotational equilibrium, then
clockwise torque = anticlockwise torque

(xxii) If a body or system is in complete equilibrium,
then net force and net torque on the body or
system are zero.

(xxiii) In the case of couple, the sum of moment of all
forces about any point is the same.

(xxiv) Conservation principle of angular momentum

T=13
where T is the component of angular momentum
along the axis of rotation.
If Y 1=0, then —L’= constant
(xxv) Angular impulse = f Tdt

—
S -
?:d—d-; and L=m (T)x 7)

dr
The angular momentum of a system about a point O is
given by

dL {ﬁ £x+££x }

i — =
2 mxX v
1=1
—

L= Lcm+mr(,x v(,

=y
L=
—

_)
where L., =the angular momentum as seen from the

centre of mass frame, m?(,x"z, represents the angular
momentum of body if it is assumed to be concentrated
at the centre of mass translating with the velocity _30.
e.g., we consider a situation shown in the figure, In this
situation a solid sphere of radius R and mass m performs
pure rolling motion. If we want to calculate the angular
momentum of the sphere about origin O, then we can
use the formula

- =
- -
L=Lpt+tmr,x v,
. = - 2
In this case, MLm= ©®==< mR%0

5
v,=Rw (for the pure rolling motion)
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4 . =y = . :
In the given figure, 1 1;% v,| =7,v,sin 0 =v,r,sin 6

sin 0 = By
rt'l

e
[ r,x v, =9,R

In A OCB, . R=r,sin O

-
The directions of r,x v, and L., are same to each other.

¥
o
3 c S
R
o} 5 %

- = Al -3
L=L.n+m(r,x v,)

_‘) FI“ 7
I LI =ngvo+vaR=EmRvo

2. A uniform rod of mass m and length [ is set rotating
with the constant angular velocity. tne work is minimum for
setting motion when the axis is passing through the centre of
mass.

] =V
Vem
V=ro
L ch
(&) (b)
Translation Rotation
f=0,0=0 Kr=0
Ky=1/2 mv%,, K =1/2 Io?
Kr=0
Nem
VCFTI
v=0
(c)
Rolling
fr=0
Uem = R®
K=Kr+Kp

Here, f, = force of friction
Kr = translatory kinetic energy
KR =rotatory kinetic energy
Vem = the velocity of centre of mass

(i) If no relative motion is found between surface and
the point of contact, then the motion is rolling
without slipping or pure rolling motion.

(i) The rolling motion may be treated as pure rotatory
motion about an axis through the point of contact.

(iii) The velocity of instantaneous axis is same as that
of the centre of mass of the body.

Rotation

(iv) If a body performs pure rolling motion, then the
path of any point on the surface of body is cycloid.
3. Rolling Motion on an Inclined Plane: We consider
an inclined plane of 8 inclination
on which a body performs pure
rolling motion. At any instant ¢,
the body is at a height from the
horizontal surface.
We suppose that body is
released from height .
According to conservation
principle of energy,

1 1
mgh= 5 In? + 3 mvgm
But Uem = 10
mgh = % I + % mre?
or mgh:-,l;mvz[l+-—f-3J
= mr
1 2 .
or mgh=5mv B ...()

where B is a constant for a given body.

The value of B does not depend upon mass and radius
of the body. It only depends upon shape of the body. The
value of B is always greater or equal to one.

From the equation

P
2gh
02=-‘[§— (where h -5 sin 8)
5 dv 28sinb gs
or YaT B at
ds
But V=
a_gp gsin 0
a- B
=12
s—zat
1 ~[2nB
t ==y
sin® = g

. Two bodies of the same shape but of different masses
and radii reach the bottom at the same time.

(i) In the case of rolling, slipping and falling from the
same height, the speeds of sliding and falling are
equal but that of rolling is lesser, acceleration is
maximum in falling and minimum in rolling.

(ii) The falling body reaches the bottom first and the
rolling body reaches the bottom last.

(iii) Asfactor f=1+ —I—,, depends on shape of body and

mr-
is independent of mass so, if a solid and hollow
body of same shape are allowed to roll down an
inclined plane then as s < bu. solid body will reach
the bottom first with greater velocity.
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(iv) If a cylinder, ring, disc and sphere roll on inclined
plane then as B, =max while B, =min, the sphere

(v) Comparison of various motions of a body on an inclined palne:

147

will reach the bottom first with greater velocity
while ring will reach: the bottom with least velocity.

Physical
G
l\?'; i Velocity Acceleration Time of descend
"| Motion
.= - |= e e E — T = #
! B (1+K*/RY s EJ "“sin® | g | cin® g
R2
2. |Sliding motion vy =V2gh =\2gs sin 8 a;=gsin 0
& 8 8 8 T 1 2h)_ 2s
$"sin® (g | 'lgsin®

3. |Falling motion vf= V2gh a=g

4. Mass Moment of Inertia of Common Geometrical Shapes :

Rectangle
s 1 7. i
o y y
E T mh
_1 2 I
I, = 3 mb ! ”
G
_ mh® l
73
X
< —_—
L= 4 mb* ]
3
1 42 2
1= 13 b=+ k) 4
Triangle
’ 1 2
L.=—mh l
=S
h
x
Iy =% nh* l h
¥ x
fe——b——>
y
Circle
_pm?
L=I,= 1 5 X
mr KJ
Iy= >
Semicircle y
.fx = Iy - ng_z \
$C
mr* ,
l="5 Ole—r—
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Quarter circle

ly=l= 1—12— mL?

nir Y
I\ = IJ-’ :T /—_\ ?h
2 2 Vv,
I _ta g
¥= 4 5 —x
r
f”:ﬂ(z_i_b:!] T
4
Slender rod y
: [ p”

Thin reclangular plate

1 2 o
!_T:Em (T

Iy = -lli !HC-:
L= 1—12 "

Rectangular prism

= ]1—7 (B +c7)

1 a Q.
mic-+a)

‘r.ir*:ﬁ

S Y
.fz-lzm (@ + b9

Thin disc

Circular ecylinder

1
Li== ma”

2

ly=IL= £ m (3a% + sz]

12 /
Circular cone
= ma* h

Sphere

e _ R s Weys

s s o TR
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Objective Questions

Level-1

. A sphere of mass 5 kg and radius 1 m rotates about a
tangent. The moment of inertia of the sphere is:

(a) 5 kgm2 . (b) 2 kgm2

(c) 7 kgm2 (d) none of these

. Asolid cylinder of mass 1 kg and radius 10 cm is rotating
about its natural axis. What is the moment of inertia of
cylinder ?

(a) 5kgm? (b) 5x 10~ kgm?

(c) 10 kgm;' (d) None of these

. A ring of mass m and radius r is suspended from a
horizontal nail in a vertical wall in a room. The moment
of inertia of the ring about the nail is:

(@) MR? (b) 2MR?
(c) 4MR? (d) 8MR?

. The moment of inertia of a thin uniform circular disc

about one of the diameters is I. Its moment of inertia
about an axis perpendicular to the plane of the disc and
passing through its centre is:

(@) V21 () 21
© 3 @ 75

. A thin uniform rod is rotating about an axis passing
through its centre and perpendicular to its length,
moment of inertia is Ip. M.I. of rod about an axis through

one end and perpendicular to the rod will be:
1

@ 5 (b) 31

(© 51 (d) 41

. Three thin uniform rods, each of mass m and length [ lie
along x, y, z axes with one end of each at the origin. The
moment of inertia about the z-axis for the three rod
system is:

2 2 1 2
(a) 3ml (b) 3ml

© %mz2 d) mP

. The moment of inertia of two bodies are I; and ;. Their

geometrical shapes are same, the first made of iron and

the second of aluminium, then:

@) L<bh

(b) =1

() h>I

(d) relation between I; and I, depends on the actual
shape of the bodies.

. A naughty girl sits stationary at the back end of a long
trolley moving uniformly with speed v on a smooth
horizontal floor. If she gets up and runs forward, then
the speed of the centre of mass of (trolley and girl)
system :

(a) increases

(b) decreases

10.

11.

12,

13.

14.

15.

16,

(c) remains the same
(d) depends on the speed of girl

A ball is rolling on a rough horizontal surface. It
gradually slows down and stops. The force of friction
tries to:

(a) decrease the linear velocity

(b) decrease the angular velocity

(c¢) increase the linear momentum

(d) decrease the angular velocity

The angular momentum of a projectile projected at
angle 6 with, the horizontal with speed u about the point
of projection when it is at the highest point is:

2 .2
mu” sin”“ 0 mu cos 0
() S (D) ===
g g
©) mu- sin” 6 cos 8 (d) none of these

2
Two cylinders P and Q are of equal mass and length but
made of metals with densities p,, and p Q (Pp>p Q). If their

moment of inertia about an axis passing through centre
and normal to the circular face be Ip and Io, then :

(a) IP=IQ (b) IP>IQ

(C) IP<IQ (d) IP<IQ

Radius of a ring is 4 cm and its mass is 10 gm. Its
moment of inertia about an axis passing through its
centre and perpendicular to its plane is :

(a) 160 g-cm2 (b) 80 g-cm2

(c) 16 g-cm2 (d) none of these

A cubical body .of mass m and edge a slides down a
rough inclined plane of inclination o with a uniform

velocity. The torque of the normal force on the body, has
magnitude :

(b) % mga sin o

(c) mga (d) zero

The kinetic energy of a ring of mass m and radius r
which rotates about an axis passing through its centre
and perpendicular to the plane with angular velocity o,
is:

(a) mgacos o

(a) mra’ (b) mrPw?

2 2

(c) %mr (0] g

(d) -;: mro

A uniform rod of length 1 m and mass 1/2 kg rotates at

angular speed 6 rad s~} about one of its ends. The kine:
energy of the rod is:

@@ 1] (b) 2]

(€ 3] (d) 4]

The ratio of its rotational kinetic energy and translational
kinetic energy of a sphere, which is rolling without
slipping on a horizontal plane, will be:

(@ 5:2 (b) 2:5

(c) 7:5 d)5:7
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17.

A disc and a sphere of the same mass and radius are

- rolling. Their kinetic energies are equal. The ratio of their

18.

19.

20.

21.

22.

23.

24.

25.

velocities is :

(@) 10:7 (b) 7:10

(€) 2:5 (d) 5:2

A flywheel rotating about a fixed axis has angular speed

20rad/s™! and kinetic energy 360 J. The moment of
inertia of the flywheel is:
(@) 1.8kgm’

(c) 18 kgm?

If the angular momentum of a body increases by 40% its
kinetic energy of rotation increases by :

(a) 80% (b) 20%

(c) 96% (d) none of these

A solid sphere of mass 2 kg rolls on a table with the
linear speed 3 m/s. Its total kinetic energy is :

(@ 15] (b) 18]

(c) 12.6] (d) 11.5]

A uniform ring of mass 20 kg and radius 0.2 m is making
420/22 revolutions per minute about its geometrical axis
then, the rotational kinetic energy of the ring about the
axis is:
(a) 22 kJ
() 18]
A disc at rest have angular velocity 30 rad/s in 6 sec,
with a constant angular acceleration. The total angle
turned during this interval is :

(a) 216 rad (b) 144 rad

(c) 108 rad (d) 90 rad

Two identical discs slip from top of two identical planes
of slant length x and 2x but height k is same as shown
in figure. The velocities v; and v, acquired by the discs,

(b) 2.5 kg m®
(d) none of these

(b) 1.6]
(d) none of these

when they reach the bottom of the incline, are related as :

(@) v1=1v, (b) v1=2v;

(©) 2v1=v, (d) none of these

Two bodies A and B initially at rest, move towards each
other under a mutual force of attraction. At the instant
when the speed of A is v and the speed of B is 2v, the
speed of the centre of mass of the system is:

(a) zero (b) 3v

(c) 1.5v (d) v

A disc of mass m and radius r rolls down an inclined
plane without slipping, the speed of its centre of mass,
when it reaches the bottom, is:

26.

27.

28.

29,

30.

31.

32.

33,

Rotation

(@) 2gh ®) [%gh]
© [%gh] @ \’[gh]

The angular velocity of a body is a=21+7+4% A
torque T=21+2j +2% acts on it. The rotational power
is :

(@) 14W
(c) 15W
A rigid body is rotating with angular acceleration o and
moment of inertia of the body is I. If the power supplied
to the body is P, its instantaneous angular velocity is :

(@) Pla ) I%

(b) 10W
(d) none of these

© 2 @ 52

Radius of gyration of a body about an axis at a distance
of 4 cm from its centre of mass is 8 cm. The radius of
gyration about a parallel axis through its centre of mass
is:

(@ 7 cm
(c) 4 cm
A constant couple of 200 Nm turns a wheel of moment

(b) 3 cm
(d) none of these

of inertia 50 kgm2 about an axis through its centre. The
angular velocity gained in 4 second is:

(@) 4 rad/s (b) 16 rad/s

(c) 8rad/s (d) 2 rad/s

A particle of mass 20 g is moving with linear velocity
5im/s and ‘having position vector Bi+ 4?) m about
origin. The angular momentum of its particle is:

@) 4%kJs ) -4%Js

© -04kjs (d) 0.4%7s

A body of mass m is moving in a plane along a circle of
radius r. Its angular momentum about the axis of
rotation is L. The centripetal force acting on the particle
will be:

12 L*m
(a) = (b) =
13 12
d
© mr® (@ mr?

The distance between the sun and the earth be ‘7' then
the angular momentum of the earth around the sun is
proportional to :
(@) vr .

(© r

A ceiling fan of moment of inertia 0.6 kg m* is turned up

(b) 2

(d) none of these

in
to working speed ‘—n"- rps. The angular momentum of the
fan is:
(a) 6kgm®s!
(€) 0.12kg m?s™?

(b) 12kgm2s!
(d) none of these




Rotation

Level-2

1. Mark correct option or options :

(a) Radial acceleration is equal to time derivative of
radial velocity

(b) Radial acceleration is not equal to time derivative of
radial velocity

(c) Transverse -acceleration is
transverse velocity

(d) Both (b) and (c) are correct

2. A rigid body rotates with constant angular velocity ®

time derivative of

about the line x=%=-z~/ the speed of particle at the

2
instant, it passes through the point (2, 3, 5) is :
(@) o (b) 2w
(©) 3w (d) V2w

3. The instantaneous velocity of point B of the given rod of
length 0.5 metre is 3 m/s in the represented direction.
The angular velocity of the rod for minimum velocity of
end A is:

a0

(@) 1.5 rad/s
(c) 2.5 rad/s
4. A car is moving in a circular horizontal track of radius
10 m with a constant speed of 10 m/sec. A plumb bob is
suspended from the roof of the car by a light rigid rod
of length 1 m. The angle made by the rod with the track
is: (Take g =10 m/sz)
(@) zero (b) 30°
(c) 45° (d) 60°
5. If a body completes a vertical circle, then
(a) total energy of body remains constant
(b) angular momentum remains constant
(c) angular velocity remains constant
(d) none of the above

(b) 5.2 rad/s
(d) none of these

* 6. A block of mass m having coefficient of friction p with
the floor F is placed at one end of the spring. The spring
is attached to this block and a vertical shafts. The floor
with the shaft is given an angular acceleration a. Then:

I (557 21
T e s

10.

11.

12.
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(a) the spring cannot elongate before ¢ . \lil'-l‘g;
o

(b) the spring elongates as soon as the rotation starts

(c) the stored energy in the spring- goes on increasing
right from t =0 onwards

g

n
<

lo

(d) the maximum spring force acts at =V

Moment of inertia of a copper sphere :

(a) depends upon temperature

(b) depends upon angular velocity

(c) depends upon the position of axis of rotation

(d) both (a) and (c) are correct

Let I4 and Ig be moment of inertia of a body about two

axis A and B respectively. The axis of body A passes
through the centre of mass of the body but B does not.
Then:

(@) Ia<Ip

(b) if I4 <Ip, the axes are parallel

(c) if the axes are parallel I4 <Ip

(d) if the axes are not parallel [, > I

An arc making 120° at the centre
of ring of mass m and radius r is
cut from the ring. The arc is made /
to rotate about z-axis pcrpen- '-
dicular to its plane and passing
through the centre of the ring. The
moment of inertia of the arc about
the z-axis :

L]

(a) mr? (b) '"—;2
© ”’7'2 (d) %

Mass of bigger disc having
radius 2R is M. A disc of
radius R is cut from bigger

disc as shown in figure. o5 A _
Moment of inertia of disc ' of;:gltz fion
about an axis passing
through periphery and
perpendicular to plane
(shown in figure) is:
27MR” 29MR’
@ =5 (b) =5
(©) 3.5MR (d) 2MR?

The ratio of the radii of gyration of a circular disc and a
circular ring of the same radii about a tangential axis in
the plane is :

(@ 1:2 (b) ¥5:V6

(c) 2:3 (d 2:1

The M.I. about an axis of symmetry is given by (mass

x sum of squaré of perpendicular semi axes) x ;11- Then:
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13.

14.

15.

16.

17.

18.

19.

(a) if n=3, body is rectangular

(b) if n=4, body is elliptical

(c) if n=>5, body is spherical

(d) all the above

The moment of inertia of a uniform solid right circular
cone of mass 10 kg, height 2 m and vertical angle 90°
about a diameter of its base, is:

(@) 10 kgm? (b) 20 kgm?

(c) 30 kgm2 (d) none of these

Ram says, “A body may be in pure rotation in the
presence of a single external force.” Shyam says, “This is
possible only for a non rigid body”, then:

(a) Ram’s statement is correct

(b) both statements are correct in different situations

(c) both statements are wrong

(d) both statements are stated by physicists

A particle of mass m rotates in a circle of radius a with
a uniform angular speed wy. It is viewed from a frame
rotating about the z-axis with a uniform angular speed

®. The centrifugal force on the particles is :
(a) mwa (b) mmga
2
o+
() m[ ._,mo a (d) meoy

The formula that torque equals the rate of change of

angular momentum is true in following general cases:

(a) a fixed axis in inertial space

(b) an axis through the centre of mass even though the
object may be accelerating

(c) a variable axis in inertial space

(d) both (a) and (c) are correct

Mark correct option or options :

(a) The vector product of two polar vectors may be axial
vector

(b) The vector product of two polar vectors must be axial
vector

{(c) The sense of direction of axial vector depends on the
handedness of reference frame

(d) Both (b) and (c) are correct

If a raw egg and a boiled egg are spinned on the table

by applying same torque, then :

(a) boiled egg will spin faster

(b) raw egg will spin faster

(c) moment of inertia of boiled egg will be lesser than
that of the raw egg

(d) both (a) and (c) are correct

The torque Ton a body about a given point is found to

2. —=5. .
be equal to A'x L where A is constant vector and L is
the angular momentum of the body about that point.
From this it follows that:

=

S X = ! 1
@) == is perpendicular to L at all instant of time
i

(b) the component of -I-: in the direction of X does not
change with time

20.

21.

22.

* 23,

24,

25.

26.

Rotation

(c) the magnitude of L does not change with time
(d) all the above

Mark correct option or options :

(a) For neutral equilibrium, the potential energy is constant

(b) In stable equilibrium, potential energy is minimum

(c) For unstable equilibrium, potential energy is neither
constant nor minimum

(d) All the above

If a body is moving on a horizontal table with constant
velocity, then equilibrium is :

(a) stable (b) unstable

(c) neutral (d) none of these

A portmanteau of length 1.5 m and height 1 m is carried
up stairs by two men, who hold it by the front and back
edges of its lower face. If the portmanteau is inclined at
30° to the horizontal and weighs 100 kg, how much of the
weight each man support ?

(a) 6925 N and 30.75 N (b) 6.925 N and 3075 N

(c) 500 N and 600 N (d) 400 N and 600 N

The tricycle weighing 20 kg has a small wheel
symmetrically placed 1 m behind the two large wheels,
which are also 1 m apart. If the centre of gravity of
machine be at a horizontal distance of 25 cm behind the
front wheels and the rider whose weight is 40 kg, be 10
cm behind the front wheels. The thrust on each front
wheel is:

(a) 255 N {b) 90 N

(c) 200N (d) 400 N

Two halves of a round homogeneous cylinder are held
together by a thread wrapped round
the cylinder with two equal weights.
The complete cylinder weighs
31.4 kg. The plane of contact of both
of its halves is vertical. For equili-
brium of both halves of the cylinder,
the minimum value of m is :

(a) %g (b) 3.14 g
© £kg @ stag (] =]

A 1od of length L is pivoted at one end and is rotated
with a uniform angular velocity in a horizontal plane.

Let T; and T; be the tensions at the points é and 34—1" away

from the pivoted end. Then:

(@ Th>T,

(b) T,>T,

() h=T,

(d) the relation between T; and T, depends on whether
the rod rotates clockwise or anti-clockwise

A rectangular plate of mass 20 kg is suspended from
points A and B as shown. If the pin B is suddenly
removed, determine the angular acceleration (in

rad/sec?) of the plate:
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27.

* 28.

* 29,

30.

0.15m

0.2m
(a) 48 (b) 19.6
(c) 294 (d) 23.6

A uniform rod of length I and mass
m is suspended by two vertical
inextensible string as shown in
figure. Then tension in the left string
when right string snaps, is :

3
@) 52 ®) 2
© = @

Two uniform equal ladders AB and AC, each of weight

‘w’ lean against each other and a string is tied between

B and C. They stand on a

smooth horizontal surface.

Then:

(a) the force exerted by one
rod on the other at A is
equal to the extension T
in the string

(b) tension T:l'% cot @
l # A

(c) the normal reaction at B and C are equal

(d) both (a) and (b) are correct

In the given figure, the mass of blocks A and B are my
and my respectively, the

pulley is circular disc of B
mass tm and radius r. The
pulley is free to rotate
about O. No friction exists
between A and B and the
floor. The magnitude of
acceleration of block B is
ag- Then the magnitude of L]

acceleration of A is:
@ a (b) 24

(0) V24 @ g

A simple pendulum is vibrating with an angular
amplitude of 90° as shown in the figure. For what value
of o, the acceleration is directed horizontally ?

() 0
(b) 90°

V3

(d) sin™ l-\l—l:),_-]

(c) cos ™!

31.

32.

33.

34.

35.

36.

37.
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A rod of length L is hinged from one end. It is brought
to a horizontal position and released. The angular
velocity of the rod when it is in vertical position, is:

@ \/% (b) \/?
© \/% (@ \/E

A light rod carries three equal masses A, B and C as
shown in figure. The velocity of B in vertical position of
rod if it is released from horizontal position as shown in
figure is :

(a) V2gl

(b) %gl
o VE
@ VE

The kinetic energy of a lamina moving in its plane is :

@) M @ + KoY (b) % M (6 4 Kood)

© %Ia)z (d) none of these

Mark correct option or options :

(a) The centre of gravity may be coincided with centre
of mass

(b) Due to movement of body, centre of gravity changes
but centre of mass does not change

(c) The centre of gravity must not be coincided with the
centre of gravity

(d) The centre of gravity is always above the centre of
mass

At any instant, a rolling body may be considered to be

in pure rotation about an axis through the point of

contact. This axis is translating forward with speed :

(a) equal to centre of mass

(b) zero

(c) twice of centre of mass

(d) no sufficient data

In the case of falling, rolling and sliding from same

height :

(a) the falling body reaches bottom first and rolling at
last

(b) the acceleration is maximum in falling and minimum
in rolling

(c) the velocity of sliding is greater than that of rolling

(d) all the above

A sphere of radius R is
rolling on a rough
horizontal surface. The
magnitude of velocity of
A with respect to ground
will be:
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38.

39.

40.

*41.

42.

(a) \[z—vcm

(b) 2v.y sin b

(©) V2u VI +sin @
(d) no sufficient information

When a wheel moves a distance shorter than 2nR while
making one rotation, then:

(@) Yem<Ro (b) vem <Rw

(¢) vem>Ro (d) vem>Ro

If a body moves through a distance greater than 2nR in
one full rotation. Then:
(a) Uem> Rw

(©) vem>Ro

(b) v <R

(d) vem <R

A circular disc of radius R rolls without slipping along
the horizontal surface with constant velocity vy We
consider a point A on the surface of the disc. Then the
acceleration of the point A is:

(a) constant

(b) constant in magnitude

(c) constant in direction

(d) constant in magnitude as well as direction

The bobbin with thread around it lies on a horizontal
floor and can roll along it without slipping. Both pulleys
P; and P, are light and frictionless. The pulley P; moves
downwards with constant velocity vg. The velocity of
centre of mass of bobbin is :

==

e e

Vo
'U()R
@ r_—,
2uR
R
[

in forward direction

in backward direction

(b)

—-r
oR
R-r

200R —_—
(d) R_, 0 forward direction

in backward direction

(©)

In the given figure, the sphere rolls without slipping on
the plank which is
moving with constant

velocity vg. The radius G_’Vam
and angular velocity of
the sphere is r and ®
respectively. The velocity
of centre of mass of the

—PVp

sphere is :
(@) yp+row (b) vy—rw
() ro (d) oo

43.

44.

45.

+* 46.

* 47.

Rotation

In the given figure, a solid sphere is placed on a plank
having acceleration gy (shown in the figure). Then :

Ce
B —eV;

I
(a), if a,=ag, pure rolling takes place

(b) if v, =vy, pure rolling takes place

(c) if a,=aq, v, # vy pure rolling takes place
(d) if a,=ag, v, =1y, pure rolling takes place

In the given figure, for pure rolling of spheres:

(a) friction on B is in forward direction

(b) friction on A is in backward direction

(c) friction on A and B are in forward direction

(d) both (a) and (c) are correct

A uniform sphere of radius a rotating with an angular
velocity @ about an axis perpendicular to the plane of
motion and its centre impinges on a horizontal plane, let
u and v are horizontal and vertical component of velocity
before impact. Then :

(a) if u-=aw, u and o are unaltered

(b) if u=4aw, surface is frictionless

(c) if u>aw, angular velocity increases

(d) all the above

An imperfectly rough sphere moves from rest down a
plane inclined at an angle a to the horizontal. The
coefficient of friction between the inclined plane and
sphere is . Then

(@) ifuc< % tan o, then the sphere never rolls

(b) if u=—§-tan o, then the maximum friction always

being exerted
(c) u> 2 tan o, then pure rolling takes place
J P & P

(d) all the above

A ball rolls down an inclined groove acquiring a velocity

vras it reaches the bottom. If the same ball slides without

friction rather than rolled from the same height down a

similar *zzck to acquire a velocity v, which of the

following statements is true ?

(@) V< Vs because work must be done by the rolling ball
against frictional forces

(b) vr> v, because the rotational kinetic energy acquired
makes the rolling ball travel faster

(c) vy=v; because K.E. must be conserved

(d) vr<wv, because the rolling ball acquires rotational as
well as translational K.E.
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48,

49,

50.

51.

52.

53.

A rod AB of mass 10 kg tied with ¢
a string at C such that AC=AB. At
6=30°:

(@) rod is in equilibrium

(b) the force of friction on the rod
by ground is 25 N

(c) the force of friction acts in the
forward direction

(d) all the above

In the given figure :

o 2 e el

55.

(a) if ball performs pure rolling then friction in surface oK
is absent

(b) if air resistance is absent, after point A, angular
momentum of ball remains constant

(c) after A, path of centre of mass is parabolic

(d) both (b) and (c) are correct

A uniform rod is placed vertically on a smooth surface

and then released. Then :

(a) the centre of mass of rod follows straight line path

(b) the centre of mass of rod follows circular path

(c) the instantaneous axis is passing through the contact  57.
point

(d) all the above

Three links are hinged together to form a triangle ABC

as shown in the figure. At a B

certain instant, the point A is

moving towards the mid point

of BC with a velocity of 5 m/s

and B is moving at a

perpendicular direction to AC.

The velocity of point C is: &

(@) 5m/s (b) 10.4 m/s

(c) 10.8 m/s (d) 1.8 m/s 58

A ball rolls off the top of a step ladder with a horizontal )

velocity of 10 m/s. If the steps are 1 m high and 1 m

wide, the ball will just hit: %

(a) 3rd step (b) 20th step
(c) 12th step (d) 10th step
A cylinder of mass m rests in a
carriage shown. The maximum
acceleration of carriage so that
the cylinder does not loose
contact at B is:

(@) 3.66 m/s?

(b) 10 mvs?

(c) 45 mv/s?

(d) 8 m/s?

5 54
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Mark correct option or options :

(a) Rolling friction always oppose the motion of centre
of mass of rolling body

(b) - Sliding friction always oppose the motion of centre
of mass of rolling body

(c) Rolling friction depends upon hardness of the
surface

(d) Rolling friction does not depend upon roughness of
the surface

(e) (a), (c) and (d) are correct

Mark correct option or options :

(a) A uniform cube has minimum moment of inertia
about an axis passing through centre and is passing
through opposite corners

(b) The moment of inertia of a complicated shape bodies
can be determined by using inertia of table

(c) Displacing of axial vectors is meaningless

(d) All the above

A uniform cube of mass m and edge a moves on a

horizontal surface along the positive x-axis, with initial

velocity vy :

(a) during motion, N >mg

(b) during motion, normal reaction acts on the centre of
mass

(c) during motion, the normal reaction shifts towards
positive x-axis from the centre of mass

(d) during motion, normal reaction shifts in the direction
of the forces of friction

In the case of toppling of the body about the point A.

(Shown in the figure):

F
B —Vq
—>v;
Ct———bvc
A il

@) ve>vy>v1>04 (b) v1>vV>Vc> vy

(c) v4>0 (d) ve<vy<vp<v4

In the above problem, acceleration of the point A is:
(a) >0 (b) *0

(c) <0 (d) =0

Two cubes A and B of same shape, size and mass are
placed on a rough surface in the same manper. Equal
forces are applied on both the cubes. But at the cube A,
the force is applied at the top in horizontal direction. But
at the cube B just above the centre of mass of the cube
in the same manner. Then:

(a) A will topple first

(b) B will topple first

(c) both will topple at the same time

(d) none of the above
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* 60.

61.

62.

63.

64.

65.

66.

A cube of side a is placed on
rough surface (shown in the
figure). Then :

. Mg
(@) 1ff<-2' s then the body

will move m pure

rotation and will not
topple

o Mg :
(b) if F>— the body will topple

(c) if p>0.5, the body will move by toppling
(d) all the above

For the toppling of the

shown regular hexagon, the

coefficient of friction must ¥

be:

(a) >0.21
(b) <0.21
(c) =0.21
(d) <0.21

A regular polygon of n sides is placed on a rough surface
vertically as such one of the side of regular polygon
touches the surface. A force is applied horizontally at the
top. The chosen value of n are 3, 5 and 8. For which value
of n, the polygon first is likely to topple ?

(@) 3 (b) 5

(c) 8 (d) all the above

A particle performs uniform circular motion with an
angular momentum L. If the frequency of particle motion
is doubled and its K.E. is halved, the angular momentum
becomes :
(a) 2L

© 5

L =]w formula is :
(@) always correct
(b) sometimes correct
(c) always wrong

AR NN .

(b) 4L
L
@ 3

(d) physically correct but dimensionally wrong

A person can balance easily a moving bicycle, but cannot

balance a stationary bicycle. This statement is based

upon :

(a) conservation principle of linear momentum

(b) conservation principle of angular momentum

(c) conservation principle of energy

(d) all of the above principle

Mark correct option or options

(a) The angular momentum of a rotating body must be
parallel to the angular velocity

(b) The angular momentum may or may not be parallel
to angular velocity

(c) The kinetic energy of rotational body is half of
product of angular momentum anrd angular velocity

(d) Both (b) and (c) are correct

67.

69.

70.

71.

72,

Rotation

A particle is projected with initial velocity u at an angle
o above the horizontal, then variation of torque and
angular momentum with time will be:

T ‘3 L T g L
Tl :DL

t—» =

(a) (b)
A L T T

| T L
Tl Tl

t—>» —=>

(© (C)

. If a particle of mass m is projected at an angle o with the

horizontal, then:

(a) the angular momentum remains constant

(b) the linear momentum of particle remains constant

(c) total mechanical energy remains constant in the

absence of air resistance
(d) all the above

A mass m is moving with a constant velocity along a line

parallel to the x-axis, away from the origin. Its angular

momentum with respect to the origin :

(a) is zero (b) remains constant

(c) goes on increasing (d) goes on decreasing

When a body is projected at an angle with the horizontal

in the uniform gravitational field of the earth, the

angular momentum of the body about the point of

projection, as it proceeds along its path :

(a) remains constant (b) increases

{c) decreases

(d) initially decreases and increases after its highest
point

A particle of mass m is projected with velocity v moving

at an angle of 45° with horizontal. The magnitude of

angular momentum of projectile about point of
projection when particle is at maximum height, is :
3
my’
a) zero (b =
@ ) 4\2g
'3 —_
(©) == (d) m\2gh’
\/Zg ) 8

A man is standing at the centre of a big flat disc which
is rotating with angular speed ®. The man starts running
with ac3leration a with respect to disc. If M, m, I, R are
mass Jof disc, mass of man, M.I. of disc and radius.of disc
respectively, the angular acceleration of disc when man
is at a distance x from centre is:

S (o

2mx V2. b) ———— {2,
@) a+ mx2 mavaax - ( 1+ mxz) =
(c) (1—+In?)22mx V2ax  (d) none of these
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73.

74.

75.

76.

77.

78.

79.

A lady -dancer is dancing on a turn table. During

dancing, she stretches her hands. Then:

(a) the angular velocity increases

(b) the angular velocity decreases

(c) the angular velocity first increases, then decreases

(d) the angular velocity remains constant

Two particles, each of mass m and moving with speed

v in opposite directions along parallel lines are separated

by a distance 4. The vector angular momentum of this

system of the particles will be :

(a) maximum when the origin is taken beyond the two
parallel lines on either sides

(b) maximum when the origin is taken beyond the two
parallel lines on either sides

(c) maximum when the origin is taken beyond the two
parallel lines on either sides

(d) same, no point is taken as the origin

A uniform rod of length 22 is held with one end resulting

on a smooth horizontal table making an angle o with the

vertical. When the rod is released :

(a) its centre of mass moves vertically downwards on a
straight line

(b) its centre of mass remains in rest

(c) the rod rotates about a vertical axis

(d) both (a) and (c) are correct

A 70 kg man standing on ice throws a 3 kg body

horizontally at 8 m/s. The friction coefficient between

the ice and his feet is 0.02. The distance, the man slips

is :

(a) 0.3 m (b) 2 m

{©) Im (d) o

In a radioactive decay, a number of fragments are found.

If parent nucleus is initially at rest then after decay centre

of mass will:

(a) move on a straight line

(b) move in a circle

(c) remain in rest

(d) move in parabolic path

A particle of mass m strikes ...

elastically, a rod of mass M and

length L suspended from a

fixed support, then:

(a) conservation of linear
momentum can be applied

(b) conservation of angular
momentum can be applied

(c) both the above

(d) none of the above

A weightless rod of length I carries A
two equal masses m one fixed at

the end and other in the middle of

the rod. The rod can revolve in a m )B
vertical plane about A. Then
horizontal velocity which must be
imparted to end C of rod to deflect

80.

81.

82.

83.

84.
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it to horizontal position is :

@ Vg (b) 3g!
© \/% gl (d) Vogl

Two balls A and B of angular velocities w4 and wg collide
with each other. Then after collision :

(@) both have same angular velocities

(b) ws>awp

(c) w4 =wp, whe. balls are smooth

(d) ®4> o~ when balls are smooth

A uniform solid cylinder rolling without slipping along
a horizontal plane suddenly encounters a plane inclined

at angle 8 as shown in figure. The value of 8 which could
bring the cylinder immediately to rest after impact, is:

b

//
/'/
RN SR NN
(a) 90° (b) 60°
(c) 120° (d) 30°

A body whose mass is m; is acted upon at a given point

P by a blow of impulse x. If v and v’ be the velocities of
P in the direction of x just before and just after the action
of x, the change in kinetic energy is:

v+v" v+0)x
@ (%57 () EE2)E

(c) % V' +v)x

(d) all of these

A uniform rod OA of mass M and length 2z rests on a
smooth table and is free to turn about a smooth pivot at
its end O, in contact with it at a distance b from O is an
inelastic particle of mass m, a horizontal blow of impulse

. p is given to rod at a distance x from O in a direction

perpendicular to the rod. The resultant instantaneous
angular velocity of the rod is:

px px
@) ———— (b)
& M
41\{1“— +mb?
o
px
©) ——= (d) none of these
ma- + mb®

A uniform rod AB of mass m and length I is at rest on a
smooth horizontal surface. An impulse p is applied to the
end B. The time taken by the rod to turn through a right
angle is: '

ml B
(@) 2r e (b) 2n il
... wml np
) Tz_p (d) ml
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Answers
Level-1
1. (o) 2. (b) 3. (b) 4. (b) 5. (d) 6. (a) 7. (a) 8. (o 9. (a) 10. (c)
11. (o) 12. (a) 13. (b) 14. (o) 15. (c) 16. (b) 17. (b) 18. (a) 19. () 20. (o)
21. (b) 22, (d) 23. (a) 24. (a) 25. (b) 26. (a) 27. (b) 28. (a) 29. (b) 30. (o)
31. (o) 32. (a) 33. (b) i
Level-2
1. (d) 2. (d) 3. (b) 4. (o) 5. (a) 6. (a) 7. (d) 8. (o 9. (b) 10. (b)
11. (b) 12. (d) 13. (a) 14. (c) 15. () 16. (d) 17. (d) 18. (d) 19. (d) 20. ()
21. () 22. (b) 23. (@ 24. () 25 (@ 26. (@ 27. ) 28 (d 29. () 30. (o)
31. () 32. (d) 33 () 34 (a) 35 () 36 (d 37 () 38 (@ 39. @ 40. ()
41. (d) 42. (a) 43. (d) 44. (d) 45. (d) 46. (d) 47. (a) 48. (o) 49. (d) 50. (a)
51. (b) 52. (b) 53. (a) 54. (e) 55. (d) 56. (c) 57. (b) 58. (d) 59. (a) 60. (d)
61. (a) 62. (o) 63. (d) 64. (b) 65 (b) 66. (dy 67. (d) 68. (o) 69. (b) 70. (b)
71. ®) 72. () 73. () 74 (d) 75 (d) 76 (@ 77. () 78 () 79. (@) 80. (c)
81. (c) 82. (b) 83. (a) 84. (c)
Solutions
Level-1
. 2 7 I
1. ftangent -5 me+mr’ = 5 mr* or Tg = %%
=%x5x(1)2=7kgm2 o Pp=Pg
IP < IQ
2. [=2mP =2 x1x(01) 1, 5.1
= ' 14. KE=3 [0’ =5 m’o’
=Q.(}£=5><—103kgm2 12..2 2
= - Rotational kinetic energy S Sl g
- MP 4 _ MP? ' * Translational kinetic energy - 1 5
5 I= 3 XZ 4—15'—410 2MUZ
8. Since, the system is isolated, no external force is acting 1., 1,2 1 o 2 -
therefore, the speed of the C.M. does not change. 17. Total KE =25 Mv™ + 7 lo" =5 le +MK R2
10. Height of the projectile is, 1 K
2.2 KE=2Mv? |1+~
| = 4osin ) 2 R
2g 2 1
Velocity at highest point = u cos 8 I} [ '(2] (" KE are equal masses
1+ 1 1)
2t 2 are also equa
L=mvH=Mlucose S
28 1
3 a2 2
_ mu” sin” 8 cos 8 ]+R_2]
28 2 R
11. Mass of cylinder M=nRlp 2 (1
2
R?ecl 128
P 5R
I MR} %7
Ip 2 =210
In " 1 2 t
Q2 S MRj



Gravitation

Syllabus: Acceleration due to gravity, one and two dimensional motion under gravity. Universal law of gravitation, variation in the

acceleration due to gravity of the earth. Planetary motion, artificial satellite, geostationary satellite, gravitational potential
energy near surface of earth, gravitational potential and escape velacity.

Review of Concepts

1. Newton’s law of Gravitation :

Gmymy

F=

—

r-

where G is a gravitational constant. Its value does not
depend upon medium.

G =6.67 x 10711 Nm%/kg? = 6.7 x 107 dyne cmzlgm2

(a) Gravitational force is central force and conservative
in nature.
(b) The value of G is determined by Cavendish method
in 1798.
(c) Gravitational force is always attractive in nature.
(d) Relation -between g and G:
&M
=
where M = mass of earth, R =radius of earth

2. The variation of g:
(@) The value of g falls with height:

col R Y (1 B
&n=&|R+k | T8M TR

where g, = gravitational acceleration at height & from

the surface of earth.

If h<<R, 2k

8n=8 1—;]

(b) The variation of g with depth d from the surface of
earth:

d
=81 %

(c) The value of g at the centre of earth is zero.

(d) Due to rotation of earth, the value of ¢ decreases as
the speed of rotation of earth increases. The value of
acceleration due to gravity at a latitude A is

8, =8~ Rw? cos? A
At equator, A=0 and at the pole, A =90°
() At the equator, gp =g~ Ra?

(if) At the pole, gpole =8

(iii) If the earth stops spinning, then the value of g
is same as everywhere.

(iv) The earth has a bulge at the equator because of
the spinning motion.

(v) Isogram is defined as the line joining the places
have same gravitational acceleration.

(vi) For flying off the object situated at equator, the
angular speed about its own axis should be larger
than seventeen times the present value.

(vii) If a planet moves around sun, work done by
gravitational force is zero. So, total mechanical
energy of planet remains constant.

3. Escape Velocity: It is defined as minimum speed of

projection with which if a body is projected upwards, then it
does not return back to earth.

Mathematically, v,= \J(Z—GRM] =V2gR

where M = mass of planet ’

(a) Escape velocity is independent of the mass of
projectile, but it depends on the mass of planet.

(b) Escape velocity does not depend on angle of projection.

(c) The trajectory of a projectile projected from a very
tall tower parallel to the surface of earth depends

upon its velocity v as follows:

Velocity of

Projectile fEajcctony

Ve Projectile does not revolve around earth.
o< N3 =% It fall back on the surface of earth.

Ve Projectile revolves around the earth in

Z “o circular orbit.

Ve Projectile moves around earth in

3 <U<?. elliptical path.

V=1, It escapes from the gravitational field of
earth in parabolic path.

V>, It escapes from the gravitational field of

earth in a hyperbolic path.

(d) If a particle of mass m is dropped from the end of
tunnel along diameter of earth, then the motion of
the particle is S.H.M. having angular frequency of

R
\ J

(e) The time period of longest pendulum on the surface

where R=6400km, g=9.8 m/s”

of earth is given by T=12x
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4. Intensity and Potential :

(a) Gravitational field at a point distance r from a point

T

mass m is E=——towards the point mass and
rL

gravitational potential is
y=_5m

r

(b) Spherical shell or hollow sphere
Case I. ——r>R, where R is radius of spherical shell.

Gm Gm
=5 and V=- -
Case II: —r<R, E=0, V=_C;{—m
ETCﬂ ----------- v A
R? ) T i
| -Gm i s
R r—» R

{c) A uniform solid sphere of mass m:

Case I: —— r>R, graaCt andV = &M
'l r
Case II. —> r<R, E='G—';1r
R
Gm 2
— V- 20 BR2- 1)
2R?

e bt

i 1| SUCHCHCEOPESS

5. Gravitational Potential Energy :

(a) The gravitational potential energy of a point mass
m placed in the gravitational field of a point mass
M can be found out by the work done in moving that
point mass m from infinity to the point at which
gravitational potential energy is to be determined
ie.,

U:mV:m(—QM] S
r r

r, being the distance between masses.

Or. the gravitational potential energy or self energy

for a system of n masses is given by

(i>]

1° 5

(b) The change occurred in potential energy when a
point mass m is moved vertically upwards through
a height h from earth’s surface.

Gravitation
_ mgRh
ALl (R+h)
mgh
Casel: —> h<<R, AU= hzmgh
1+ IE
mgR
Case II: — h>>R, AU= —=mgR
1 +%

6. Satellite :
(a) Orbital velocity :
(i) Orbital velocity of a satellite revolving around
the earth in a circular orbit at a height h is

R | +[l_cMm
(R +h)? (R +h)?

where, R =radius of earth, M = mass of earth
(i) If satellite is revolving near the earth i.e, h << R, then
v,=VgR ~ 8 km/sec
(b) Time period:
(i) The period of revolution is

T=2n(R+h)=2n‘\/[(R+h)°:|

..] 3
Yo - R

(i) If h << R, then T=2n \/tﬁ] — 84.6 min

=

(c) Kinetic energy:

1 GMm

KE=)mf=5 +h)

(d) Potential energy :
GMm

PE.=- Bl 2KE.

So, total energy E=K.E.+PE.=KE.-2K.E.
GMm
= KE=-7®+h

Some Important Points :

(a) The total energy of a satellite in the orbit is always
negative i.e., the body is bound to the earth.

(b) If we place a satellite in an orbit with a velocity v,
then the velocity v, for which the satellite revolves
around the earth in an orbit of radius r is
v,= Y G—:A*

(i) When v<uv, the satellite does not revolve
around the earth and spirals inwards till it falls
on earth.

(ii) When v,>v<v,; the satellite revolves in
elliptical orbit.

(iii) When v>wv,; the satellite escapes following
hyperbolic orbit.

(c) The total energy of satellite when it is thrown with a
velocity v, is:

(i) positive, if v> vy

(ii) zero, if V=D,

(iii) negative, if v < v,

e e e e e el o o A
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Level-1

1. The radius of the earth shrinks by 1%. The acceleration
due to gravity on the earth’s surface would (mass
remaining constant) :
(a) increase by 2%
(c) decrease by 1%

(b) increase by 1%

(d) decrease by 0.5%

2. If F; is the magnitude of the force exerted on earth by
moon and F» is the magnitude of force exerted on moon
by earth then:

(@) F1>F, (b) FL=F,
(c) Fi<F; (d) none of these oA

3. The gravitational force of attraction between two -
spherical bodies, each of mass 100 kg, if the distance
between their centres is 100 m, is:

(G=6.67x10""1 Nm? kg™
(@) 6.67x10°IN (b) 6.67x10° N
(c) 6.67N (d) none of these

4. A particle is fired vertically upwards with a speed of
v=v0.8 v,. If the radius of the earth is R, then the
maximum height attained by the particle will be :

(@) R, (b) 2R, 12,
(c) 3R, (d) 4R,

5. A planet has radius and mass, both half of those of the
earth, then the value of ¢ on that planet will be:
(a) 4.9 m/s’ (b) 9.8 m/s?

(c) 19.6 m/s* (d) 13.8 m/s?

6. A body is projected vertically from the earth’s surface 5%
with velocity equal to half of the escape velocity.
Maximum height reached by the body is:

@ 5 ®) £
2R R
© 3 @ 3

7. If the radius of the earth reduces by 4% density &
remaining the same, then the escape velocity will :
(a) increase by 4% (b) increase by 2%

(c) decrease by 4% (d) decrease by 2%

8. The time period of artificial satellite in a circular orbit of
radius R is T. The radius of the orbit in which time
period is 8T is: 15.
(a) 2R (b) 3R
(c) 4R (d) 5R

9. A satellite is orbiting very close to planet. Its time period
depends only upon :

Level-2

1. The gravitational force of attraction between two
spherical bodies, each of mass 1 kg placed at 10 m apart

(G=6.67x 10711 Nm%/kg?) is :

10.

() 2x10712g

(@) density of the planet (b) mass of the planet

(c) radius of the planet (d) mass of the satellite

A body is projected with escape velocity 11.2 km/s from
earth’s surface. If the body is projected in a direction

30° angle to the vertical, its escape velocity in this case
will be:

(@) 11.2 km/s

;
V3 '
? km/s

A planet is /moving in an elliptical orbit. If T, V, E and
L are respectively the kinetic energy, potential energy,
total energy and the magnitude of the angular
momentum of the planet then the true statement out of
the following is:

(a) T is conserved

(b) 11.2 % ki

(c) 11.2 (d) none of these

(b) V is always positive

{(c) E is always negative

(d) L is conserved but the
continuously changes

The gravitational field

E=(5‘1\+12']“)N/kg then "the magnitude of the

gravitational force acting on a particle of mass 2 kg

placed at the origin, will be:

(a) zero (b) 13 N

() 26 N (d) 75 N

The minimum energy required to launch a ‘m’ kg satellite

from earth’s surface in a circular orbit at an altitude of
2R which is the radius of each, will be;

5
(b) ZmgR

—
direction vector L

in a region is given by

(a) 3mgR

(©) 2mgR (d) %ng

The gravitational potential difference between the
surface of a planet and a point 20 m above it is 16 ] /kg.
Then the work done in moving a 2 kg mass by 8 m on
a slope 60° from the horizontal, is :

(@) 11.17] (b) 5.55]

(c) 167 (d) 27.7]

Three particles, each of mass 107 kg are brought from
infinity to the vertices of an equilateral triangle of side
0.1 m, the work done is:

@) 2x107%] (b) 2x 1071y

(d) 2x10737

(b) 6.67x10 1N

(d) none of these

@) 6.67x107° N
() 6.67x107 N
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(c) Increases

If the distance between the two particles is increased by
2%, then the force of attraction between them will :

(a) decrease 6% (b) decrease 4%

(¢) increase 4% {d) increase 6%

How the gravitational constant will change if a brass
plate is introduced between two bodies?

(@) No change (b) Decreases

(d) No sufficient data

Six particles each of mass m are placed at the corners of
a regular hexagon of edge length a. If a point mass my is
placed at the centre of the hexagon, then the net
gravitational force on the point mass my is :

6Gm> 6Gmmn
(2) 222 (b) —=
a a
(c) zero (d) none of these
Two particles each of mass meD

m are placed at A and C as

such AB=BC=L. The
gravitational force on the b
third particle placed at D at
a distance L metre on the - -
perpendicular bisector of the ; T B I E
line AC, is:
Gmr* Gm*
(a) ——=along BD (b) ——along DB
\/2L2 g 2 s

(d) none of these

In a hypothetical concept, electron of mass m, revolves
around nucleus due to gravita- tional force of attraction
between electron and proton of mass niy. If the radius of
circular path of electron is r then the speed of electron
is:

Gm me Gmym,

(b)

(@)

(©

(d) none of these

‘Three pomt masses each of mass m rotate in a circle of

radius r with constant angular velocity @ due to their
mutual gravitational attraction. If at any instant, the
masses are on the vertex of an equilateral triangle of side
a, then the value of @ is:

@ Ve (b) N2

c)\/?;7

A spherical mass of radius r=% is taken out from a

(d) none

uniform sphere of radius R and mass density p. The force
which this sphere having a cavity will exert. on a mass
m placed at a distance of x from its centre x (x>R) is:

3
@ & "G;R

10.

11.

12,

13.

14.

Gravitation

b) 3 pGmR?| 5 - ——
® 5o [xz 2(2x- R)J

4Gmp
3 (RZ + x2)3/2

(d) none of the above
Suppose the gravitational force varies inversely as the

h power of the distance. Then the time period of a
planet in circular orbit of radius R around the sun will
be proportional to:
(a) R (b) R"+1/2
(C) R(n—l)/Z (d) R
A straight rod of length L extends from x =g to x=L +a.
The gravitational force exerted by it on a point mass m
at x =0 if the linear density of rod is p=A +Bx?, s :

(b) Gm[,% [i JlrL

(d) Gm [BL = %}

A gravitational field is
present in a region. A point
mass is shifted from A to B,
from different paths shown
in the figure. If W;, W, and

W3 represent work done by

(@) Gm [ 2 + BL:| + BL}

© Gm {BL + —‘}L]

Path(i)

P

Path(ii)

gravitational force for Path(jii)
respective paths, then:
(@) Wi=W,=W,

() Wi>W3>W,

The mass of the moon is about 1.2% of the mass of the
earth. The gravitational force exerted by moon on earth
as compared to the gravitational force exerted by earth
on moon :

(a) is the same
(c) is greater

(b) Wi>Wy>W;y

(d) none of these

(b) is smaller
(d) varies with its phase
A point mass my is placed at distance R/3 from the centre

of a spherical shell of mass m and radius R. The
gravitational force on the point mass my is:

G
(@) $ 1:12"10 (b) zero
9G
(© Ir:ZmO (d) none of these

n-particles each of mass my are placed on different
comers of a regular polygon of edge length a. The
distance between vertex and centre of polygon is r5. The
gravitational potential at the centre of the polygon is:

Gnmyg Gmy
@ - (b) ~=
nGmO
(c) " (d) none of these
0
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* 15. Suppose that in a region only gravitational field due to

16.

17.

18.

19.

20.

masses M and M, are present. A particle of mass m goes
from surface of M, to the surface of M, in a spaceship
moving with constant velocity. Neglect all other objects

besides M;, M, and m.

Mq M2

Which part of figure 15 (B) best represents the net
gravitational force on the particle as a function of time ?

A
|
F 1
2
3
- 4
0 t—»
(@ 1 (b) 2
(0 3 (d) 4

In the given figure, for small displacement of particle of
mass m along y-axis, the motion of the particle is:

y
. _(—a,O) (a;o) %
‘I’;o O m a(J
y

(a) simple harmonic
(b) motion with constant acceleration

(c) non-oscillatory

(d) none of the above

In previous problem, the acceleration of thc particle of
mass m at origin is :

(a) zero (b) greater than zero

(c) less than zero (d) none of these

A point mass of 10 kg is placed at the centre of earth.
The weight of the point mass is:

(a) zero (b) 98 N

(c) 9N (d) none of these

The time period of a simple pendulum at the centre of
earth is:

(a) zero -

(c) less than zero

(b) infinite

(d) none of these

A particle hanging from a massless spring stretches it by
2 cm at earth’s surface. How much will the same particle
stretch the spring at height 2624 km from the surface of
earth ? (Radius of earth = 6400 km)

(a) 1cm (b) 2cm

(c) 3cm (d) 4 cm

21.

22

23.

24.

25.

26.

27.
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At the surface of a certain planet acceleration due to

gravity is one-quarter of that on the earth. If a brass ball

is transported to this planet, then which one of the

following statements is not correct ?

(@) The mass of the brass ball on this planet is quarter
of its mass as measured on the earth

(b) The brass ball has same mass on the other planet as
on the earth

(c) The brass ball has same volume on the other planet
as on the earth

(d) None of the above

If the radius of earth decreases by 10%, the mass

remaining unchanged, what will happen to the
acceleration due to gravity?

(a) Decreases by 19%

(b) Increases by 19%

(c) Decreases by more than 19%

(d) Increases by more than 19%

A man covers 60 metre distance in one minute on the
surface of earth. The distance he will cover on the surface

. : X 8earth
of moon per minute is : (assuming 8moon=""")
(@) 60 m - (b) 60x6 m
© Zm (d) V&0 m

Abody is suspended on a spring balance in a ship sailing
along the equator with a speed v’. If ® is the angular
speed of the earth and wy is the scale reading when the
ship is at rest, the scale reading when the ship is sailing,
will be very close to :

(@) wp () wo [1+72%
(c) wy [1 ¥ LU (d) none of these

If earth were to rotate faster than its present speed, the

weight of an object will :

(a) increase at the equator but remain unchanged at
poles

(b) decrease at the equator but remain unchanged at the
poles

(c) remain unchanged at the equator but decrease at the
poles

(d) remain unchanged at the equator but increase at the
poles

If the earth stops rotating about its axis, the acceleration

due to gravity will remain unchanged at:

(a) equator (b) latitude 45°

(¢) latitude 60° (d) poles

The gravitational field in a region is 10 N/kg @G- ’f). The
work done by gravitational force to shift slowly a particle
of mass 1 kg from point (1 m, 1 m) to a point (2 m, —2 m)
is:

(@) 10 joule
(c) —40 joule

(b) —10 joule
(d) +40 joule
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28.

29.

30.

31.

32.

33.

34.

35.

36.

In previous problem, the work done by external agent
is :

(a) 40 joule
(c) zero

(b) —40 joule
(d) +10 joule
The gravitational force in a region is given by

E = ay/i\ + ax/j\

The work done by gravitational force to shift a point
mass m from (0, 0, 0) to (xp, yo. 2p) is:

(a) ma xpyozo (b) ma xqyo

(c) —ma xyyg (d) zero

Let V and E be the gravitational potential and
gravitational field at a distance r from the centre of a
hollow sphere. Consider the following statements :

(A) the V-r graph is continuous

(B) the E-r graph is discontinuous

(a) both A and B are wrong

(b) both A and B are correct

(c) A is correct but B is wrong

(d) A is wrong but B is correct

The work done by an external agent to shift a point mass
from infinity to the centre of earth is:

(a) =0 (b) >0

(c) <0 (d) <0

The work done in shifting a particle of mass m from
centre of earth to the surface of earth is:

mgR
(@) -mgR (b) +——
(c) zero (d) none of these

If a rocket is fired with a speed v =2 VgR near the earth’s
surface and coasts upwards, its speed in the inter-steller
space is:

(@) 4VgR (b) V2R
(c) VgR (d) V4gR

In the above question, if the satellite is stopped suddenly
in its orbit and allowed to fall freely onto the earth, the
speed with which it hits the surface of the earth is:
(Assume g =10 m/sec? and R = 6400 km)

(a) 4 km/sec (b) 8 km/sec

(c) 2 km/sec (d) 6 km/sec

A projectile is fired vertically upwaids from the surface
of the earth with a velocity kv,, where v, is the escape
velocity and k<1. If R is the radius of the earth, the
maximum height to which it will rise measured from the
centre of earth will be : (neglect air resistance)

@ik =

R
1+K2

A satellite is moving on a circular path of radius r around
earth has a time period T. If its radius slightly increases
by Ar, the change in its time period is -

©) R(1-K (d)

37.

38.

39.

40.

41.

42,

43.

Gravitation
3(T i %
(a) Z(rJAr (b) [TJAr
21
(c) %[T—z Ar (d) none of these
r

A satellite is orbiting a planet at a constant height in a
circular orbit. If the mass of the planet is reduced to half,
the satellite would :

(a) fall on the planet

(b) go to an orbit of smaller radius

(c) go to an orbit of higher radius '

(d) escape from the planet

A satellite is launched into a circular orbit of radius R
around the earth. A second satellite is launched into an
orbit of radius 1.01R. The time period of the second

satellite is larger than that of the first one by
approximately :

(a) 0.5% (b) 1.5%

©) 1% (d) 3.0%

The period of a satellite in a circular orbit of radius R is
T. What is the period of another satellite in a circular
orbit of radius 4R ?

(@) 4T ®) &
() % (d) 8T

Two satellites S and S revolve around the earth at
distances 3R and 6R from the centre of earth. Their
periods of revolution will be in the ratio:
(@ 1:2 (b)y 2:1
(€ 1:21° (d) 1: 2067
An artificial satellite of the earth releases a packet. If air
resistance is neglected, the point where the packet will
hit, will be:
(a) ahead
(b) exactly below
(c) behind
(d) it will never reach the earth
If the universal constant of gravitation is decreasing
uniformly with time, then a satellite in orbit would still
maintain its :
(a) radius
(b) tangential speed
(c) angular momentum
(d) period of revolution
A satellite of mass m, revolving in a circular orbit of
radius r; around the earth of mass M has a total energy
E. Then its anguiar momentum will be :

E E

(a :r; ()] o

() Y2Emr? (d) V2Emgr,




Gravitation

44. A satellite S is moving in an elliptical orbit around the

earth. The mass of the satellite is very small compared
to the mass of the earth:

(@) the acceleration of S is always directed towards the

48,

173

If an artificial satellite is moving in a circular orbit
around the earth with a speed equal to half the
magnitude of the escape velocity from the earth, the
height of the satellite above the surface of the earth is:

centre of the earth SR b R
(b) the angular momentum of S about the centre of the @ ®) 2
earth changes in direction but its magnitude remains R d R
constant ) (d) 4
(c) the total mechanical energy of S varies periodically 49, A particle of mass m is projected from the surface of earth
with time with a speed vy (vg< escape velocity). The speed of
(d) the linear momentum of S§ remains constant in the article at heicht h—R (radius of earth) is: (Here
itud i M
lmag“‘ v ‘13 liotical orb - ( R =6400 km and g =9.8 m/s?)
45. A planet revolves in elliptical orbit around the sun. (see Y
fig.) The linear speed of the planet will be maximum at : (@) \jgf)‘ ®) \IUO ~ 28R
B () Vu§-gR (d) none of these
’/ \\\ 50. The ratio of the radii of the planets Py and P, is k. The
’_”_ ' i’f____T _____________ }C ratio of acceleration due to gravity is r. The ratio of the
At-\ TN i / escape velocities-from them will be :
~N__ | (@) kr (b) kr
° © \’("] @ [;
(@ A (b) B ) 2
() C (d) D 51. The escape velocity on the surface of the earth is 11.2
46. Mark correct option or options : km/sec. If mass and radius of a planet are 4 and. 2 times
(@) Only equatorial orbits are stable for a satellite respectively than that of earth. The escape velocity from
. the planet will be:
(b) Escape velocity does not depend upon angle of
projection (@) 11.2 km/sec (b) 1.112 km/sec
(c) A communication satellite rotates in a direction from (¢) 15.8 km/sec (d) 22.4 km/sec
west to east 52. The escape velocity of a body on the surface of the earth
(d) All the above is 11.2 km/sec. If the earth’s mass increases to twice its
47. Two bodies each of mass 1 kg are at a distance of 1 m present value and radius of the earth becomes half, the
The escape velocity of a body of mass 1 kg which is CESEYEIS VRO eEaoies
midway between them is: (@) 5.6 km/sec (b) 11.2 km/sec
(a) 8x 1075 m/s (b) 2.31x 105 m/s (c) 22.4 km/sec (d) 44.8 km/sec
(c) 4.2x 10° m/s (d) zero
Answers
Level-1
1. (a) 2. (b) 3. (a) 4. (d) 5. (c) 6. (b) 7. (o) 8. (o) 9. (a) 10. (a)
11. (c) 12. (c) 13. (b) 14. (a) 15. (d)
Level-2
1. (a) 2. (b) 3. (@) 4. (o) 5. (b) 6. (0 7. (b) 8. (b) 9. (b) 10. (b)
11. (a) 12. (a) 13. (b) 14. (a) 15. (d) 16. (a) 17. (@) 18. (a) 19. (b) 20. (a)
21. (a) 22. (d) 23. (a) 24. (c) 25. (b) 26. (d) 27. () 28. (b) 29. (b) 30. (b)
31. (o) 32. (b) 33. (b) 34. (b) 35. (b) 36. (a) 37. () 38. (b) 39. (d) 40. (c)
41. (d) 42. (o) 43. (o) 44. (a) 45. (a) 46. (d) 47. (b) 48. (o) 49. (o) 50. (b)

51. (c) 52. (o)
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Simple Harmonic Motion

Syllabus: Periodic motion, simple harmonic motion and its equation of motion, energy in 5.H.M., oscillations of a spring and simple

pendulum.

Review of Concepts

1. To prove SH.M., prove that the acceleration on the
body is proportional to the displacement and directed
opposite to it throughout *he motion.

General Method

Situation: A bhlock of mass m is connected by a massless
spring of constant k as shown in figure. Prove that motion of
the block is SH.M.

Step-I: Determine the equilibrium position of the block.

At equilibrium position of block, acceleration is zero.
Hence, net force is zero.

From force diagram, F = kxg at equilibrium position.

Step-II: Displace the block
for small displacement x from
equilibrium position. Let the block %
is displaced a small displacement 7
x in rightward direction.

For solving the problem, the direction of displacement is
taken as positive and mean position is taken as origin. -

Step-III: Determine the acceleration at the displaced
position of block.

From the force diagram shown in figure

F-k(xg+x)=ma N
or F—kxg—kx=ma
K(xp+x) F
or ~kx=ma (. kxg=F)
k
a=-—x mg
m
Ao<--X

Step-I'V: Compare the

acceleration: In the case of S.H.M,,

a:=-w’x

x=—u)2x

ERES

In [k

§n VLE
g

T:Zn\/[%)

(i) In the case of SSH.M., total energy of the system
remains constant at every instant.

(ii) In the case of S.H.M., particle is in stable equilibrium
at the mean position.

2. Displacement: Displacement of particle in the case

of S H.M. is always measured from mean position.

(a) If particle is at mean position at t=0, then

displacement x = A sin ot

where A = amplitude, o =angular frequency = 21—‘" =2nf

where f=frequency and T = time period.

(b) If particle is at extreme position at t=0, then

x=A cos wt.
(c) In general x=A sin (0! +¢), where ¢ is initial phase
or epoch.

3. Velocity :
e x=A sin (0f + §)

v=£=A0)cos (ot + 0)
at
= Ao [1-sin? (ot + ¢)]?

1/2
x2 Y]
=Ao|1-"5| =oVA%-x
A
(a) At mean position, velocity is maximum, ie,
Umax = A® at x=0.
(b) At extreme position, velocity is zero. ie., v=0 at

x=zxA.
4. Acceleration: Acceleration is
dv g
:1=E=-Ao)2 sin (mt+¢)=—m2x
(a) Acceleration is zero at mean position, ie., a=0, at
x=0.
(b) Acceleration is maximum at extreme position, i.e.,
Amax = — O?A at x= A.
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B ‘
5. Energy:

(a) Potential energy U=% ma?x?

l.Ic>=x2

(b) Kinetic energy =— mu) (A2 - xz)

Total energy =PE. + K.E. = % mA?w® = constant.

6. Phase:

(@) The phase of SHM is the sine function of (wt + ¢).

(b) If the phase is zero at a certain instant then from the
equation of SHM, i.e., y = A sin (ot + ¢),

dt

i.e., particle is crossing the equilibrium position.

dy
y=0 and v=|— |=A®

dy
If (mt+¢)=§r y=A and so, v—E—O

i.e., particle is at extreme position.
7. Time period:
(a) Spring mass system :

(i) If the spring is massless, T=2n ‘\/ %]

(ii) If the spring is massive of mass m,

m.
m-r—0
3

k

(iii) Series combination of springs :

q ko s

00000 ~TUUn0 - 000U m

| ) RO s i i (= 16 [N (N S (D O |
: D] K i o P el et IO e

T=2n

Here,

where k is equivalent spring constant.

T=2rn ‘\/[’;‘_I] |
:M\/[m,[LLL J]

ki ko ks
(iv) Parallel combination of springs :
Here, k= kl + k2+ k3

1_21:\/_—]_ 21:\/[

s
B

(k1+k2+k3+ )]

ky
g. 8 Genoo
ki glka & raSiks Kz m
g ¢ UUEUU
3
o000

N
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(v) If two masses m; and m; are connected by a
massless spring;:

Here, T=2r \ (%) m; ok‘om_ ms !
Mty S e~
where, 1= =reduced mass

my+my

(b) Simple pendulum: T =2n ‘\/[ l ]
et

tension in the string of stationary pendulum
mass of the bob
I =length of pendulum
(c) Physical or compound pendulum:

Here, g5 =

K2
I+l

8
where [ =distance of centre of gravity from point of

suspension and

T=2n

K ='"radius of gyration about an axis passing

through centre of gravity.
Some Important Points :
(a) Motion which repeats itself after a fixed interval of
time is called periodic motion.
(b) For periodic function sin (8 + 2r) = sin 0.
(c) In the case of water oscillating in a U-tube,

where h is the height of liquid column in each limb.

h
(d) In the case of a balanced wheel or torsional
pendulum,

T=2n V'—I: .

where, I = moment of inertia
'C =torsional constant
=restoring torque per unit twist.
(e) When a ball of mass m is made to oscillate in the neck
of an air chamber having volume V and neck area

A, then
T=2z V[?¥
PA*
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(f) If a person sitting on an oscillating swing stands up,
the time period of the swing decreases.

(g) When a pendulum is kept in a car which is sliding
down, then

A l( 1 ]
T=2r ¥
g cos 9/
whera 0 is an angle of inclination.
(h) If a simple pendulum oscillates in a non-viscous
liquid of density o, then its time period is

T L
T=2n V —G
1__

(i) If the mass m attached to a spring oscillates in a
non-viscous liquid of density 6, then its time period is

r s 1/2
T=:n[-"‘ 1—9)J
k P

Simple Harmonic Motion

where k = force constant
p = density of suspended mass
(j) If time period of one spring is T; and that of second

spring is T, and if they are connected in suiies, then
Iroeron= \IT12 + T22. If they are connected in parallel,
_nhT
"IT12 + T22

(k) The time period of a simple pendulum having long

length is
T=2n ‘J[ R ]

(I+R)g
where, R = radius of earth

If length is infinite, then T =2n V[EJ

8

Tparallel :

O_bjeétive Questions

Level-1

1. In the case of SH.M,, at the time of maximum kinetic
energy :
(a) potential energy must be zero
(b) potential energy is minimum
(c) potential energy must not be zero
(d) potential energy is maximum

2. A particle of mass m is executing S.H.M. of time period
T, and amplitude ag. The force on particle at the mean
position is :

4’ m 21%m

a —a b —a
@ ® 4
nzmao

(c) zero (d) 2

3. Two particles A and B execute simple harmonic motion
of periods T and 57/4. They start from mean position.
The phase difference between them when the particle A
completes an oscillation will be:

@0  ®3F O

4. The equation of displacement of a. particle is
x=Asin ol x is displacement as a function of time, the
correction variation of acceleration a with displacement
x is given by :

A= T

@

Y —
L N

(© ()

5. The ratio of time periods of oscillations of situations
shown in figures (i) and (ii) is:

k1=k k2=2k k1=k k2=2k

m AW WA ww—| ™ |
i

ARAR2 3333311 31333333333333333)

AR08 AR R RN RAARRRANNY

(@ 2:3
(b) 3:V2
(c) 4:3
d) 1:1

6. For a simple pendulum, the graph between T2and Lis:

(a) straight line passing through origin
(b) - parabolic
(c) circle
(d) none of the above

7. A hollow metal sphere is filled with water through a
small hole in it. It is hanging by a long thread and is
made to oscillate. Water slowly flows out of the hole at
the bottom. How will the period of oscillation be
affected ?
(@) The period will go on decreasing
(b) the period will not be affected
{c) The period will first increase then decrease till the

sphere is empty

(d) The period will go on increasing

8. Two particles executing S.H.M. have time periods in ratio
of 1 : 4. Both are given small displacements in the same
direction at the same instant. They will again be in phase
at the mean position after the second particle has
completed n oscillations. The value of n is:
(@) 4 (b) 2

(c) % (d) zero

e el M

Pt R e =
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9.

10.

11.

12.

13.

14.

15.

If a particle is acted by two simple harmonic motions
simultaneously, the path of particle is:

(a) stream line motion

(b) Lissajous figure

(c) just like motion of a particle under gravity

(d) none of the above

For a particle executing S.H.M., the potential energy is
given by U= sin? @f. The maximum kinetic energy of
the particle is :

(@) Up

U,
© 3

Uy
(b) N3

(d) none of these

The time period of particle executing S.H.M. is doubled,
then :

(a) angular frequency becomes half

(b) frequency becomes half

(c) frequency becomes double

(d) none of the above

A particle of mass 10 kg is executing S.H.M. of time
period 2 second and amplitude 0.25 m. The magnitude
of maximum force on the particle is:

(@) 5N (b) 2465 N

(¢c) zero (d) 40.6 N

Two S.HM.’s x =asinwt and y =b cos wt directed along
y-axis respectively are acted on particle. The path of the
particle is :

(a) circle (b) straight line

(c) ellipse (d) parabola

The minimum phase difference between two S.H.M.’s

L . X
y1=sm—6-sm(ot+sm§coscot

. .1
2= €OS " SIN (of + €08 7 COS WF 1S :

(@) n/3 (b) n/6

(c) n/12 (d) 0

If the mass of bob of simple pendulum is increased by
50%, the time period of the pendulum:

Level-2

. A particle executing simple harmonic motion has 3.

amplitude of 1 metre and time period 2 second. At t =0,
net force on the particle is zero. The equation of
displacement of particle is:

(a) x=sinnt (b) x=cosnt

(¢) x=sin2mnt (d) x=cos2nt

In previous question, maximum velocity and maximum
acceleration are respectively :

@ 1m/s, = m/s’

(b) mmv/s and 72 m/s>

(c) tm/sand m/s?

(d) none of these

16.

17.

18.

19.

20.

21,

22,
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(b) increases
(d) none of these

(a) does not change

(c) decreases

The equations of two linear S.H.M.’s are
x=asin ot along x-axis

y =asin 2wt along y-axis

If they act on a particle simultaneously, the trajectory of
the particle is :

P2 2 4 5
(a) a%+;a;=1 ®) y* =" @ -5
(o) y2=?ax (d) none of these

In the case of SSHM.,, if the particle is at the mean
position, then the particle is in :

(a) stable equilibrium  (b) unstable equilibrium

(c) neutral equilibrium (d) none of these

The equation of acceleration of a particle is
a=-k(x+b), where x is distance along x-axis and k is a
positive constant. The motion of particle is :

(@) oscillatory (b) periodic

(c) S HM. (d) all of these

In previous problem, the mean position of the particle
with respect to origin is at distance:

(a) —b (b) +b

() 0 (d) none of these

A particle executes S.H.M., its time period is 16 s. If it
passes through the centre of oscillation then its velocity
is 2 m/s at time 2 sec. The amplitude will be:

@ 72m (b) 4 cm

(c) 6 cm (d) 0.72 m

A body executing S.H.M. has its velocity 10 cm/s and
7 cm/s, when its displacements from the mean position
are 3 cm and 4 cm respectively. The length of path is:
(@ 10 cm (b) 9.5 cm

(c) 4 cm (d) 11.36 cm

A pendulum clock is observed to give correct time at the
equator. What will happen if the same pendulum clock
is taken to the pole of the earth ?

(a) It will gain time (b) It will loss time

(¢) Unchanged (d) None of these

A particle executes simple harmonic motion. The
amplitude of vibration of particle is 2 cm. The
displacement of particle in one time period is:

(@ 1em () 2 cm

() 4cm (d) zero

In previous problem, the distance travelled by the
particle is:

(@) 8 cm

(b) 2 cm

(c) 4 cm

(d) zero
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10.

11.

12.

Ram say’s, “The average value of displacement, velocity
and acceleration for one time period in the case of SSHM.
is zero.”

Shyam say’s “The acceleration of particle is maximum at
extreme position.”

(a) Ram'’s statement is correct

(b) Shyam’s statement is correct

(c) Both statements are wrong

(d) Both (a) and (b) are correct

A particle moves along .y-axis according to equation
y =3+ 4 cos wf. The motion of particle is:

(a) not SHM.

(b) oscillatory but not S.H.M.

(c) SH.M.

(d) none of the above

In previous problem, the amplitude of vibration is:

(@) 3 unit (b) 4 unit

(c) 5 unit (d) none of these

A body with speed ‘v’ is moving along a straight line. At
the same time it is at distance x from a fixed point on the
line, the speed is given by v’ =144 - 9x”. Then:

(a) displacement of the body < distance moved by body
(b) the magnitude of acceleration at a distance 3 m from

the fixed point is 27 m/s®
(c) the motion is S.H.M. with T=% unit

(d) the maximum displacement from the fixed point is 4
unit
(e) all the above

If s'=asin o1 +b cos u)t/j\, the equation of path of particle
is:

PRESEEE 2 2
2 7,2 x Y
@) Z+y?=VNat+1 ®) 5+%5=1
2
(o) év%:l (d) none of these
al_ L

The motion of a particle is given by
y=4sinwt+85in[mt+-§]

The motion of particle is : '

(a) SHM.

(b) not SHM.

(c) periodic but not S.H.M.

(d) none of the above

In previous problem, the amplitude of vibration is:

(a) 4 unit (b) 8 unit

(c) 10.58 unit (d) none of these

The motion of a particle varies with time according to

the relation y =a sin wt +a cos wt. Then:

(a) the motion is oscillatory but not S.H.M.

(b) the motion is S.H.M. with amplitude a

(c) the motion is S.H.M. with amplitude v2a

(d) none of the above

13.

14.

15.

16.

17.

* 18.

(a) proportional to —1,:
Va

Simple Harmonic Motion

A body is doing S.H.M. having  x
amplitude a4 and time period T.
The figure shows position-time

graph. At any time ‘Y, \/ R
acceleration of body is ‘f".

Which of the following graphs is/are appropriate ?

e i
AwA

(] t—>p»

e

£
o7 R
©
A particle executes S.H.M. along a straight line so that
its period is 12 second. The time it takes in traversing a
distance equal to half its amplitude from its equilibrium
position is :
(a) 6 second (b) 4 second
(c) 2 second (d) 1 second
A particle executes S.H.M. with an amplitude of 10 cm
and frequency 2 Hz. At t=0, the particle is at a point
where potential energy and kinetic energy are same. The
equation of displacement of particle is:

(@) 0.1sin [41tt . ﬂ (b) 0.1sin 4nt

(c) 0.1cos [4nt + E] (d) none of these

4
A pdrticle executes simple harmonic motion with a
frequency f. The frequency with which the potential
energy oscillates is:
@) f (b) f/2
(©) 2f (d) zero
A particle of mass m is executing oscillation about the
orign on the X-axis. Its potential energy is

Udx)=k Ix13, where k is a positive. constant. If the
amplitude of oscillation is a, then its time period T is:

(b) independent of a
(c) proportional to Ya  (d) proportional to a>?

A particle of mass m is free to move along the x-axis and
has potential energy given by

UG =k[1-¢*]

for —ece<x<eo, where k 1is positive constant of

appropriate dimensions. Then :

(a) at points away from the origin, the particle is in
unstable equilibrium

(b) for any finite non-zero value of x, there is a force
directed away from the origin

> if its total mechanical energy is k/2, it has its
minimum kinetic energy at origin

(d) for small displacement from x =0, motion is 5.H.M.

ST SR - [T S — AR R N

B N R R R R T s T T
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19.

20.

21.

22,

23.

24,

During S.H.M.,, a particle has displacement x from mean
position. If acceleration, kinetic energy and excess
potential energy are represented by a4,K and U
respectively, then choose the appropriate graph:

@ —pa Ol (b) X—p
u
\‘/ TR
u
) T

(c) (d)
A simple harmonic oscillator has amplitude A, angular
velocity ®, and mass ‘m’. Then average energy in one
time period will be :

@) %mmzAz (b) %mmzAz

(c) morA* (d) zero

A point mass m =20 kg, is suspended by a
massless spring of constant 2000 N/m. The
point mass is released when elongation in
the spring is 15 cm. The equation of
displacement of particle as function of time
is: (Take g=10 m/sz)

(@) y=10sin 10t (b) y=10cos 10t

(¢) y=10sin I[lOt + EP (d) none of these

A spring of spring constant 200 N/m has a block of mass
1 kg hanging at its one end and of
other end spring is attached to a g
ceiling of an elevator. The elevator 15
rising  upwards with  an
acceleration of /3. When
acceleration is suddenly cease,
then what should be the angular
frequency and elongation during
the time when the elevator is
accelerating ?

(a) 14.14rad/s,007 m (b) 13 rad/s, 0.1 m

(c) 14 rad/s, 0.05 m (d) 10 rad/s, 0.07 m

A spring of force constant k is cut into two pieces such
that one piece is double the length of the other. Then the
long piece will have a force constant of :

2 3,
@ 3k (b) 5=
(c) 3k “(d) 6k
A solid copper sphere is suspended from a massless spring.
The time period of oscillation of the system is 4 second. The
sphere is now completely immersed in a liquid whose
density is 1/8th that of brass. The sphere remains in liquid
during oscillation. Now the time period is :

(a) 4 second (b) 2 second
(c) 3 second (d) none of these

-

25.

26.

27.

28.

29.
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A system shown in figure. consists of a massless pulley, a
spring of force constant k and a block of mass n. If block
is just -slightly displaced vertically down from its
equilibrium position and released then the period of
vertical oscillations is :

@) T n\/m

4k

(b) T=2n \ll”‘)

4k

(c) T=2n \/[”_’]

2%k
d) T=2n [”‘]

In figure, the spring has a force constant k. The pulley is
light and smooth, the spring and the string are light. The
suspended block has a mass m. If the block is slightly
displaced from its equilibrium position and then
released, the period of its vertical oscillation is:

(@) 2 \/ﬁ

k

(b) 4n k_’_{j ]
(c) Zn\/@
(d) 4n\[(%_]

A load of mass m falls from a height h on to the scale
pan hung from a spring as shown in the adjoining figure.
If the spring constant is k and mass of the scale pan is
zero and the mass m does not bounce relative to the pan,
then the amplitude of vibration is:

m
@ &
mg A[(, . Zhk)
b gt
b) " mg
) T8, 8 (1 2k
& Tk mg
mg Al(1+2nk mg
@ ‘[ e
A block of mass 1 kg is connected with a massless spring
of force constant 100

N/m. At t=0, a constant
force F=10 N is applied
on the block. The spring
is in its natural length at  =0.

The speed of particle at x =6 cm from mean position is :
(@) 4 cm/s (b) 10 cm/s

(c) 80 cm/s (d) 50 cm/s

The collision between both blocks shown in figure is
completely inelastic. The total energy of oscillation after
collision is :

v=0
m

SRR t=0
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30.

31.

32.

* 33,

34.

© l’.’i’__

(d) none of these

In previous problem, the amplitude of vibration is :
2 ‘g
my my
@) “; (mt%]
'\’ ‘mo*
() [ 4k ] (d) none of these

Two point masses of 3 kg and 1 kg are attached to
opposite ends of a horizontal spring whose spring
constant is 300 N/m as

shown in figure. The

natural vibrational ' 1kg rooooon—-|  3kg
frequency of the system  ~== =
is of order:

(a) 4 Hz (b) 3 Hz

(c) 2Hz (d) 1 Hz

Two blocks connected by a spring rest on a smooth
horizontal plane as shown in figure,

m1mm2

)

—»F

A constant force F starts acting on the block mj, then

(@) length of spring increases continuously if m; > m;

(b) blocks start performing S.H.M. about centre of mass
of the system with increasing amplitude

(c) blocks start performing S.H.M. about centre of mass
of the system which moves rectilinearly with
constant acceleration

(d) acceleration of m, is maximum at initial moment of
time only

A naughty boy is sitting on the roof of a flat toy car of
mass 6 kg. If no slipping takes place between car and the
boy then what should be the mass of the child in order
to have period of system equal to 0.758 sec ?

=

.

(a) 274 kg (b) 6 kg

(c) 3kg (d) None of these

In the previous problem, if car is displaced 5 cm from
the equilibrium position and released, the minimum
value of coefficient of friction for not slipping the boy is :
(a) 0.8 (b) 0.35

(c) 0.6 (d) 0.83

L

k=60D0N/m

* 35.

* 36.

37.

38.

39,

Simple Harmonic Motion

A=mk
k=600N/m He
— 00000 —— B=6kg

——— NN —~

Two blocks lie on each
other and connected to
a spring as shown in
figure. What should be
the mass of block A
placed on block B of mass 6 kg so that the system period
is 0.75 sec? Assume no slipping, what should be the
minimum value of coefficient of static friction pg for
which block A will not slip relative to block B, if block
B is displaced 50 mm from equilibrium position and
released ?

(@) 2 kg, u;=04 (b) 4.2 kg, n,=0.358

(c) 2.56 kg, ps>0.358  (d) 2.55 kg, ps<0.358

Two blocks A and B, each of mass m are connected by a
massless spring of natural length L and spring constant
k. The blocks are initially resting on a smooth horizontal
floor with the spring at its natural length, as shown in
figure.

m m

L.k
C A | B
==

S

A third block C, also of mass m, moves on the floor with

a speed v along the line joining A and B and collides with

A. Then:

(a) the kinetic energy of the A +B system at maximum
compression of the spring is zero

(b) -the kinetic energy of A+ B system, at maximum

. ...m
compression of the spring is 2

(c) the maximum compression of the spring is v’ Ql%]
(d) none of the above o

There is a spring with natural length Ly Two masses
my and m, are connected to both of its ends as shown in

figure. The whole system is held at rest. At
any time t=0, m, is released and system
starts free fall. Initial stretched length of l
spring before fall is L. What is the
displacement of centre of mass as a function &
of time ?

1
(a) g ®) 58t
§ 2 mi+mp
© 3t (d) = x ¢

A second’s pendulum has time period 2 sec. The
spherical bob which is empty has mass of 50 g. This is
replaced by another solid bob of same radius but having
mass of 100 g. The new time period will be :

(a) 4 sec (b) 1 sec

(c) 2 sec (d) 8 sec

A clock pendulum is adjusted for giving correct time in
Patna. This clock pendulum also gives correct time in:
(a) Delhi (b) Kota

(c) Hyderabad (d) none of these
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40.

41.

42.

43.

44,

45.

A simple pendulum of length L and mass M is oscillating
in a plane about a vertical line between angular limits
—¢ and +¢. For an angular displacement, the tension in
the string and the velocity of the bob are T and v
respectively. The following relation holds good under the

above conditions :

(a) T=Mgcos @ (b) TcosB=Mg

L
Between the plates of the
capacitor with potential
difference V across its plate
such that upper plate is — ve,
a ball with positive charge

e
+

(c) T-Mgcosb= (d) none of these

ot lans?

g and mass ‘m’ - is
suspended by a thread of
length ‘I". If the electrostatic
force acting on a ball is less

!
m
than the gravitational force,

what should be the period of the ball?

(a) T=2xn \IH (b) 2n V‘ !

£ 'g+£7’_5)
. m.
(c) T=2m V|- B (d) 2= v[‘lgﬁEj
=

From the ceiling of a train a pendulum of length ‘I’ is
suspended. The train is moving with an acceleration a; on
horizontal surface. What must be the period of oscillation

of pendulum?
R
b) T=2xn L
(b) V(V_-+ J

firy
l\] ap+g”

(a) T=2n V
() T=n Vl;,—;’T] @ T=2n\ h—r—]

!
0o +g ﬂrl."l"gz_

A simple pendulum has a time period Ty when on the
earth’s surface, and T, when taken to a height R above
the earth’s surface, where R is the radius of earth. The

) sz.
value or — 1S .
T

1
(@) 1 (®) 2
(c) 4 d 2
The period of oscillation of a simple pendulum of length
L, suspended from the roof of a vehicle which moves
without friction down an inclined plane of inclination
o, is given by :

(a) 2n icgsa] (b) 2n V[glen a]
{c) 2n IIE] (Q),2n [_g taLn a]

There is a clock which gives correct time at 20°C is
subjected to 40°C. The coefficient of linear expansion of
the pendulum is 12x 10~ per °C, how much is gain or
loss in time ?

46,

47.

49,

50.

51.

52.
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(a) 10.3 sec/day (b) 19 sec/day

(c) 5.5 sec/day (d) 6.8 sec/day

There are two pendulums of length I, and I; whcih start
vibrating. At some instant, the both pendulum are in
mean position in the same phase. After how. many
vibrations of shorter pendulum, the both pendulum will
be in phase in the mean position ?
[(11 > 12), 11 =121 cm, 12 =100 cm]
(@) 1 (b) 10
(© 9 (d) 8

A block is performing S.H.M. along a vertical line with
amplitude of 40 cm on a horizontal plank. The block just
lose the contact with plank when plank is momentarily

at rest. Then : (Take g =10 n1/s:)

(a) the period of its oscillation is 2515 sec

(b) the period of its oscillation is 2(_)1'{ sec

(c) the period of its oscillation is g sec

(d) none of the above

. An elastic ball of density d is released and it falls through

a height h before striking the surface of liquid of density
p (d <p). The motion of ball is:

(a) periodic (b) SHM.

(c) circular (d) parabolic

A ring of mass m and radius R is pivoted at a point O
on its periphery. It is free to rotate about an axis
perpendicular to its plane. What is the period of ring ?

(a) T=2n\/@ ®) T=zn'V(%]

© T="\[{2;T] (d) T=2n'\j%

There is a rod of length ‘I’ and mass ‘m’. It is hinged at
one end to the ceiling. The period of small oscillation is :

@) T=2n\/[£—’] (b) T=n:\/m

3g 3z

(©) T=2n V[-S—Ig] (d) T=2n \I@]
A lady dancer of 55 kg
stands at the middle of
end supported plank and
causes a midspan deflec-
tion of 22 cm. If she
flexes her knees slightly
for performing a vertical
vibration, the period of
vibration is nearly equal

to:
(a) 0.3 sec (b) 0.8 sec
(c) 0.7 sec (d) 0.9 sec

A 15 kg rod is supported by two uniform discs, each of
mass 8 kg and radius 8 cm. Discs roll without slipping.
The spring constant of the spring is 300 N/m. If the rod




H

186

is displaced right and released then the period of

oscillation is :

Chs

Simple Harmonic Motion

B. The lower face of B is rigidly held on a horizontal
surface. A small force F is applied perpendicular to one
of the side faces of A. After the force is withdrawn, block
A executes small oscillation, the period is :

(a) 2m VymL ®) 2n \[m E]
L =
(a) 8 sec (b) 3.32 sec > , mL « ’ m
() 10 sec (d) none of these () 2n (n ] (d) 2= [HEJ
53. A particle of mass m is allowed 55. A cylindrical piston of mass
to oscillate near the minimum AY M slide smoothly inside a |¢— h—»|
of a vertical parabohc path L long cylinder closed at one [P N
having the equation 2 =4ay. s end, enclosing a certain mass j_tl'_‘\‘-l M
The angular frequency of small of gas. The cylinder is kept A ‘\\ |
oscillations is given by : with its axis horizontal. If the ';-:‘\:
(a) Vgh piston is disturbed from its >
(b) V2gh equilibrium  position, it
7 oscillates simple harmonically. Its period is :
(©) [i] (d) [gj N | MA
2a a (@ T=2n V|7 (b) T=2n B
54. A highly rigid cubical block of mass m and side L is fixed
rigidly on to another cubical block B of the same —op N[ M =9 m
dimensions and of low modulus of rigidily n such that (), T=2&¥ PAh (@i T=2x
the lower face of A completely covers the upper face of
Answers
Level-1
1. (b) 2. (o 3. d) 4. (b) 5. (b) 6. (a) 7. (o 8. (a) 9. (b) 10. (a)
11. (b) 12. (b) 13. (o) 14. (b) 15. (a) 16. (b) 17. (a) 18. (d) 19. (a) 20. (a)
21. (d) 22. (a)
Level-2
1. (a) 2. (b) 3. (d) 4. (a) 5. (d) 6. (c) 7. (b) 8. (e) 9. (0 10. (a)
11. (c) 12. (c) 13. (o) 14. (d) 15. (a) 16. (c) 17. (a) 18. (d) 19. (cd) 20. (a)
21. (o) 22, (a) 23. (b) 24. (a) 25. (b) 26. (b) 27. (b) 28. (o) 29. (o) 30. (b)
31. (b) 32. (o) 33. (a) 34. (b) 35. (o) 36. (b) 37. (b) 38. (¢) ' 39. (d) 40. (c)
41. (c) 42. (b) 43. (d) 4. (a) 45. (a) 46. (a) 47. (a) 48. (a) 49. (b) 50. (a)
51. (a) 52. (b) 53. (o) 54. (d) 55. (a)
Solutions
Level-1

1. In the case of SH.M.
PE. + KE. =constant

PE. = constant - K.E.

(P.E)min = constant— (K.E.)pax

2. F=-ma’x
At mean position, x=0
F=0
3. Y1 =a; sin ¢

Y2 =4z sin iyt

Ad=lont—opt!
=l -wylt
2n 2m
T 5174
For one compiete vibration, t=T
A= 2% xT [1- 3'

1) 2r
-Zn(s] 5
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Fluid Mechanics

Syllabus: Flow of fluids, Bernoulli’s theorem and its applications.

Review of Concepts

1. Definition of a fluid: Fluid mechanics deals with
the behaviour of fluid at rest. A fluid is a substance that
deforms continuously under the application of a shear
(tangential) stress no m~‘fer how small the shear stress
may be.

The distinction between a fluid ard the solid state of
matter is clear if you compare fluid and solid behaviour. A
solid deforms when a shear stres: .3 applied but it does not
continue to increase with time. However, if a shear stress is
applied to a fluid, the deformation continues to increase as
long as the stress is applied.

=»F — —=pF

(a) Solid (b} Fluid
Fig.: Behaviour of solid and a fluid, under the action
of a constant shearforce.
2. Density: In a fluid (which includes both liquid and
gas), density p of a point mass is defined as

Am _dm
Peml %y
(a) It is a scalar quantity.
(b) Unit: kg/m® — SI.
g/cc— C.G.S.

(c) Relative density or specific gravity is defined as the
the ratio of density of substance to density of water
at 4°C. Hence,

Density of substance

"~ Density of water at 4°C

R.D

(d) Density of a mixture of two or more liquids:
Case I: Suppose two liquids of densities p; and p;

having masses n1; and m;, are mixed together. Then
density of mixture

e Total mass (1 +1M3)
P~ Total volume  (V; + V5)

(my + my)

C(m m
P P2

If ' ny =mny
2

then = =l
pP1+P2

Case II: If two liquids of densities p; and p, having
volumes V; and V, are mixed, then the density of

mixture
__Total mass _ M4 My
P = Total volume Vi+V,
~p1Va+p2V
Vl + Vz
If Vi=Vs,
+
then p=bLIP2

(e) Effect of temperature on density: As the
temperature of liquid is increased, the mass remains
same while the volume is increased and hence, the

1
density of liquid decreases (as p 2?.). Thus,
PV __V V¥V
p V' V+dV V+Vye
~ P
1+v6

where v=thermal coefficient of volume expansion

¢

or p

A0 =rise in temperature
(f) Effect of pressure on density: As pressure is
increased, volume decreases and hence, density will
decrease. Thus,

g.v V
p_ V' V+dv
\%
[P
‘__B']V
or p_'_ l
p,_dP
: B
.3 e B
B daP
1-7%

where dP =change in pressure
B = Bulk modulus of elasticity of liquid
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3. Pressure: It is defined as normal force per unit area.
F

A
(a) It is scalar quantity.

(b) Unit:  dyne/cm? —s C.G.S.

N/m” or pascal — S.I.

(c) If we consider a point at a depth h below the surface
of a liquid of density p, hydrostatic pressure P is
given by,

P= PO + hpg

where P represents the atmospheric pressure. The
pressure difference between hydrostatic pressure and
atmospheric pressure is called gauge pressure which
is
P-Py=hpg

(d) One atmospheric pressure =1.013 x 10° N/m?

(e) One bar = 10° N/m?

(f) One torr =1 mm of Hg.

4. If a container is accelerated: tan0 =

Here, a, = horizontal component of acceleration
of container
ay= vertical component of acceleration of container
8 = the angle of inclination of free surface of
the liquid with horizontal
(a) If container is accelerated
horizontally:
Here a,=0, a, =49

: a
tanB:—Q
g

{b) If container is moving with
constant velocity:

Here 4,=0, a,=0

tan6=0 = 06=0
—_PVO

(c) If fluid container is subjected to an acceleration along
inclined plane:
Here 4,=4apCoS 0O, 4,=dpsinol
By ag cos O
a,+g agsino+g

tan 0 :=
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Here 6 = angle which the liquid surface makes with the
horizontal.
5. Pascal’s law: When the excess pressure is exerted on

a confined liquid at any point, then it is transmitted equally
in all directions.

6. (a) Expression for total thrust on a horizontally
immersed surface:
Liquid surface

F=wAx
where w = specific weight = weight per unit volume
A = the area of immersed surface
X = the depth of the horizontal surface from
the liquid level
(b) The total thrust on a vertically immersed surface is

P=wfxbdx

=w X moment of surface area about the liquid level
=wAX
where, X =the depth of centre of gravity of
the immersed surface from the liquid surface
(c) Upthrust or Buoyant force is independent of all the

factors of the body such as its mass, size, density, etc.
except the volume of the body inside the liquid, ie.,

Fe V; (Volume -of body inside the liquid)

This is the reason that two bodies of different masses
shapes and sizes may experience same thrust when
their volumes inside a fluid are equal.

(d) The centre of buoyancy is the point through which
the force of buoyancy is supposed to act. The centre
of buoyancy is the centre of area of the immersed
section.

(¢) When the metacentre is higher than the centre of
gravity of the floating body, then the floating body
is in stable equilibrium.

(f) When the metacentre is lower than the centre of
gravity of the floating body, then the floating body
is in unstable equilibrium.

(g) When the metacentre coincides with the centre of
gravity of the floating body, then the floating body
is in neutral equilibrium.
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(h) Apparent weight of a body immersed in a liquid
=weight in air - force of buoyancy =mg - pVg.

- ight of body in ai
(i) Specific gravity = Wes Lo Doty nay

loss in weight of the body in water
(j) Condition for a body to float in a liquid:

weight of body =buoyant force
7. Continuity equation:

p1A101 =p2A2 U2
when fluid is incompressible, then p; =p;
A]Ul = Az’Uz

8. Bernoulli’s theorem: For an ideal fluid under steady

state condition, the sum of kinetic energy per unit volume,
potential energy per unit volume and pressure energy. per
unit volume is constant. Mathematically,

Objective Questions

pi
>

+ 5eft+ P = constant

9. (a) Velocity of effluy:
v =2gh

Fluid Mechanics

where h is the distance of orifice from the level of
liquid in the container. '

(b) The time of emptying a square or rectangular or
circular tank through an orifice at its bottom.

7_24 (VH; —VHy)
a2g
~here, A = the surface area of the tank
Hj = the initial height of the liquid
H, = the final height of the liquid
a = the area of the orifice

(c) The time of making empty a hemispherical tank
through an orifice at its bottom. Initially tank is full
of water and finally tank is completely made empty.

5/2

152 V2g

where, R = the radius of the hemispherical tank

T=14n

a'= cross-sectional area of the orifice

Level-1
6.

Equal masses of water and liquid are mixed together,
then the mixture has a density of :

(a) 2/3 (b) 4/3

(c) 3/2 (d) 3

Two stretched membranes of area 2 cm? and 3 cm? are
placed in a liquid at the same depth. The ratio of the
pressures on them are :

(a) 1:1 (b) 2:3

() 3:2 (d) 22:3?

A cylindrical vessel containing a liquid is closed by a
smooth piston of mass m. If A is the cross-sectional area
of the piston and Py is the atmospheric pressure, then the
pressure of the liquid just below the piston is:

m
(a) Py (b) Po+"5
(c) ’_’/11&7 (d) none of these

An iceberg is floating partially immersed in sea wates. If
the density of sea water is 1.03 g/cc and that of ice is
092 g/cc, the fraction of the total volume of iceberg
above the level of sea water is:

(a) 8% (b) 11%

(c) 34% (d) 89%

A piece of solid weighs 120 g in air, 80 g in water and
60 g in a liquid, then the relative density of the solid and
that of liquid are respectively :

(@ 3,2 (b) 2,-_—:;1
© 3,2 d) 4,3

0.

11.

A common hydrometer reads specific gravity of liquid.
Compared to the mark 1.6 on the stem, the mark 1.5 will
be :

(a) upward

(b) downward

(c) in the same plane

(d) may be upward or downward depending on hydrometer
The'weight of wooden block of size 8 cm x 8 cm X 8 cm is
307.2 g. When it is floating in water, the height of the
wooden block above water level is :

(a) 4.8 cm (b) 3.2 cm

(c) 4 cm (d) 6 cm

A body weighs 40 g in air. If its volume is 10 cc in water
it will weigh :
(a) 30g

(©) 50g

A hydrogen balloon released on the moon would :

(b) 40 g
(d) none of ‘these

(@) climb up with an acceleration of 9.8 m/s?
(b) climb up with an acceleration of 9.8 x 6 m/s?
(c) neither climb nor fall

(d) fall with an acceleration of % m/s?

A 700 g solid cube having an edge of length 10 cm floats
in water. The volume of cube outside water is:

(a) 2.4cm® (b) 4.8cm’

(c) 300 cm" ~(d) 500 cm’

A body weighs 150 g in air, 120 g in water == 1 77
a liquid. The dunsity or nquid 1n gem™ is::

(@) 2/3 (b) 4/5

(c) 13/15 (d) 15/13
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12. A boy carries a fish in one hand and a bucket of water
in the other hand; if he places the fish in the bucket, the
weight now carried by him:

(@) is less than before

(b) is more than before

(c) is the same as before

(d) depends upon his speed

17.

13. When a large bubble rises from the bottom of a lake to
the surface, its radius doubles. The atmospheric pressure 18.
is equal to that of column of water of height H. The depth
of the lake is:
(@) H (b) 2H
() 7H (d) 8H
14. A boat full of scrap iron is floating on water in a lake. If
all the iron is dropped into water the level of water will :
(@) goup (b) remain the same 19.
(c) rise very high (d) go very deep
15. A piece of material weighing 50 g is coated with 6.3'g of
wax of relative density 0.9. If the coated piece weighs
16.3 g in water, the density of the material is: 20.
(a) 1.515 “(b) 2.3
(c) 4.8 (d) 6.2
16. An inverted bell lying at the bottom of lake 47.6 m deep

has 50 cm” of air trapped in it. The bell is brought to the
surface of the lake. The volume of the trapped air will
be (atmospheric pressure = 70 cm of Hg and density of

Level-2

1. Which of the following is/are correct about pressure ?
(a) Pressure at a point acts equally in all directions
(b) Liquid at rest exerts lateral pressu;e which decreases
with depth
(c) Pressure acts normally on any area whatever
_ orientation the area may be held
(d) Both (a) and (c) are correct
2. A triangular element of the liquid is shown in the figure.

P, Pyand P, represent the
pressure on the element of the T /\/ S
N/ O\ Px

liquid. Then: < \K

(@) P,=P,=P,
| Flt

(b) P,=P Y= P,
(c) Pxy=Py=P,
(d) P? + P2 + Pg = constant
3. The pressure at the bottom of a tank of liquid is not
proportional to: '
(a) the density of the liquid
(b) the area of the liquid surface
(c) the height of the liquid
(d) the acceleration

-3

* 6.

4. If a vessel containing a fluid of density p upto height k
is accelerated vertically downwards with acceleration ag
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Hg=13.6 g/cm’)

(a) 350 cm® (b) 300 cm®

(c) 250 cm® (d) 22 cm®

A diver is 10 m below the surface of water, the
approximate pressure experienced by the water is :

(a) 10°Pa (b) 2x10° Pa
(c) 3x10°Pa (d) 4x10°Pa
An object of density 12gc1j;1_3 is weighed with brass
weights of density 8 g cm™ by a physical balance. It the

density of air is 12.x107™ gcm “ then the percentage
error in weighing is:

@) 0.005% (b) 0.001%

(c) 0.05% (d) 0.01%

Bernoulli’s principle is based on the law of conservation
of :

(@) mass (b) momentum

(c) energy (d) none o! these

Action of paint gun is based cn:
(@) Bernoulli’s principle

(b) Boyle’s law

(c) Faraday’s law

(d) Archimedee’s principle

then the pressure by fluid at the botrom of vesset is

(@) P=Py+pgh+phag  (b) P=Py+pgh

() P=Po+ph(g—-ag)  (d) P=Py—pgh

If a vessel contains n types of fluid of densitie:
P1, P2 ... Py at depth hy, by ... h, tespectively, then guage
pressure at bottom is :

(b) Po +8121 pihi

i-

@ g '§1 pii

n

(d) Po+ X phy
1

1=

() X pih
i=1

The figure shows a conical vessel having its outlat at A
to which U-tube manometer is connected. The reading of
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*9,

10.

*11.

12.

the manometer given in the figure shows when the
vessel is empty. Find the reading at manometer when the
vessel is completely filled with water :

(7 400 mm (b) 300 mm

(c) 430 mm (d) 330 mm

The hydraulic press shown in
the figure is used to raise the
mass nt through a height of 0.05
cm by performing 500 J of work
on the small piston. The
diameter of the large piston is
10 cm while that of the smaller
or.e is 2 cm. The mass m is:
(a) 100 kg (b) 10* kg
(©) 10°kg (d) 10°kg
One end of a U-tube of uniform
bore (area A) containing mercury is
connected to a sanction pump.
Because of it the level of liquid of
density p falls in one limb. When
the pump is removed, the restoring
force in the other limb is:

(@) 2xpAg (b) xpg
(c) Apg (d) xpAg
A U-tube of uniform cross-section is partially filled with
a liquid (i) and another liquid (ii) , which does not mixed
with liquid (i) , is poured into one side. It is found that
the liquid levels of the two sides of the tube are the same
while the level of liquid (i) has risen by 2 cm. If the
specific gravity of liquid (i) is 1.1 then specific gravity of
liquid (ii) must be :

(@) 1.12 (b) 1.1

() 1:05 (d) 1.2

A U-tube is partially filled with water. Oil which does
not mix with water, is next poured into one side until
water rises by 2.5 cm on the other side. If the density of
oil be 0.8, the oil level will stand higher the water level

by :
(a) 6.25 cm (b) 12.5 cm
(c) 31.35 cm (d) 20 cm

A small uniform tube is bent

into a circle of radius r h

whose plane is vertical. The /
equal volumes of two fluids (
whose densities are p and

G (p>0), fill half the circle. !
Find the angle that the
radius passing through the pvg
interface makes with the
vertical :

(a) cotezg%g (b) tan9=g;o
. p+o .. P
(c) sme—p_g (d) sm(-)—‘__T

In each heart beat, a heart pumps 80 ml of blood at an |

average pressure of 100 mm of Hg. What will the power

13.

14.

15.

16.

17.

Fluid Mechanics

output of the heart ? (Assume 60 heart beat per minute)
(@ 1W (b) 275 W

() 1.06 W (d) 0.5 W

A liquid is contained in a vertical U-tube. The total
length of the liquid column inside the tube is . When the
liquid is in equilibrium, the liquid is just pushed down
slightly. If one of the arms of U-tube are released, the
entire liquid column will start a periodic motion. Then:
(a) the motion is not SH.M.
(b) the motion is SH.M.

(c) if it undergoes S.HM,,

(d) if it undergoes S.HM.,

!
2n (Z_g)
A cylindrical vessel of radius r containing a liquid is
rotating about a vertical axis through the centre of
circular base. If the vessel is rotating with angular

velocity o, then what is the difference of the heights of
liquid at centre of vessel and edge ?

the time period will be

the time period will be

re o’
@ 5o ® g
(c) V2grw o’
Zgr
When #n fluids of masses my, m,, ..., m, and densities
P1, P2, ..., Py respectively are mixed together then
resultant density of mixture is:
n
E m; 2 mp
(a)'= (b)'=—
z Pi 2z m;
1=1 1=1
n
2 m;
1=1 e
(c) " (d) infinity
s M
i=1 Pi
When equal volumes of two substances are mixed, the

specific gravity of mixture is 4. When equal weights of
the same substances are mixed, the specific gravity of the
mixture is 3. The specific gravity of the two substances
would be:

(a) 6 and 2 (b) 3 and 4

(c) 25 and 3.5 (d) 5and 3

If the weight of a body in vacuum is w and wy and w»
are weights when it is immersed in a liquid of specific
gravity p; and p; respectively, then the relation among

w, wy and w, is:

(a)-w= wW1py + WaPq ®) w= wyp2 — WPy
w1+ w3 P2—P1
+w

(©) w= wip1 + Wap2 d) w= WPy + WoPy
P1+P2 P1+pP2
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18.

19.

* 20.

21.

22,

23.

An alloy is prepared by mixing equal volume of two

metals. The specific gravity of alloy is 4. But when equal

masses of two same metals are mixed together, the

specific gravity of alloy is 3. The specific gravity of each

metal is :

(@) 2,4 (b) 6, 4

(c) 6,2 (d) 4,8

If a liquid is subjected to a horizontal acceleration then :

(a) slope of the liquid is inversely proportional to the
horizontal acceleration

(b) slope of the liquid is directly proportional to the
horizontal acceleration

(c) there is no direct relation between acceleration and
inclination

(d) none of above

A liquid of density p is

completely filled in a 7 — L—>
rectangular box. The box 7 HE Po
is accelerating horizon- Z H P A,
tally with acceleration ‘a’. Z ¢ oR Qo

What should be the gauge
pressure at four points

%W/W%/%/r
P,Q,R,S?

(@) Pp=0,Py=0, Pg=pgh, Ps=0
(b) Pp=pgh, Pq=0, Pg=pga, Ps=pal

(c) Pp=0, Po=pgh, Pg=pgh+pal, Ps=pal
(d) Pp=pgh, Pg=0, Ps=pgh-paL, Ps=pgL

On a smooth inclined plane, making an angle o with
horizontal, a trolley containing a liquid of density p
slides down. What is the angle
of inclination 0 of free surface
with horizontal ?

(a) 6=-«

o
b) 6=7
© 0=7
d) 6=«

On a horizontal surface, an open vessel containing water
is given a constant acceleration ‘a’. Due to accelerated
motion, the free surface of water gets sloped with
horizontal at an angle 8 given by :

(a) 8=tan™ [E] (b) 6=tan” |

(d) 8=cos™’ E]

A rectangular box containing
water is accelerated upwards at

‘® %

(c) 6= sin”! [:: ]

3m/s’ on an inclined plane
making 30° to the horizontal.
The slope of the free liquid
surface is:

1
. b) —=

(a) 033 (b) NG

(€) V3 (d) 0.32

24.

25,

26.

27.

28.

29.

30.

31.

32.
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A closed rectangular tank 10 m long, 5 m wide and 3 m

deep is completely filled with an oil of specific gravity

0.92. The pressure difference between the rear and front

corners of the tank, if it is moving with an acceleration

of 3 m/s* in the horizontal direction, is :

(a) 27.6kPa (b) 50kPa

(c) 60kPa (d) 70kPa

The force of buoyancy on an immersed body is :

(@) due to weight of the body

(b) due to the pressure difference between upper surface
and lower surface of the body

(c) due to atmospheric pressure

(d) both (a) and (c) are correct

A body weighs 5 N in air and 2 N when immersed in a

liquid. The buoyant force is:

(a) 2N (b) 3N

() 5N (d) 7N

A neckless weighing 50 g in air, but it weighs 46 g in

water. Assume copper is mixed with gold to prepare the

neckless. How much copper is present in it ? (Specific

gravity of gold is 20 and that of copper is 10)

(@) m=25g (b) m=30g

(c) m=35g (d) m=20g

If air of weight w is filled in a empty balloon which

weighs w;, the weight of balloon will become w,.

Suppose the density of air inside and outside the balloon

is same, then:

(@) wo=wy+w (b) wy =Vww

(€) wp=w; (d) wp=wy~w

In air, a metallic sphere with an internal cavity weighs

40 g and in water it weighs 20 g. What is the volume of

cavity if the density of material with cavity be 8 g/ em®?

(a) zero (b) 15 cm®

(© 5 cm® (d) 20 cm®

A soft plastic bag of weight wy is filled with air at S.T.P.

Now weight of the bag is w in air. Then:

(@) w>wy (b) w=wj

(c) w>wy (d) w<wy

A block of ice of area A and thickness 0.5 m is floating

in the fresh water. In order to just support a man of 100

kg, the area A should be: (the specific gravity of ice is

0.917 and density of water = 1000 kg/m®)

(a) 1.24m? (b) 4.21 m®

(©) 241 m? (d) 7.23 m?

A dog is sitting in a boat which is floating in'a pond. If

the dog drinks some water from the pond then:

(a) the level of water in the pond decreases

(b) the level of water in the pond increases

(c) the level of water in the pond first increases, then
decreases

(d) the level of water in the pond remains unchanged



200
33.

34.

35.

36.

37.

38.

39.

40.

41,

A glass bulb is balanced by a brass weight in a sensitive
beam balance. Now the balance is covered by a glass-jar
which is then evacuated. Then:

(a) the beam will remain horizontal

(b) the pan containing the bulb will go down

(¢) the pan containing the bulb will go up

(d) none of the above

A piece of ice is floating in water. The fraction of volume
of the piece of ice outside the water is:

(Given: density of ice =900 kg/m3 and density of water

=1000 kg/m?>)
(a) 0.21 (b) 0.01
(© 0.1 (d) 0.9

A block of wood floats with 1/4 of its volume under
water. What is the density of the wood ? (Density of

water = 1000 kg/m®)

(a) 750 kg/m3 (b) 250 kg/m?>

(c) 300 kg/m> (d) 260 kg/m®

A boat is floating on the surface of water in a tank
carrying steel balls. If the balls are thrown into the tank
one by one, how will it affect the level of water ?

(a) It will rise

{b) It will fall

(c) It will remain unchanged

(d) First it will rise and then fall

A solid floats in a liquid in the partially submerged

position :

(a) the solid exerts a force equal to its weight on the
liquid

(b) the liquid exerts a force of buoyancy on the solid
which is equal to the weight of the solid

(c) the weight of the displaced liquid equals the weight
of the solid

(d) all the above

A solid is completely immersed in a liquid. The force
exerted by the liquid on the solid will :

(a) increase if it pushed deeper inside the liquid

(b) change if its orientation is changed

(c) decrease if it is taken partially out of the liquid

(d) none of the above

A block weighs 15 N and 12 N in air and water
respectively. When it is immersed in another liquid, it
weighs 13 N, then the relative density of the block is :
(@ 5 (b) 6

(c) 10 d) 2

In a beaker containing liquid, an ice cube is floating.
When ice melts completely, the level of liquid rises. Then
the density of the liquid is:

(a) more than the density of ice

(b) less than the density of ice

(c) same as the density of ice

(d) none of the above

A metal ball immersed in alcohol weighs w; at 0°C and
wy at 50°C. The co-efficient of cubical expansion of the

metal is less than that of alcohol, assuming that the

42.

43.

44. 4\

* 45.

46.
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density of the metal is large compared to that of alcohol.
It can be shown that:
@) w>w,
(©) wy<w,

(b) wy=wp
(d) none of these

In English, the phrase ‘tip of the iceberg’ is used to mean
a small visible fraction of something that is mostly
hidden. For a real iceberg, what is this fraction if the
density of sea water is 1.03 g/cc and that of ice is
092 g/cc?

(a) 0.106 (b) 10.6

(c) 0.901 (d) 0.801

A vessel contains oil (density 0.8 g/cc) over mercury
(density 13.6 g/cc). A homogeneous sphere floats with
half its volume immersed in mercury and the other half
in oil. The density of the material of the sphere in g/cc
is:

(a) 3.3 (b) 6.4
(c) 7.2 (d) 12. 8
tank accelerates upwards - r

with acceleration a= 1 m/s2
contains water. A block of mass

1 kg and-density 0.8 -g/cm3 is
held stationary inside the tank
with the help of the string as
shown in figure. The tension in
the string is : (density of water

=1000 kg/m?)
@ T=22N (b) T=2.75N
© T=3N (d) T=24N

As the figure shows, S; and S;

o e
are spring balances. A block A
{s hanging from spring balance 5
S, and immersed in a liquid L 1
which is contained in a beaker h [

B. The mass of a beaker B is 1
kg and mass of liquid L is
1.5 kg. The S; and S; balances
reads 25 kg and 75 kg
respectively. What will be the
readings of S§; and S; when

block A is pulled up out of the
liquid :

(a) Sy will read 5 kg and S, will read 5 kg

(b) S, will read 7.5 kg and S, will read 2.5 kg

(c) S; will read 2.5 kg and S, will read 7.5 kg

(d) S; will read 10 kg and S; will read 2.5 kg

In a liquid of density o, a rectangular block of mass m
and area of cross-section 4, floats. If the block is given a
small vertical displacement from equilibrium position, it
starts oscillation with frequency f. Then:

@) fot (b) feo
() foem (d) fo<Na
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47.

48,

49.

50.

51.

A liquid of density py is filled in a wide tank to a height

h. A solid rod of length L, corss-section area A and
density p is suspended freely in the tank. The lower end

of the rod touches the base of the tank and & =% (where

1 >1). Then what should be angle of inclination of the
rod with the horizontal in the equilibrium position

@) e=““*(%*43§7] (b) e=gn4'%\ﬁﬁj]

\p. r

(c) 8=sin" Ifn [@U (d) 8=sin" V(@J]

\ P ) P

In a steady incompressible flow of a liquid :

{a) the speed does not change if the area of cross-section
changes

(b) the speed increases if the area of cross-section
increases

(c) the speed decreases if the area of cross-section
increases

(d) bubbles are produced when the. area of the
cross-section increases

Air is blown through a pipe AB at a rate of 15 litre per
minute. The cross-sectional area of the wide portion of

the pipe AB is 2 cm” and that of the narrow portion is

0.5 cm®. The difference in water lavel h is:
(Pair=1.3 kg/m3)
1.

(a) 16 mm (b) 1.55 mm
(c) 10 mm (d) 3.2 mm
Water from a tap emerges vertically downward with an
initial speed of 1 m/s. The cross-sectional area of the tap is

10~* m?. Assume that the pressure is constant throughout

the stream of water and that the flow is steady. The

cross-sectional area of the stream 0.15 m below the tap
is :

(a) 5x10™*m? (b) 1x107° m?

(c) 5.83x107° m? (d) 2x107 m?

Through a non-uniform

pipe, a non-viscous liquid is

flowing from section A to B

as shown in figure. Which of

following is correct ?

(a) Since, liquid is flowing
from A to B, therefore,
pressure at A is greater
than at B

(b) Velocity at B, greater
than that at A

52.

53.

54.

55.

56.

57.

58.

59.
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(c) Total energy per unit volume of the liquid is greater
at A than that at B

(d) Axis of pipe can be horizontal
For compressible fluid, continuity equation is :
(@) p1A1v1=p2Ar0; (b) p2A1v1 =p1Az0; -

(c) Av1=A,;

A tube of flow is shown in the

figure :

(a) the fluid particles must be
accelerated from A to B

(b) fluid particles may accelerate
from A to B

(c) the fluid particles must be
decelerated from A to B

(d) the fluid particles may be
decelerated from B to A A

A pipe GB is fitted with two pipes C and D as shown in

the figure. The pipe has area c

A=24m? at G and velocity

of water at G is 10 m/s, and

at C is 6 m/s. The velocity of B
water at D is: G

(@) 21 m/s

(b) 3.3 m/s

(c) 30 m/s

(d) none of the above

e

Oal»

Bernoulli’s equation is applicable to points :

(a) in a steadily flowing liquid

(b) in a stream line

(c) in a straight line perpendicular to a stream line

(d) in any non-viscous liquid

Bernoulli’s equation is based upon:

(a) isochoric process (b) isobaric process

(c) isothermal process (d) adiabatic process

The horizontal flow of fluid depends upon

(a) pressure difference  (b) amount of fluid

(c) density of fluid (d) all the above

In steady horizontal flow :

(a) the pressure is greatest where the speed is least

(b) the pressure is independent of speed

{c) the pressure is least where the speed is least

(d) (a) and (c) are correct

In a horizontal tube with area of cross-section A; and
A, as shown in fig, liquid is flowing with velocities 7,
and v, respectively. The difference in the level of the
liquid in the two vertical tubes is k. Then:




202

60.

61.

62.

63.

64.

(a) the volume of the liquid flowing through the tube in
unit time is A;

(b) vy —v;=V2gh

© v; = -vi =2¢h

(d) the energy per unit mass of the liquid is the same in
both sections of the tube

A-vessel is filled with water and kerosene oil. The vessel

has a small hole in the bottom. Neglecting viscosity if the

thickness of water layer is h; and kerosene layer is hy,

then the velocity v of flow of water will be : (density of
water is p; g/cc and that of kerosene is p, g/cc)

(@) v=\2g (hy +hy) (b) v= N {28 {hl +h; %ﬂ
1

g a N
() v=N2g(hyp1+hapy) (d) v= V2g¢ [hl %+hz]
2

Mark correct option(s) :

(a) two stream lines may cross each other
(b) two stream lines must cross each other
(c) two stream lines never cross each other
(d) none of above

A non viscous liquid of constant density 500 kg/m:’ flows
in a variable cross-sectional tube. The area of cross-
section of the tube at two points P and Q at heights of 3
m and 6 m are 2x10° m® and 4x10° m® 1espectively.
The work done per unit volume by the forces of gravity
as the fluid flows from point P to Q, is:

T A

(b) —1.47x 10* J/m3

(d) none of these

(a) 29.47/m>

(c) -2.94x10%J/m>
Two identical cylindrical vessels with their bases at the
same level each contains a liquid of density d. The height
of the liquid in one vessel is hy and that in the other
vessel is ;. The area of either base is A. The work done

by gravity in equalizing the levels, when the two vessels
are connected is :

@) (1~ hy) g
(©) 5 (n—h gAd

Water flows along a horizontal pipe whose cross-section
is not constant. The pressure is 1 cm of Hg where the
velocity is 35 cm/s. At a point where the velocity is
65 ¢cm/s, the pressure will be:

(a) 0.89 cm of Hg (b) 89 ctii ¥ Hg

{c) 0.5 cm of Hg (d) 1 cm of Hg

(b) (g~ ) gAd
() § (n—hp) gAd

65.

66.

67.

68.

69.

70.

Fluid Mechanics

The difference of square of speeds of fluid particles at
two ends of the conical section of a pipe, if the radii of
its ends are 0.1 m and 0.04 m and the pressure drops
across its length is 10 N/m?, is: (The density of flowing
fluid through the pipe is 1.25x 10° kg/m?)

(@) 16x10~> m/s (b) 1073 mvs

(©) 4x10° mys (d) none of these

A pilot tube was inserted in a pipe to measure the
velocity of water in it. If the water rises in the tube is
200 mm, the velocity of water is:

(a) 9.8 m/s (b) 1.98 m/s

(c) 19.6 m/s (d) 196 m/s

A cylindrical vessel is filled with water to a height H. A
vessel has two small holes in the side, from which water
is rushing out horizontally and the two streams strike the
ground at the same point. If the lower hole Q is k height
above the ground, then the height of hole P above the
ground will be:

(@) 2n

(c) H-h
A water tank standing on the floor has two small holes
vertically one above the other punched on one side. The
holes are h; cm and h; cm above the floor. How high does

(b) Hih
(d) H2

water stand in the tank when the jets from the holes hit
the floor at the same point ?

(@) (hp—hy) (b) (hy+hy)

Z_ 1z hy
(C) (hZ - hl) (d) kZ = J!]

A liquid having area of free surface ‘A’ has an orifice at
a depth ‘i’ with an area ‘a’, below the liquid surface, then
the velocity v of flow through the orifice is:

() v="2gh N—+—
..;1' —

(@) v=V2gh

: 2 2
©) zr=‘42:qh'\’-;%—ﬂ (d) v=+2gh V"=~
There is a wide tank of
cross-section area A ) ~
contain a liquid to a

height H has a small
orifice at its base of area
‘a’ (@<<A). The time
during which liquid level

falls to a height hzgz
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(where n > 1)

73.
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(a) 294x10° N

(c) 100x 10° N

An isosceles triangle of
base 3 m and altitude 6 m,
is immersed vertically in
water having its axis of
symmetry horizontal as
shown in the figure. If
height of water on its axis
is 9 m, the total thrust on
the plate is :

(b) 294 N
(d) 400x10° N

71. Water stands at a depth of 15 m behind a reservoir dam. (a) 793.8x10° N (b) 700x 10° N
A horizontal pipe 4 cm in diameter passes through the () 500 10° N (d) 300x10° N
dam 6 m below the surface of water as shown. There is ; . .
plug which secures the pipe opening. Then the friction * 74. Two lock gates of 7:5 m height are provided in a canal
between the plug and pipe wall is : of 16 m width meeting at A 7
_ an angle of 120°. The force
——— 5 ,‘___ﬁ acting on each gate, when I‘
o Sl the depth of water in
= oA mel | upstream side is 5 m, is: B \}120” lom
15mE i\ (a) 1000 kN '
Erdmﬁ (b) 1133 kN
II: ":E,‘IL‘;“’ﬁ (c) 500 kN
=I “For (d) 400 kN c
LT *75. A cylindrical buoy of 3 m diameter and 4 m long is
(@) 70N (b) 79 N weighing 150 kN when immersed in water. Then:
(c) 74 N (d) 65N (a) it may float vertically in water
72. A rectangular plate 2mx3 m is immersed in water in (b) it cannot float vertically in water
such a way that its greatest and least depth are 6 m and (c) it must float vertically in water
4 m respectively from the water surface. The total thrust (d) (a) and (c) are correct
on the plate is:
Answers
Level-1
1. (b) 2. (a) 3. (b) 4. (b) 5. (c) 6. (a) 7. (b) 8. (a) 9. (d) 10. (c)
11. @ 12 @ 13. () 14. ®) 15 (@) 16. (b) 17. (b) 18. (a) 19. (c) 20. (a)
Level-2
1. (d) 2. (b) 3. (b) 4. () 5. (a) 6. (c) 7. (b 8. (a) 9. (b) 10. (b)
11. (b) 12.  (c) 13. (d) 14. (b) 15. (c) 16. (a) 17. (b) 18. (c) 19. (b) 20. (o)
21. (d) 22. (a) 23. (a) 24. (a) 25. (b) 26. (b) 27. (b) 28. () 29. (b) 30. (b)
31. (o) 32. (d) 33. (b) 34. (o) 35. (b) 36. (b) 37. (d) 38. (c) 39. (a) 40. (a)
41. (o) 42. (a) 43. (o) 4. (b) 45. (b) 46. (d) 47. (a) 48. (c) 49. (b) 50. (c)
51. (a) 52. (a) 53. (c) 54. (a) 55. (d) 56. (c) 57. (a) 58. (a) 59. (c) 60. (b)
61. (c) 62. (b) 63. (d) 64. (a) 65. (a) 66. (b) 67. (o) 68. (b) 69. (b) 70. (d)
71. (o) 72. (a) 73. (a) 74. (b) 75. (b)
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Some Mechanical Properties of Matter

Syllabus: Interatomic and intermolecular forces, states of matter, elastic properties, Hooke’s law, Young's modulus of elasticity, Bulk
modulus of rigidity, Forces of cohesion and adhesion, surface energy and surface tension, viscosity. Stoke's law, terminal

velocity.

Review of Concepts

1. Definition of elasticity : The property of a material
by virtue of which it resists strain when deforming forces are
applied on it and recovers from strain, when deforming
forces are removed, is called elasticity of that material :

(a) If the body regains its original shape and size
completely after the removal of deforming forces
then the body is said to be perfectly elastic.

(b) If the body does not recover its original shape and
size, the body is said to be perfectly plastic.

2. Stress: The restoring force setup inside the body per

unit area is known as stress.

Restoring force : If the magnitude of applied deforming
force at equilibrium =F

then, Stress = &
A

In SI system, unit of stress is N/m”.

(@) When the stress is applied normal to a surface, then
it is known as normal stress.
(b) When the stress is applied tangentially to a surface,
then it is called tangential or shearing stress.
Both stress and pressure are defined as force even then
they differ from each other due to following reasons :
(i) Pressure is scalar but stress is tensor quantity.
(ii) Pressure always acts normal to the surface, but stress
may be normal or tangential.
(iii) Pressure is compressive in nature but stress may be
compressive or tensile.
3. Strain: When the size or shape of a body is changed
under an external force, the body is said to be strained. The
change occurred in the unit size of the body is called strain.

Change in dimension

Strain= > 2 :
Original dimension

(@) It has no dimension as it is a pure number.
(b) (i) If the change in length is occurred, the strain is
called linear strain or longitudinal strain.

L
Fea—i_ —»>F

Logitudinal strain =%

(i) If the change in volume
is occurred, the strain is
called volumetric strain.

. : AV
Volumetric strain = o

/F

(iii) Generally, if the change in shape is occurred, the
strain is called shearing strain or shear.

4—— Shear sirain

Shearing strain = ¢

4. Stress-strain graph : From graph, it is obvious that
in elastic limit, stress is proportional to strain. This is known
as Hooke’s law.

Plastic .
T Breakingl [ _ region _
| strength Ele
& [SIE:15311o] S —
2 imit
7))
g Strain —»

Stress o< Strain
Stress = E x strain

- Stress

" Strain
where E is proportionality dimensional constant known
as coefficient of elasticity.
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5. Types of coefficient of elasticity :

Logitudinal st :
(a) Young’s modulus =Y = Ogl‘u 1.na = X
Longitudinal strain
v F _FL
A 8L AL L
1
(b) Bulk modulus =B 3
| A
_ Volumetric stress "r'
~ Volumetric strain YF
Compressibility = % \ / @
—
(c¢) Modulus of riziaity
/ \
/b)) N

F Snearingsiicss
=)= A_cn ~ Shearing strain

6. Poisson’s ratio: The ratio of the lateral strain to the
longitudinal strain is constant for a given material. This
constant is called as Poisson’s ratio which is denoted by ©.

Lateral strain
Longitudinal strain

%)

B

(a) o has no units and dimensions.

Poisson’sratio=¢ =

(b) Theoretically, ~-1<o0< %
(c) Practically O<o< %

7. Work done or Potential energy stored in a stretched
wire: When a wire is stretched work is done against the
interatomic forces. This work is stored in the wire in the form
of elastic potential energy.

Elastic energy stored,

u :% x load x extension =% Fx =% Kk

= stress X strain X volume

¢ F=ky)

For twisting motion,

v

Tx0==CH0

paf =
Fa| =

1 "
U == x torque X angular twist =
Elastic energy density,

1 : .
U= > X stress X strain ]/m3 = % Y x strain? ]/m3
-

Some important points regarding elasticity :
(@) Greater is the modulus of elasticity, the material is
more elastic.

(b) Esotid > Eliquid 2 Egas

Some Mechanical Properties of Matter

{(c) Relation among some elastic tonstants viz., Y, B, n

and o.

G) Y=2n(1+0) (i) Y=3B (1 - 20)
.. +_ 9Bn . 3B-2m
(iif) Y_3B+T] @) 0_6B+2n

(d) When temperature increases, coefficients of elasticity
(Y, B,n) decrease.

(e) . Gases have two Bulk moduli,
(i) Isothermal elasticity Eg=P

(i) Adiabatic elasticity Ey=YP

8. Surface tension: T:-fr:

Here L=length of imaginary line
drawn at the surface of liquid.
and
F =force acting on one side of

line (shown in figure)
(a) Surface tension does not depend

upon surface area.

(b) When temperature increases, surface tension decreases.
(c) At critical temperature surface tension is zero.
9. Rise or fall of a liquid in a capillary tube,

2T cos 8
pg
Here: 6 =angle of contact

h

r =radius of capillary tube
p = density of liquid
For a given liquid and solid at a given place,
hr = constant.
10. Surface energy density is defined as work done
against surface tension per unit area. It is numerically equal
to surface tension.

W =work = surface tension X area

(a) For a drop of radius R, W = 4nRT

(b) For a soap bubble, W = 8nR*T
11. Excess pressure :

2T
(a) For drop, P =R
(b) For soap bubble, =%g:
12. Viscosity:
(a) Newton’s law of viscous force :

dv
F=-nA 2
dv X -
where o velocity gradient
A =area of liquid layer
n = coefficient of viscosity
The unit of coefficient of viscosity in CGS is poise.
(b) SI unit of coefficient of viscosity
= poiseuille =10 poise.
(c) In the case of liquid, viscosity increases with density.
(d) In the case of gas, viscosity decreases with density.
(e) In the case of liquid, when temperature increases,
viscosity decreases.
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(f) In the case of gas, when temperature increases,

viscosity increases.

Prnr?

8nL
where V =the volume of liquid flowing per second
through a capillary tube of length L and radius r

n = coefficient of viscosity
and P = pressure difference between ends of the tube
14. Stoke’s law: The viscous force acting on a spherical

13. Poiseuille’s equation V=

body moving with constant velocity v in a viscous liquid is
F=6rnrv

where r =radius of spherical body
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2’ (p-0)g

9v
where r =radius of spherical body moving with constant
velocity v in a viscous liquid of coefficient of viscosity
n and density p
and o =density of spherical body
16. Critical velocity (vy) :

k
Vo= Fl;'l
where k =Reynold’s number, for narrow tube, k ~ 1000.

15. Determination of N: N =

(a) For stream line motion, flow of velocity v <vj.
(b) For turbulant motion, flow of velocity v > vy,

Level-1
8.

. A one metre long steel wire of cross-sectional area
1 mm? is extended by 1 mm. If Y=2x10"" Nm™, then
the work done is :

(@) 0.17] (b) 0.2

(c) 03] (d) 047]

. Along rod of radius 1 cm and length 2 m which is fixed
at one end is given a twist of 0.8 radian. The shear strain
developed will be:

(a) 0.002 (b) 0.004

(c) 0.008 (d) 0.016

. Two wires of the same material and length are stretched
by the same force. Their masses are in the ratio 3 : 2, their
elongations are in the ratio:

(@) 3:2 (b) 9:4

{c)2:3 (d) 4:9

. Along wire hangs vertically with its upper end clamped.
A torque of 8 Nm applied to the free end twisted it
through 45°, the potential energy of the twisted wire is:

(@) 7 joule (b) % joule

(c) 7 joule (d) g joule

. Theoretically the value of Poisson’s ratio g lies between :
(a) 0<o<1 (b) -1<6<05

(c) 02<0<04 - (d) -1<o<1

.- When a rubber cord is stretched, the change in volume
with respect to change in its linear dimension is
negligible, the Poisson'’s ratio for rubber is:

(@1 (b) 0.25

(c) 0.5 (d) 0.75

. A uniform rod suffers a longitudinal strain of 2 x 1073,
The Poisson’s ratio of the material of the rod is 0.50. The
percentage change in volume is:

(a) zero (b) 0.1

(c) 0.2 (d) 0.6

10.

11.

12.

13.

{c) 0.3 cm

A cable that can support a load of 800 N is cut into two
equal parts. The maximum load that can be supported
by either part is:

(a) 100 N (b) 400 N

{(c) 800 N (d) 1600 N

The breaking stress of wire of length ! and radius r is
Skgwt m~2. The length and radius of wire are doubled,

the breaking stress in kg wt m72is:

@ 5 (b) 10

(c) 20 (d) 80

The Young’s modulus and Bulk modulus of elastic
material is 7 x 101 Nm~2 and 11 x 10'* Nm™2 respectively
then the Poisson’s ratio of the material is :

(@) 0.12 (b) 0.24

(c) 0.31 (d) 0.39

When a weight of 5 kg is suspended from a copper wire of
length 30 m and radius 0.5 mm, the length of the wire
increases by 2.4 cm. If the radius is doubled, the extension
produced is :
(a) 1.2 cm (b) 0.6 cm

(d) 0.15 cm

A cylindrical rod has breaking stress of 10° Nm2. The
maximum possible height of the rod is 5 m. The density
of material of the rod is: (takeng =10 m/sz)

(@) 10°kgm™ (b) 10*kgm™

(©) 2x10* kg m™ (d) 1kgm™

The pressure applied from all directions on a cube is P.
How much its temperature should be raised to maintain

the original volume ? The volume elasticity of the cube
is B and the coefficient of volume expansion is y:

P
(a) Y% ®) 5
B
© 2 @ =

T
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Level-2
8.

The dimensions of Poisson’s ratio is:

(a) IMLOT] (b) ML T7?]

(©) ML*T™ (d) ML?T™]

One end of a wire 2 m long and diameter 2 mm, is fixed
in a ceiling. A naughty boy of mass 10 kg jumps to catch
the free end and stays there. The change in length of wire
is : (Take g =10 m/s?, Y =2 x 10" N/m?)

(a) 31.84x10° m (b) 2 mm

() 3 mm (d) 4m

In above problem, if Poisson’s ratio is 6 = 0.1, the change
in diameter is:

(@) 3.184x10° m (b) 31.84x10° m

(c) 3.184x10° m (d) 31.84x10°% m

Two bodies of masses 1 kg and 2 kg are connected by a
metal wire shown in figure. A force of 10 N is applied
on the body of mass 2 kg. The breaking stress of metal
wire is 2 x 10° N/m?.
What should be
minimum radius of
the wire used, if it is
not to break ?

(a) 0.23x10*m (b) 4x10*m

© 5x10%m (d) 52%x10m

Two wires, one made of copper and other of steel are
joined end to end. (as shown in figure). The area of
cross-section of copper wire is twice that of steel wire.

) -

They are placed under compressive force of magnitudes
F. The ratio of their lengths such that change in lengths

1kg 2kg

oS
Smooth surface

F=10N
—>

of both wires are same .is: (Y5=2><1O11 N/m? and
Yco=1.1x10" N/m?)

(@ 21 (b) 1.1

(c) 1.2 (d) 2

The total elongation of the bar, if the bar is subjected to
axial forces as shown in figure and the cross-sectional

area of bar is 10 cm2, is: (Take E=8x 102 dyne/cmz)
A B - (] D
Ste—1- ——» 3t —-‘ﬁﬂ —t

«60cm pi<d-60cm pd—— 120cm —p

(b) 0.5 cm
(d) 0.775 cm

(@ 0.01 cm
(c) 0.0675 cm

. When tension in a metal wire is Ty, its length was I; and

when tension is T, the length is I. Its unstretched length

18 :
— L+l
(a). VIl () =gt
(1T - LbTy) hT,+Thlp
(C Ty - T1_ (d) T1_ +T5

10.

11.

12,

. In the
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Three blocks system is shown in the figure. Each has
mass 3 kg. String connected to P and Q are of equal

cross-section -and Young’s modulus of 0.005 cm” and

2 x 101 N/m? respectively, neglect friction. The
longitudinal strain in A and B are:

(@) 25x107% 1x107%

(b) 1x107%2x1074
(©) 02x10°%2x10™* '

(d) none of these

previous
problem, the elastic
potential energy stored /7
per - unit volume in
wire connecting blocks
P in steady state is:

(Take g =10 m/sz)

(a) 500J/m’ (b) 1000 J/m*
(c) 2000 J/m> (d) 3000J/m’
One end of a steel wire is fixed to i @ag=2m/s?
ceiling of an elevator moving up

with an acceleration 2 m/s> and a
load of 10 kg hangs from other end.
Area of cross-section of the wire is 2

)

cm”. The longitudinal strain in the

wire is: (Take g=10 m/s’ and
Y =2 x 10" N/m?)

(a) 4x 10 (b) 3x107°
() 8x107° (d) 2x107°

Equal weights are suspended from two wires of the same
metal one of these wire is of length 2 m and diameter 1
mm, while the other is of length 1 m and diameter 0.5
mm. Then:

(a) first wire has greater extension

(b) second wire has greater extension

(c) both wire have the same extension

(d) extension in both wires are zero

Two wires one of copper and other of steel having same
cross-sectional area and lengths 1.0 m and 05 m
respectively, are fastened end to end and stretched by a
load M. If copper wire is stretched by 1 mm, the total
extension of the combined wire is :

(Given: Young’s modulii are Ycgpper =1 % 10" N/m?, and
Ygteel = 2 X 1011 N/m?)

(a) 0.125 cm
(¢) 0.120 cm

(b) 0.2 cm
(d) 0.25 cm
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13.

14.

15.

16.

17.

18.

Two bodies of masses 1 kg and 2 kg
are connected by a steel wire of cross-
section 2 cm? going over a smooth
pulley (as shown in figure). The
longitudinal strain in the wire is:

(Take g =10 m/s?,

1kg
Y =2x10" N/m?)
_7 5 2kg
(@) 3.3x10 (b) 3.3x10
(c) 2x107° (d) 4x107°
A body of mass 1 kg is fastened to one end of a steel wire

of cross-sectional area 3x107°m? and is rotated in

horizontal circle of radius 20 cm with a constant speed
2 m/s. The elongation of the wire is: (Y =2 x 101! N/mz)
(@) 0.33%x10° m (b) 0.67x 10 m

) 2x10°m (d) 4x10° m

A body of mass m =10 kg is attached to a wire of length

0.3 m. The maximum angular velocity with which it can
be rotated in a horizontal circle is: (Breaking stress of

wire =4.8 x 10’ N/m? and area of cross-section of a wire

=10"°m?)
(a) 4 rad/s (b) 8 rad/s
(c) 1rad/s (d) 2 rad/s

Two equal parts of a cable are joined together. The
maximum load that can be supported by either part is
w. Then the maximum load that can be supported by the
cable  after joining is :

(a) w2 (b) wi3

(o) w4 (d) w

From the ceiling, a light

rod of length 200 cm is = “SSSSSINSSISONINNSNSSN
suspended horizontally Steel Brass
with the help of two "Y'l 200cm __jwire

vertical wires of equal
length as shown in figure.
If one wire is made of L )
brass and have cross- !

J

other of steel of 0.1 cm? of cross-sectional area, then at
what distance along rod a weight may be hung to
produce equal stress in both the wires ?

sectional area 0.2 cm? and

4 :
3m from brass wire

(@ % m from steel wire (b)

(¢) 1 m from steel wire (d) i— m from brass wire

If a conical wire is stretched by two forces F applied
parallel to its length and in opposite direction, normal to
end faces. The length of wire is L and its end radius are
r1 and ry. Find ‘out the extension produced: (Given:
Y = Young’s modulus of wire)

FL FL
a b
@) nr%Y ®) rrY
FL FLY
© nriraY (d) nriry

19.

20.

21.

22,

23.

24,

25.
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The velocity of projection of a missile of mass 5 g, when
a rubber cord is stretched to 12 cm and then released to
project the missile, is: (Given: Area of cross-section of

cord =1 mmz, total unstretched length =10 c¢m, Young's

modulus of rubber =5 x 10 N/mz)

(@ 20 m/s (b) 25 m/s

(c) 22 m/s (d) 18 m/s

When does an elastic metal rod change its length ?

(a) If it fall vertically under its weight

(b) If it is pulled along its length by a force acting at one
end

(c) If it is rotated about an axis at one end

(d) If it slides on a smooth surface

On what factor should the coefficient of restitution

depend when two bodies having masses m and M

(m < M) collide with each other ?

(a) Coefficient of restitution depends upon
modulus of elasticity of heavier body only

(b) Coefficient of restitution depends upon
modulus of elasticity of lighter body only

(c) Coefficient of restitution depends upon
modulus of elasticity of both the bodies

(d) Coefficient of restitution depends upon Nature of
collision (wheather it is head on or oblique)

Young'’s
Young’s

Young's

If a metal wire of length L, having area of cross-section
A and Young’s modulus Y, behaves as a spring of spring
constant k. The value of k is :

@ X4 () 22
© 22 @

Two identical springs of steel and copper are equally
stretched. W4 and Wpg represent works for steel and
copper. Then :

(a) WA > WB (b) WA < WB

(c) Wa=Wp (d) Wa>Wp

In the figure three identical springs
are shown. From spring A, a mass
of 4 kg is hung and spring shows
elongation of 1 cm. But when a
weight of 6 kg is hung on B, the
Hook’s descends :

(@ 1cm

(b) 2 cm

(c) 3cm

(d) 4 cm

A system consists of two springs and a mass ~ssassa
K
k

displaced slightly along vertical and released.
The system oscillates with a period of 2 sec.

m=1kg as shown in figure. If mass m is g
Then the spring constant k is :

o) = £

@ % g

@ =

©E
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26.

27.

28.

29.

30.
31.

32.

34,

- () 0.98x 10 N/m?

Which of following graphs satisfies the Hooke’s law
under elastic limit ?

Load —»
Load —p

Ext-—#

(b)
| \

Ext—+ Ext—>
() (d)

Elongation-load graph within elastic limit is shown in
figure of three wires A, B
and C made of same

Ext.—»

(&)

Load —#
Load —

material and of same length. T A
The thickest wire is: o B
(a) A § :
(b) B

(© C

(d) none of the above Elongation :

What will happen if a metal wire is stretched a little

beyond its elastic limit (or yield point) and released ?

(a) It loses its elastic property completely

(b) It does not contract

(c) It contracts, but its final length will be greater than
its initial length

(d) It contracts only up to its length at the elastic limit

The linear strain in x, y and z-directions are ¢,, ¢, and e,

respectively. Then the volumetric strain is given by :

(@) exeye, (b) ex+e,+e,
ey t+e,

(c) e.=erey (d) e;= 2 :

Young's modulus is defined for:

(a) solid (b) liquid

(c) gas (d) all of these

The bulk modulus for an incompressible liquid is :
@) = (b) 0

(€)1 (d) 2

The value of modulus of rigidity for liquids is:

(@) o (b) 0

(1 (d) 2

. If for a material, Y and B are Young’s modulus and Bulk

modulus then:

(@) Y<3B (b) Y=3B

(c) Y>3B (d) 3y=B

When a sphere is taken to bottom of sea 1 km deep, it
contracts by 0.01%. The bulk modulus of elasticity of the
material of sphere is: (Given: Density of water
=1 g/cms)

(a) 9.8x 10! N/m? (b) 10.2 x 10'° N/m?

(d) 8.4x10'° N/m?

35.

37.

38,

39,

40.

41.
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The stress for one litre of a perfect gas, at a pressure of
72 cm of Hg, when it is compressed isothermally to a
volume of 900 cc, is:

(a) 9.88x 10> N/m?
(c) 1.088x 10> N/m?

(b) 10.88x 10° N/m?
(d) 2 x 10° N/m?

. The force needed to punch a hole in shape of square of
edge length 2 cm in a steel ;
sheet 2 mm thick, is: (Given: | T
Shearing stress =3.5 x 10 N/m?) | | AL
(a) 5.6x10°N 5
(b) 62x10*N

4 A /2

(c) 5.6x% 104N ; &
(d) 76x10*N |I| S ,]
If the shear modulus of a wire material is

59x 101 dyne/cm2 then the potential energy of a wire of

4x10™ cm in diameter and 5 cm long twisted through
an angle of 10’, is:

(@) 1.253x 10712 (b) 2x10712]

(c) 1.00x10712] (d) 0.8x1072]

Two cylinders of same material and of same length are
joined end to end as shown in figure. The upper end of
A is rigidly fixed. Their radii are in ratio
of 1:2 respectively. If the lower end of A
B is twisted by an angle 6, the angle of

twist of cylinder A is:

15 16

(@) 16 0 {b) 15 8 5
16 17

(€) 7@ d) 15

What happen to the elastic property of a substance after
annealing (cooling slowly after heating) ?

(a) Increases (b) Decreases

(c) Remain as such (d) Becomes zero

The curve in figure represents potential energy (U) in
between two atoms in a diatomic molecule as a function
of distance ‘x’ between atoms. The atoms are :

(a) attracted when x lies between ‘A’ and ‘B’ and
repelled when x lies between B and C

(b) attracted when x lies between B and C and repelled
when x lies between A and B

(c) attracted when they reach B

(d) repelled when they reach B

Surface tension of liquid :

(a) rises with rise in temperature

(b) fall with rise in temperature

(c) is independent of temperature

(d) none of the above
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42,

43.

44.

45.

46.

47.

A capillary tube of area of cross-section A is dipped in
water vertically. The amount of heat evolved as the water
rises in the capillary tube up to height k is : (The density
of water is p)

Apgh® )
@) 2 (b) Agip
(©) 2Agth (d) none of these

In an experiment a capillary tube is kept vertical, then
water rises up in the tube up to 3 mm height. When the
tube is tilted at an angle of 60° with vertical, what should
be the height of water rise ?

(a) 6 mm (b) 4 mm

() 3mm’ (d) None of these

The rise of water in a capillary tube when kept vertical
in water whose radii is 1/4th of that capillary tube which
when kept, vertical water rise in it upto a height of 3 mm,
is:

(@) 12 mm
(c) 4 mm

(b) 10 mm

(d) 3 mm

The heat evolved for the rise of water when one end of
the capillary tube of radius r is immersed vertically into
water, is: (Assume surface tension =T and density of
water to be p)

2nT nT?2
——— b e
& P8 12 P8
(c) 21;;: (d) none of these

Two parallel glass plates having separation ‘d’ are
dipped in water. Some water rise up in the gap between
the plates. The surface tension of water is S, atmospheric
pressure =P, pressure of water just below the water
surface in the region between the plates is P, find the
relation between them:

25 25
(@) P=P0—7 (b) P=P0+7
4S 4S
(c) P=P0—7 ; (d) P=P0+1r—

In a liquid there is air bubble of radius 1 mm at a depth
10 cm below the free space. The surface tension of liquid
is 0.075 N/m and density is 1000 kg/m>. By what
amount is the pressure inside the bubble greater than the
atmospheric pressure ?
(a) 1130 pascal

(c) 1100 pascal

(b) 1200 pascal
(d) 1000 pascal

48,

49,

50.

51.

52.

53.

54.

55.

56.

57.
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The work done by a boy in making a soap bubble of
diameter 1.4 cm by blowing, if the surface tension of
soap solution is 0.03 N/m, is:

(a) 3x107°] (b) 3.696x107°]

(€) 2x107] (d) 4.2x107%]

A drop of radius r is broken into n equal drops. The work
done if surface tension of water is T, is:

(a) 4rnR*nT (b) 4nR?T (n?¥3-1)

(c) 4nR*T (nl’3 ~-1) (d) none of these

What will happen if n drops of a liquid each has surface
energy E, combine to form a single drop ?
(a) No energy will be released in the process

(b) Some energy will be absorbed in the process

(c) Energy released or absorbed will be E (n — n*%)

(d) Energy released or absorbed will be nE %3 1)

If a bigger drop of liquid at temperature ¢, breaks up into

number of small droplets, then what is temperature of

the droplets ? (Assume bigger drop is isolated from its

surroundings)

(a) Equal to ¢

(b) Greater than ¢

(c) Less than t _

(d) Either (a), (b), (c) depending on surface tension of
liquid

The excess pressure inside a soap bubble of radius 4 cm

is 30 dyne/cm’. The surface tension is :

(a) 30 dyne/cm (b) 20 dyne/cm

(c) 40 dyne/cm (d) 80 dyne/cm

The work done against surface tension in formation of a

drop of mercury of radius 4 cm is :

(surface tension for mercury =465 dyne/cm)

(@) 9.34x107] (b) 10x1072]

(€) 4x1073] (d) 466 ]

The energy required to increase the radius of a soap
bubble from 1 cm to 2 cm is: (The surface tension is
30 dyne/cm)
(a) 240n erg
(c) 480x erg
A film of a liquid is held on a circular ring of radius r.
If the surface tension of the liquid is T, the surface energy
of liquid is:
(a) =T
(c) 4nr°T
The common radius of curvature ‘r’, when two soap
bubbles with radii r; and r; (ry > r;) come in contact, is:

(b) 720w erg
(d) none of these

(b) 2r*T
(d) none of these

rtrp - rr

(@) r= 5 (b) r_rl_r2
_hn N

() f—r1+72 (d) r=Gnr

Water is flowing in a river. If the velocity of a layer at a
distance 10 cm from the bottom is 20 cm/s, the velocity
of layer at a height of 40 cm from the bottom is:

(@) 10 m/s (b) 20 cm/s

(c) 30 cm/s (d) 80 cm/s
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58.

59.

60.

A horizontal plate (10 cm x 10 cm) moves on a layer of
oil of thickness 4 mm with constant speed of 10 cm/s.
The coefficient of viscosity of oil is 4 poise. The
tangential force applied on the plate to maintain the
constant speed of the plate is:

@) 10° dyne (b) 10* dyne

(c) 10° dyne (d) none of these

A liquid is flowing through a narrow tube. The
coefficient of viscosity of liquid is 0.1308 poise. The
length and inner radius of tube are 50 cm and 1 mm
respectively. The rate of flow of liquid is 360 cm’/min.
The pressure difference between ends of tube is :

(a) 10° dyne/cm2 (b) 104 dyne/cm2

(c) 10 dyne/cmZ (d) none of these

The terminal velocity of solid sphere of radius 0.1 m
moving in air in vertically downward direction, is:
(M =1.8x10"> Ns/m?, density of sphere =1000 kg/m3 and

62.

63.

g =10m/s?)

(a) 2x10° m/s

(c) 4%10% cm/s
61. Eight equal drops of water each of radius r=2 mm are

(b) 1.2x10® cm/s

(d) none of these

64.

Some Mechanical Properties of Matter

terminal velocity of big drop is:

(@) 16 cm/s (b) 32 cm/s

(c) 64 cm/s (d) none of these

At 20°C, to attain the terminal velocity how fast will an
aluminium sphere of radii 1 mm fall through water?
[Assume flow to be laminar flow and specific gravity

(Al) = 2.7, Nyater =8 X 107 Pa]

(@) 5m/s (b) 47 m/s
(c) 4m/s (d) 2m/s
The journey of a small Y 3 "
spherical  solid  ball
dropped in a viscous ‘g %’r c
liquid is best described &

> £ D
by :
(@) curve A ‘
(b) curve B Distance
(c) curve C
(d) curve D

The speed of flow of water through a long cylindrical
pipe of diameter 2 cm so that flow become turbulent, is :
(Assume at temperature of 20°C, viscosity

n=1x 1073 Pa. second, Reynold number = 3000)

falling through air with a terminal velocity of 16 cm/s. (@) 1.5m/s (b) 0.15 m/s
The eight drops combine to form a big drop. The (c) 2 m/s (d) 1 m/s
Answers
Level-1
. @ 2 (b) 3 () 4 @ 5 () 6 () 7. @ 8 () 9 () 10 (d)
1. () 12 () 13. (a)
Level-2
1. (a) 2. (a) 3. (o) 4. (a) 5. (b) 6. (0 7. () 8. ) 9. (b) 10. (b)
1. ) 12 (@) 13. (@ 14. (b) 15 (@) 16 (d) 17. (@ 18. () 19. (@) 20. (b)
21 () 22. (@ 23. (@ 24. () 25. (d) 26. (@) 27. (@ 28. () 29. (b) 30. (a)
3. (@) 32 () 33 (@ 34 (@ 35 (b) 36. () 37. (@ 38 () 39. (b) 40. (b)
41, (b) 42, (a) 43. (a) 4. (a) 45. (c) 46. (a) 47, (a) 48. (b) 49. (o) 50. ()
5. () 52. (@) 53. (@ 54 () 55 (b) 56 (b) 57. (d) 58. (b) 59. (a) 60. (b)
61. () 62. (b) 63 () 64. (b)
Solutions
Level-1
YA AL FL
1. F=T 3. Y=A—
Work done=%P M:%YALALZ or ALo-:%
2% 101 x 1076 x 10~° Again m—Alp or meA
e 2x1 Al"‘l
m
=0.1] R
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Wave Motion and Waves on String

Review of Concepts

1. Wave : It is a process by which transfer of energy and

momentum take place from one portion of medium to
another portion of medium.

(a) If a wave reaches at a point, then the particle of that
point starts to oscillate. The presence of a wave at a
point is caused by disturbance at that point. The
disturbance consists of momentum and energy.

(b) Wave function: Any function of space and time

. Fy_1dy

which obeys — = —=—= represents a wave.

ax® 2ot
Mathematically, y =f(x, t)

Remember that wave function should be continuous,
single valued, harmonic and finite.

2. Travelling or progressive wave : Any wave equation

which is in the form of y = f(wf + kx) represents a progressive
wave.

(@) If the sign of ¢t and x are opposite, wave is
propagating along positive x-axis.

(b) If the sign of ¢+ and x are same, then wave is
propagating in negative x-direction.

(c) Wave speed, c= 2—)
(d) If wt — kx = phase = constant, then the shape of wave
remains constant.

(€) Particle velocity, vparticle ==,

]
(f) Slope = %
(8) For a wave, vpapticle =— C (Slope).
(h) For a given {, y-x graph gives the shape of pulse or
string.
3. Plane harmonic progressive or travelling wave : For

progressive wave, y = f(wf + kx). If the function ‘f’ is sine or
cosine function, then the wave is harmonic progressive wave.

(a) The equation of plane harmonic progressive wave
moving along positive x-axis is
y = A sin (of - kx)

y =Asin (ot —kx+ ) (In general)

(b) The equation of plane harmonic progressive wave
moving along negative axis is
y = A sin (of + kx)

In general, y =Asin (ot + kx + ¢)

Syllabus: Wave motion, speed of a wave, transverse wave, superposition of waves, progressive and standing waves, vibration of string.

(c) Different form of plane harmonic progressive wave :
y=A cos(o(t—;}
y = A cos (©f — kx)
y = A cos (ot + kx)

y-Asm(nI: "c}

y=Asin ((oi - kx),
y = A sin (0t + kx),

.'Ilv

. tox! _ fia b
y-Astn(T—}u] y—AcosZn(T ]

y=Asink(ct—x),' y=Acosk (ct —x)
y=Asink (ct+ x), y=Acosk (ct+x)

4. Speed of transverse wave :

M)
v)~ea)
where, T = force of tension

p =linear density = mass per unit length

p = volume density
5. Stationary or standing wave: The superposition of

two identical waves travelling in opposite direction along the
same line is known as stationary wave. If two waves

y1=asin (ot —kx) and yp=asin (wt+kx)
These two waves form stationary wave. Then
Y =Y1+ Yz =2acos kx sin wt

Some important points regarding standing or

stationary waves :

(@) Every particle of the medium vibrates in SHM
manner but amplitude depends on position, ie.,
A =2A cos kx.

(b) The point of medium with zero amplitude is a point
of node and the point of medium with maximum
amplitude (i.e., Apnax =24) is a point of antinode.

(¢) The particle of medium at node remains permanently
at rest. Also nodes divide the medium into loops. All
particles of a medium lying in a loop (node to node)
vibrate in same phase having different amplitude.

(d) Total energy of a loop remains constant.

() At node displacement is zero but pressure is
maximum.

(f) At antinode, displacement is maximum but pressure
is minimum.

(g) The equation of stationary wave for a string fixed at
one end is

y = 2a sin kx cos wf
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(i) For a given time ¢, the y-x graph gives the shape of

string.

The distance between two successive nodes or the

distance between two successive antinodes is A/2.

The distance between nearest node and antinode is

A4,

(h) The equation of stationary wave on a string fixed at

one end is

(ii)
(iii)

Y = 24 sin kx cos wt

6. Mode of vibration of string fixed at both ends:
(a) The frequency of vibration is

(c) Characteristics of different harmonics and overtones :

225

f"_z_l im
Ratio of harmonics produced =1:2:3
where, [ =length of string
T =tension in string

)

1 = linear mass density.
(b) If the strings vibrates in p loops, pth harmonic is
produced then frequency of pth harmonic is

p \f T
fo=3i (‘]

I\?(;. Harmonic Mode N‘}T::: & Nu:;g: S 1:221$:;er Frequency Wavelength
1. Ist Fundamental 1 2 1 ny=n ZTI
2. IInd Ist overtone 2 3 2 ny=2n 231
3. Ilird IInd overtone 3 4 3 ny=3n %l—
2
4. pth (p - 1)th overtone P (p+1) [/ n,=pn 7
Some important points about vibration of string: frequencies.

(i) If string is in resonance with a source, then any one
of its natural frequencies coincides with that of the
source.

(ii) If a string is vibrating in nth mode of vibration, then
(a) number of harmonics =n.

(b) f,=nf, where f is frequency of first or funda-
mental mode of vibration.

(c) the number of loops =n.

(d) the number of antinodes =n.

(e) the number of nodes =n +1.

(f) the number of overtones =n - 1.
But at n =1, overtones is fundamental.

(iii) If the vibration takes place in a composite string
formed by joining two strings of different lengths,
cross-section and densities but having same tension
throughout the string, then the common frequency of
vibration is

fo=mf=mf
Here, f; = fundamental frequency for first string

f2 = fundamental frequency for second string
(iv) The - meaning .of interval is the ratio of two

(v) The meaning of octave is 2, e.g., if f, is nth octave
higher than f;, then

£=2"h
7. The transmitted by wave is

ﬁ:%pAz w’c.

average power

8. The intensity of wave is
L2 A2
I= 5 PO Ac

A\

JA,- and the

Co—Cq
9. The amplitude of reflected wave is [ ——
c1+cCp

amplitude of transmitted wave is

A=A ﬂ
b 4 c1+c6

s

Here, A; = amplitude of incident wave in first medium
c1 = speed of wave in first medium
c; = speed of wave in second medium

10. Melde’s law : p VT = constant

Objective Questions

Level-1

1. A transverse wave consists of :
(a) only crest.
(b) only trough
(c) both crest and trough
(d) rarefactions and compressions

2. The speed of wave of time period T and propagation
constant k is:

2r Tk
@ T b) o
1 T
© 7% (d +
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3.

~1

10.

The equation of a travelling wave s
y =60 cos (1800 t — 6x) where y is in microns, ¢ in seconds

A wave pulse in the shape of y=f(x) at t =0 is moving
along positive x-axis with a constant speed c. The

and x in metres. The ratio of maximum particle velocity 13,
to velocity of wave propagation is:
(a) 3.6x1071 (b) 3.6x107°
(c) 3.6x107* (d) 3.6
The phase difference between the prongs of a tuning fork
is :
(@ =« (b) 3n 12.
(c) 2= (d) none of these
If x; =a sin | wt +2— and x, =a cos w!, the phase difference
between waves is:
@ % ®) .
3 6
© 3 @ =
Figure shows the shape of string, «which pairs of points
are in opposite phase ¢ 14.
A
/—'_\ ~ ;
c E
15.
B
(a) Aand B (b) Band C
(c) Cand E (d) none of these
The phase change between incident and reflected sound
wave from a fixed wall is :
(@) 0 (b) =
(©) 3n @ 5
Which of following represents the equation of standing iz
wave ?
(a) acos ! sin kx (b) acos kx cos wt
(c) asin kx sin ot (d) all of these
17.
For the standing wave y =2 sin % cos 96 nt, where x and
y are in cm and ¢ is in second, the amplitude at node is :
(@) zero (b) 2 cm 18.
(c) 4 cm (d) none of these
In previous problem, the minimum distance between
node and antinode is:
Level-2
. Which of the following cannot represent a travelling
wave ?
(a) y=a cos (of +kx) (b) y=acos (ax+bt)
(c) y=Asm(x-vt) (d) y =f(x2 - vtz) 3.
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(b) 30 cm
(d) none of these

(a) 15.cm

{c) 75 cm

In the case of standing wave, constructive interference is

formed at:

(a) node

(b) antinode

(c) either node or antinode

(d) none of the above

A string of length 2 m fixed between two supports

vibrates in two loops. The distance between node and

antinode is:

(a) 50 cm (b) 10 cm

(c) 100 cm (d) 200 cm

Standing waves are produced in a 10 m long stretched

string. If the string vibrates in 5 segments and the wave

velocity is 20 ms™! then the frequency is :

(a) 2Hz (b) 4 Hz

(c) 5 Hz (d) 10 Hz

A note has a frequency 200 Hz. The frequency of a note

3 octaves higher than it is:

(a) 200 Hz (b) 600 Hz

{(c) 1600 Hz (d) 1200 Hz

A pulse or a wave train trands along a stretched string

and reaches the fixed end of the string. It will be reflected

back with:

(a) the same phase as the incident pulse but with
velocity reversed

(b) a phase change of 180° with no reversal of velocity

(c) the same phase as the incident pulse with no reversal
of velocity

(d) a phase change of 180° with velocity reversed.

The number of waves each of wavelength 10 cm

produced in string of 100 cm length, is:

fa) 1 (b) 10

(c) 20 (d) 30

The example of forced vibration is :

(a) resonance (b) beats

(c) interference (d) diffraction

Coherent sources are characterized by the same:

(a) phase and phase velocity

{b) wavelength, amplitude and phase velocity

(c) wavelength, amplitude and frequency

(d) wavelength and phase

equation of wave is:
(@) y=f(x+ch)
©) y=flex+1)
A wave pulse is propagating with speed ¢ towards

positive x-axis. The shape of pulse at t=0, is y=ae""b

where 4 and b are constant. The equation of wave is:

(b) y=f(x—ct)

(d) none of these
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10.

[x—ct ‘ ct+x
(@) ae S (b) ae )
(c) ae* ¢ (d) none of these

A wave propagates on a string in positive x-direction
with a speed of 40 cm/s. The shape of string at t =2 s is
y=10cos g' where x and y are in centimetre. The wave
equation is:

x

(@) y=10cos (g = StJ (b) y=10sin [—; = StJ

© y:10cos[§-8t+16J(d) y=10sin(§-8t+16]

A travelling wave is propagating along negative x-axis
through a stretched string. The displacement of a particle
of the string at x =0 is y =a cos @t. The speed of wave is
c¢. The wave equation is:
(@) y=acoswt

(c) y:acosm[t~§} (d) y=acos[mt+%)

(b) y=2acos wt

The equation of a wave travelling on a stretched string
along the x-axis is y=ae &+,
propagation of wave is:

(a) along negative y-axis (b) along positive y-axis

(c) along negative x-axis (d) along positive x-axis

The direction -of

In above problem, the maximum displacement of particle
of string is :

(@) a (b) b

() ¢ (d) c/b

In previous problem, the speed of wave is :

(@) c/b (b) bic

() a (d) c

The wave travels along a string whose equation is
P

y_p2+(px—qt)2 where p =2 unit and 4=0.5 unit. The
direction of propagation of wave is:

(a) along +y-axis (b) along — x-axis

(c) along + x-axis (d) none of these

If a travelling wave y=asin (kx - @) is moving along
x-axis, which of the following represents the shape of
pulse ?

(a) (®)

FE

() (d

11.

12,

13.

14.

15,

16.

17.
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If wave y=A cos (t + kx) is moving along x-axis, the
shape of pulse at t=0and t=2s:

(a) are different (b) are same
(c) may not be same (d) none of these

At any instant a wave travelling along the string is
shown in fig. Here, point ‘A’ is moving upward. Which
of the following statements is true ?

L T

(a) The wave is travelling to the right

(b) The displacement amplitude of wave ‘is equal to
displacement of B at this instant

(c) At this instant ‘C” also directed upward.

(d) None of these

In the given figure:

-

m

D

(@) the speeds of particles B and C are same
(b) the speeds of particles A, C and E are maximum
(c) the particle F moves upward
(d) all particles have same speed
If a wave propagates through a medium, then the
velocity of particle of medium is given by :
(a) wave velocity X strain
wave velocity
®) strain

(c) wave velocity
angular frequency
d) g q

propagation constant
In a wave motion y =a sin (kx — @), y can represent:
(a) electric field
(b) magnetic field
(c) displacement, pressure
(d) all of the above
The equation of a wave travelling on a stretched string
is:

; ¢ x
y=4sin2r (ﬁz_iﬁﬁ]
Here x and y are in cm and ¢ is in second. The speed of
wave is:
(a) 50 m/s (b) 40 m/s
(c) 50 cm/s (d) 40 cm/s
In previous problem, the ratio of maximum particle
velocity and wavelength is:
@ = (b) 2n
(c) 3x (d) 4r
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18.

19.

20.

21.

22,

23.

24,

In previous problem, the relative deformation amplitude
of medium is:
(a) 0.02n

(c) 0.06n

A plane wave y=asin (0t -kx) propagates through a
stretched string. The particle velocity versus x graph at
t=0is:

(b) 0.08n
(d) none of these

LS AR
(a) (b)

% B
Ry '

{rh @

In above problem relative deformation versus x graph is :

T I
N LN “\\_//"\
W ST (b)
"ul Vu[ o
7T
B . Nl
Rt (d)

Along a stretched string equation of transverse wave is

o x __t
i [2" (20 0.01]]

where, x, y are in cm and ¢ is in sec. The wave velocity
is :

(a) 20 m/s (b) 30 m/s

() 15m/s (d) 25 m/s

A transverse wave along a string is given by

y=2sin [21: 3t - x) +:15J

where, x and y are in cm and ¢ in second. The acceleration
of a particle located at x=4cm at{=1sis:

(a) 36 V27 cnvs? (b) 36m? crrvs?

(c) —36+2: 7 c/s? (d) - 362 cmy/s?

If y=ygsin2m|ft - 2 J is the equation of transverse wave,
i L

then for what value of ‘A’ the maximum particle velocity
is equal to four times the wave velocity ?

@ yor (b) £
(C) 2y0 T (d) 1.5y07t

Along a stretched wire a transverse wave passes with
speed 3000 m/s. If the tension in the wire increased four
times, then the velocity of the wave is
fa) 1500 m/s (b) 3000 m/s
(c) 6000 m/s (d) 9000 m/s

25.

26.

27.

28.

29,

30.

31.

Wave Motion and Waves on String

A long rubber tube having mass
0.9 kg is fastened to a fixed
support and the free end of the
tube is attached to a cord which
passes over a pulley and supports
an object, with a mass of 5 kg as
shown in fig. If the tube is struck
by a transverse blow at one end,
the time required for the pulse to
reach the other end is:
(@ 5s

(c) 47 s

For a wave

(b) 0.47 s
(d) 32s

y=0.0002 sin [211: (llOt L ﬂ + g]

is travelling in a medium. The energy per unit volume
being transfered by wave if density of medium is
15 kg/ms, is :

(@) 14x107%J/m3 (b) 1432x 1074 ]/m®

(c) 14.3x10"4J/m> (d) 1.43%x1074]/m>

The time taken by a transverse wave to travel the full
length of a uniform rope of mass 0.1 kg and length
2.45 m hanging from the ceiling, is:

@ 1s (b) 055

(c) 2s (d) 1.5s

The speed of the wave travelling on the uniform circular
hoop of string, rotating clockwise in absence of gravity
with tangential speed vy, is:

(a) v=1g (b) v=2y,
© D=2 d) v==
3 2

A transverse wave is passing through a light string
shown in the figure. The
equation of wave is
y = Assin (ot — kx). The
area of cross-section of
string’is A and density is
p. The hanging mass is :

PO LELELL

«
(a) Aw ® o
Z
(c) P;—m (d} none of these
4

A transverse wave of equation y=2 sin (0.01x+ 30¢)
moves on a stretched string from one end to another end.
In the equation of wave, x and y are in cm and ¢ is in
second. The time taken by wave to reach from one end
to another end of string is 5 s. The length of string is:
(a) 10 m (b) 100 m

(c) 150 m (d) 160 m

A sinusoidal wave travelling in the same direction have
amplitudes of 3 cm and 4 cm and difference in phase by
7/2. The resultant amplitude of the superimposed wave
is:

(@) 7 cm
(c) 2 cm

(b) 5 cm
(d) 0.5 cm



Wave Motion and Waves on String

32,

33.

34.

35.

36.

37.

Two simple harmonic motions are represented by the
equations

g i
y1 =10 sin {31& + 4}

Y, =5 (3 sin 3wt + V3 cos 3nf)

Their amplitudes are in the ratio of :

and

(a) V3 (b) N3
(€). 2 (d) /6

; 2nx . (2mot
Predict for the wave y=A cos = =sin| == ;

(a) It is a porgressive wave

(b) It is a transverse progressive wave

(c) It is a longitudinal progressive wave

(d) It is a stationary wave

A string of length [ is fixed at both ends and is vibrating
in second harmonic. The amplitude at antinode is 2 mm.
The amplitude of a particle at distance I/8 from the fixed
end is:

(@) 5v¥2 mm (b) % mm
(c) 5 mm (d) % mm

In above problem, the tension in string is T and the linear
mass density of string is p. The ratio of magnitude of
maximum velocity of particle and the magnitude of
maximum acceleration is :

; 2
i)

T

e
T
4 N 2
© = V|- e
n | T
In above problem, if at t=0, y=2.5 mm, the equation of

standing wave is :

—
-

(a) (2.5 mm) sin i X COs (21: V (—’If;} J
i e

(b) 2n

@) -

(b) (5 mm) sin % x cos 27t

—
(¢) (5 mm) sin %TE X COS [ZTI: V l%J )f
‘ e

(d) (5 mm) CO-‘iglE:r cos [211: | [l I J!

ue,
What is the resultant wave obtained for ¢=g rad when

two harmonic waves are
y1 (x, t)=0.2sin (x - 3t)
Y2 (x, 1) =02sin(x-3f+¢)?

(@) y=0.28 sin{x—3t +:,'](b) y=3sin (x - 3t)

N

. 3
(c) y=0.285inix—3t—%|(d) y=0.285in(x+3t—ic-l

38.

39,

40.

41,

42,

43,

44,
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The equation of the standing wave in a string clamped
at both ends, vibrating in its third harmonic is given by

y = 0.4 sin (0.314x) cos (600mt)
where x and y are in cm and { is in sec:
(a). The frequency of vibration is 300 Hz
(b) The length of the string is 30 cm
(c) The nodes are located at x=0, 10 cm, 30 cm
{d) All of the above

The equation of standing wave is y=a cos kx sin wf

which one of following graphs is for the wave at t=§?

A
}‘| /‘\
A] AEUAJ
—X

(a)
—PX

(b)

(d) none of the above

If a string fixed at both ends vibrates in four loops, the
wavelength is 10 cm. The length of string is :

(b) 15 cm

(d) none of these

(@ 5 cm
(c) 30 cm
In above problem, the distance of plucking point from
the fixed end is:
(a) 5cm

(¢) 25 cm

(b) 10 cm
(d) 75 cm

A stretched wire' carries a body of density ¢=8000

kg/m> at its end. The fundamental frequency of
vibration of wire is 260 Hz. The body is dipped
completely in a vessel of water. The new frequency of
fundamental mode of vibrations is: (The density of
water is p = 1000 kg/m°)

(a) 262 Hz (b) 260 Hz

(c) 2432 Hz " (d) 255.5 Hz

An elastic string of length 2 m is fixed at its end. The
string starts to vibrate in third overtone with a frequency
1200 Hz. The ratio of frequency of lower overtone and
fundamental is:
@ 1

(€3

(b) 2
(d) 4

In the given arrangement, if "hanging mass will be

changed by 4%, then percentage change in the wave
speed in string will be:



230

45.

46.

47,

48.

49,

50.

51.

(a) 2%
(C)‘ 3%
If a string is stretched with a weight 4 kg then the
fundamental frequency is equal to 256 Hz. What weight
is needed to produce its octave ?

(a) 4 kg wt (b) 12 kg wt

(c) 16 kg wt (d) 24 kg wt

The minimum possible length of the string when both
ends of string are fixed and has consecutive standing
wave mode for which distance between adjacent nodes
are 18 cm and 16 cm respectively, is:

(@) 150 cm (b) 144 cm

(c) 140 cm (d) 142 cm

In the case of standing wave, if the amplitude of
component waves are not equal, then :

(a) the minimum intensity may be zero

(b) the minimum intensity must be zero

(c) node will be permanently at rest

(d) some energy will pass across the node

The relation between frequency ‘n’ of the string, if

1y, Ny, n3, ... are the frequencies of segments of the

stretched string, is :

@ n=n+ny+nz+...

(c) l=l+—1-+-1—+...
n ny np *ng

(b) n=Vn1 XnpyXnzX...
(d) none of these

In a sonometer experiment the bridges are separated by
a fixed distance. If ‘T’ is tension in slightly elastic wire,
which emits a tone of frequency ‘n’, then frequency of
the tone emitted by the wire when tension is increased
to 4%, is :

@) n

(b) 2n

(c) slightly greater than n

(d) slightly less than 2n

A sonometer wire 65 cm long, is in resonance with a
tuning fork of frequency f. If the length of the sonometer
wire is increased by 1 cm and it is vibrated with the same
tuning fork, 8 beats are heard per second. The value of

fis:
(a) 256 Hz (b) 512 Hz
(c) 260 Hz (d) 520 Hz

A rectangular membrance of
length 2 and breadth b is fixed at 1
x=0 and x=a. If the surface of
membrance is disturbed, the
distance between two successive
nodal lines in the condition of
m mode of vibration, is:

52.

53.

54.

55.

56.

57.

Wave Motion and Waves on String

a 2a
(@ - ®)
a
@ 3,
Find the radius vector defining the position of a point

source of spherical waves if the source is situated on the
straight line between the points with radius vectors T;

© 5

and f} at which the intensities of waves are equal to 4,
and 4;. The medium is homogeneous and the damping
of wave is negligible :

M+ B-7
(@) ®) 25
T +an
o . (d) none of these
ay+ap

A wave of angular frequency ® propagates so that a
certain phase of oscillation moves along x-axis, y-axis
and z-axis with speeds c;, c; and c3 respectively. The

propagation constant k is :

(O] A A
@) _r——c%+c§+c§ G+5+ %)

(c) (m?+a)'f+wf()%

(d) none of the above

Mark correct option/s :

(a) The phase of transmitted wave always remains
unchanged

(b) The amplitude of transmitted wave does not depend
upon the velocity of wave in media

(c) The amplitude of reflected wave and transmitted
wave are same to each other for a given incident
wave

(d) The amplitude of reflected wave is equal to the
amplitude of incident wave

Wave of frequency 500 Hz has a phase velocity 360 m/s.

The phase difference between two displacement at a

certain point at time 1035 apart will be :

(a) = radian (b) g radian

(c) % radian (d) 2n radian

<1
Equation of a plane wave is given by 4 sin %[Zt + EJI. The

phase difference at any given instant of two particles 16
cm apart is:

(a) 60° (b) 90°

(c) 30° (d) 120°

Two points lie on a ray are emerging from a source of
simple harmonic wave having period 0.045. The wave
speed is 300 m/s and points are at 10 m and 16 m from
the source. They differ in phase by :

(@) m (b). n/2

(c) Oor2n (d) none of these
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Answers
Level-1 .
1. (c) 2. (a) 3. (c) 4. (o) 5. (@) 6. (¢ 7. (@) 8. (d) 9. (a) 10. (o)
1. @ 12. (@ 13. (¢) 14 () 15 () 16. (b) 17. (@ 18. (b)
Level-2
1. (d) 2. (b) 3. (@ 4. (o) 5. (d) 6. (c) 7. (@) 8. (a) 9. (c) 10. (@)
1. ) 12. ®b) 13. ) 14 @ 15 (d) 16 (@ 17. d 18 () 19. (@ 20. (d)
21. (@ 22. () 23. () 24 (¢ 25 (b) 26. (b) 27. (@ 28. (@ 29. () 30. (c)
31. (b) 32. (b) 33. (d) 34. (b) 35. (a) 36. (c) 37. (a) 38. (d) 39. (b) 40. (b)
41. (c) 42. (o) 43. (b) 4. (a) 45. (o) 46. (b) 47. (d) 48. (o) 49. (c) 50. (b)
51. (a) 52. (o) 53. (b) 54. (a) 55. (a) 56. (b) 57. (@)
Solutions
Level-1
2 = 2n X A=30cm
T The distance between node and antinode is
O 2%
and c=?=ﬁ %:%?:7.5cm
3. (&)Cl“ﬂ=%)=uk (c=(£J 12 %:1 e
=60x10°x6 A=2 metre le— 1 m—>le— 1 m—>|
=36x10"% Distance between nearest
o node and antinode is
5. xp=asm|ot+—
6] A_2_1
====-m=50cm
. T 4 4 2
and Xp=asin|ot+-:
‘*] pc
13. f='=
Aq)=mt+£— (ot+E 2z
2 6 20
. : =5x
Lt m 3n-7 2x10
"2 6 6
100
2m_n =0 > HE
76 3 fz
10. The standard equation is y =22 sin kx cos ot 14. i =2"
2 ol 3
=15 f=2"f,=8x200
2n_m =1600 Hz
A 15 !l 100
16. n= i = —1[—]— =10
Level-2
. y=f(x—ct) 4.
y=f(x) /- ~ y=10cos (_X:ig_t:_ag)
4 \ o TOcos ~10cos(} —8t+16)
ot y:10cos(xl58-9) \ =
=0y . 2¢=80cm , [t=2sec t=
y=f(x—ct) sl

= 40t
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Sound Wave

Syllabus: Longitudinal wave, vibration of air column, beats, resonance, Doppler’s effect in sound.

Review of Concepts

1. Longitudinal wave: If a longitudinal wave is
passing through a medium, the particles of medium oscillate
about their mean position along the direction of propagation
of wave. The propagation of transverse wave takes place in
the form of crest and trough. But the propagation of
longitudinal wave takes place in the form of rarefaction and
compression.

Some important -points regarding longitudinal wave :

(i) Mechanical transverse wave is not possible in
gaseous and liquid medium. But longitudinal wave
is possible in solid, liquid and gas.

(ii) - In liquid and gas, sound is longitudinal wave. But
in solid, sound wave may be transverse, may be
longitudinal.

(iii) The wvelocity of longitudinal wave (sound) is
=)

“\P
Here, E = coefficient of elasticity

p = density of medium
2. Velocity of sound :
(@) Velocity of sound in a medium is given by

F
o=\ EJ, where E is the modulus of elasticity and

p is the density of the medium.
(b) Velocity of sound is maximum in solids and
minimum in gases since, solids are more elastic.
() In a solid, elasticity E is replaced by Young's

modulus Y so that v:= \l'({-]
(d) In a fluid (liquid or gas). i is replaced by Bulk’s
modulus B so that v:= [%J

(e) Ina gas,

Here, y= 7’1 = adiabatic constant

~0

P =normal pressure
p = density of gas
(f) Newton's formula: According to Newton, when

sound propagates through air, temperature remains
constant, i.e., the process is isothermal. So,

B=Eg=P

At NTP for air,
P=1.01x10°N/m? and p=13kg/m>

te]
So, wup= V(M]:ZW m/s

1.3

This value is very much less than the value
obtained experimentally (=332 m/s).

(g) Laplace’s correction: The formula given by
Newton is modified by Laplace assuming that
propagation of sound in air is an adiabatic process,

ie., B=E,=YP
So that v=Y [IPE]

=v1.41 x279=331.3 m/s

Some important points regarding velocity of sound in
air or gaseous medium:
(i) The speed of sound does not change due to
variation of pressure.
Uy A ’[Tzw
i) 3 = _J

vy T,

(iii) Due to change of temperature by 1°C, the speed of
sound is changed by 0.01 m/s.
(iv) For small variation of temperature,
¢ = (cg + 0.61f) m/s
where, cy=speed of sound at 0°C
¢; = speed of sound at {°C
(v) The speed of sound increases due to increase of
humidity.
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(vi) The velocity of sound in air is measured by
resonance tube.
(vii) The velocity of sound in gases is measured by
Quinke’s tube.
(viii) Kundt’s tube is useful to measure the speed of
sound in solid and gases.
3. Displacement wave and pressure wave: If
displacement wave equation is y = A sin (0 — kx), then the
pressure wave is

P = Py cos (ot — kx)
(a) Pressure amplitude is Py = BAk.
where, B =Bulk modulus of elasticity.
A =displacement amplitude
k = propagation constant or angular wave number

(b) The phase difference between pressure wave and
displacement wave is 1/2.
(c) Longitudinal wave may be considered either as
displacement wave or pressure wave.
4. Energy of sound: The kinetic energy per unit
volume of medium

= % pa2m2 cos? (ot — kx)

Here, p = density of medium
a = displacement amplitude

Energy density = (KE)nax =% pa2m2

5. Power: It is defined as rate of transmission of
energy.

P= % pc a“A
T 1 22 P_P;
6. Intensity: =5 pwiac="r= 2pc
Here, Py = pressure amplitude.
() Ie<a?
() =P}
(c) ‘The intensity due to point source of power P is
D
« 41!‘.7'2-

1 ]
I = for point source
=

(d) The intensity due to straight line source is I e %

(e) The intensity due to a source situated at infinity is
constant at every point.

(f) Loudness =intensity level =L =10 log, [li) decibel
0
(dB).
Here, Iy= 1072 W/m?

For zero level sound, I=1,.

7. Organ pipe: It is a cylindrical tube of uniform
cross-section.

Sound Wave

(a) Closed end organ pipe: Iis
one of end is closed.

f=(2m—l)%=(2m—l)%

Closed end

where, v =speed of wave organ pipe

I =length of tube
m=1,2,3, ...
= number of modes of vibration

2m — 1 = number of harmonics

Some important points regarding closed end organ

pipe:

(i) The closed end is always a point of displacement
node and pressure antinode.

(ii) Open end of the closed end organ pipe is always a
point of displacement antinode and pressure node.

(iii) If end correction is taken into account, then the
effected length of tube is

I=L+e
where, L =actual length of tube
e=03D

(iv) The maximum possible wavelength is 4l.
(v) The fundamental frequency is fj =%-
(vi) Present harmonics : first, third, fifth and so on
Present overtones: fundamental, first, second and
S0 on

(vii} The modes of vibration of closed end organ pipe
are similar to the modes of vibration of rod fixed
or clamped at one end.

(b) Open end organ pipe: Its
both ends are open. The
frequency of vibration is

e I
2
where, m=1,2,3, ...

v =speed of wave

I =length of tube Open end organ pipe.

Some important points regarding open end organ pipe:

(i) All harmonics are present.

(ii) Open ends are points of displacement antinode and
pressure node.

(iii) Possible harmonics: 1, 2, & 4, 5
Possible overtones: fundamental, 1, 2, 3, 4

(iv) The number of overtones is n=m— 1.

(v) The number of harmonics = m.

(vi) The maximum possible wavelength is 21

(vii) Fundamental frequency f; = -%

(viii) The modes of vibration of open end organ pipe are
similar with the modes of vibration of rod clamped
at the middle.

(ix) When a closed end organ pipe is converted into
open end organ pipe, frequency becomes twice.



Sound Wave

(x) When an open end organ pipe is submerged in
water upto half of its length. It behaves as a
closed end organ pipe. But frequency remains
unchanged.

(xi) If end correction is taken into account, the effected
length of the open end organ pipe is

I=L+2e
where, e=0.3 D (D is diameter of the pipe)

(xii) If the diameter of organ pipe decreases, frequency
increases.

(xiii) The frequency of open end organ pipe does not
change if the ratio of speed of sound in it to its
length remains constant.

8. Resonating air column experiment :

(a) At first resonance,

Ll +e= %
At second resonance,
3A
L2 +e= 4
3 A A
SO, L')—L":T—Z::E
or A=2(L-Ly
(b) End correction,
_(Lp-3Ly)
BEE

=

9. Beats: The superposition of two waves of small
difference in frequency in same direction is known as beats.

If y1=asin it and y,=asin wyt
then Y =2a cos wt sin @,
(0 e J1—
Here, P Sk MPAN € B )
2 2
w; + + /2
and Wy = 120)2=2n [fl 2f"]

Some important points regarding beats:

(i) The beats frequency =number of beats per second
=li-hl

(ii) In the case of beats, the intensity at a point varies
periodically.

(iii) If beats frequency is fraction then round off is not
allowed, e.g., if beats frequency is 5.2 Hz, then in
five second 26 beats (not 25) are heard.

(iv) Due to waxing or wanning to a tuning fork,
frequency decreases.

(v) Due to filing a tuning fork, frequency increases.

10. Musical sound: A musical sound consists of a

quick succession of regular and periodic rarefactions
and compressions without any sudden change in its
amplitude.

(@) Anote is a musical sound consisting of two or more
tones.

{(b) A tone is a musical sound of a single frequency.
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11. Doppler’s effect of sound:

- V— s
n= n
V-7

v =velocity of sound in medium.
v, = velocity of observerin the medium

v = velocity of source in the medium
Here, n’ = apparent frequency.
n = frequency of source
For solving the prctlem, source to observer direction is
taken as positive.
(a) When source moves towards stationary observer

n= n
V- V.

{(b) When source moves away from observer

v
v+

n=

(c) When observer moves towards the stationary source

v+,
n'=l——In
v

(d) When observer moves away from the stationary

source
= V=0,
n= n
v
)
(e) Here, (s et
(v—1vscos 0)
0
)
- Vg
v—1,c08 6y
(f) Here, n=|————|n
v+ 9,008 6;
Vg Vo
6, 9,

(g) When source is at centre and
observer is moving on the circular °
path S 90

n=n 0

(h) For solving the problem, Doppler’s effect in vector
form is comfortable.

Observer

©

o-

I
S r




Objective Questions

r_} A _) A‘
| ver-v,er
nzﬁ

Ver—vV.,er

= > o
Here, r=unit vector along the line joining

source and observer.

-3
v = velocity of sound in the medium. Its direction is

always taken from source to observer

Sound Wave

— ]
v, = velocity of observer

v =velocity of source

n = actual frequency of source

n’ = apparent frequency

Level-1

. Which of the following is the longitudinal wave ?

(a) Sound waves (b) Waves on plucked string
(c) Water waves (d) Light waves

. Which of following can not travel through vacuum ?
(@) Electromagnetic wave

(b) Sound wave

(c) Light wave

(d) X-ray

. A longitudinal wave consists of :

(a) rarefactions and compressions

(b) only compressions

(c) only rarefactions

(d) crest and trough

. The velocity of sound is. maximum in:

(@) CO, (b) SO,

() NH3 (d) CH,4

. A longitudinal wave is passing through a medium of

density p. If the speed of wave is c, bulk modulus of
elasticity of medium is:

@ pc
© 508

(b) pc”
(d) none of these

. If Newton's formula is applicable, then the formula for
velocity of sound is:

p

J LY

©

BRI ' (d) none of these

M

. According to Laplace correction, the propagation of
sound in gas takes place under:

(a) isothermal condition (b) isobaric condition

(c) isochoric condition (d) adiabatic condition

. The velocity of sound in water is 1400 m/s. The density
of water is 1000 kg/mg . The bulk modulus of elasticity
is :

(@) 5x10" N/m?
(c) 4x10° N/m?

. The ratio of speed of ultrasonic wave and sound wave
is :

@@ =1
(c) <1

(b) 1.96 x 10° N/m?
(d) none of these

(b) >1
(d) >1

10.

11.

12,

13.

14.

15.

16.

17.

The sound of lightning flash is heard 3 second after the
flash is seen. The distance of the lightning is 1020 metre.
The speed of sound is :
(a) 1400 m/s

(c) 340 m/s

The speed of sound in air is 340 m/s, while in water is
1445 m/s. If the wavelength of sound in water is 8.5 cm,
the wavelength of sound in air is:

(b) 332 m/s
(d) none of these

(@) 2cm  (b) 45cm (c) 55 cm (d) 85 cm

At which temperature, velocity of sound at 27°C doubles ?
(a) 54°C (b) 327°C

(c) 927°C (d) -123°C

Calculate the speed of sound in oxygen at 0°C and 1 atm.
(Bulk modulus of elasticity of O, is 1.41 x 10° Pa and
density is 1.43 kg/m®) :
(@) 300 m/s
(c) 314 m/s
Consider the following statements :

(b) 340 m/s
(d) none of these

Assertion (A): Due to variation of pressure, speed of

sound does not change.

Reason (R) : The variation of pressure is proportional

to variation of density.

(@) Both A and R are correct and R is the correct
explanation of A

(b) R is the wrong explanation of A

(c) Both A and R are wrong

(d) A is wrong but R is correct

An astronaut can not hear his companion’s sound at the

surface of moon because :

(a) produced frequencies are above the audio frequency

(b) sound wave does not propagate through vacuum

(c) temperature is too low during night and high during
day

(d) none of the above

The speed of sound in air is 333 m/s. The fundamental

frequency of the open pipe is 333 Hz. The second

overtone of the open organ pipe can be produced with a

pipe of length :

@ 05m (b)) 1m () 1.5 m (d) 2m

Velocity of sound waves in air is 330 m/s. For a

particular sound in air, a path difference of 40 cm is

equivalent to a phase difference of 1.6 . The frequency

of this wave is:

(a) 165 Hz

{c) 660 Hz

(b) 150 Hz
(d) 330 Hz
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Which one is not produced by sound waves in air ?

(a) Polarisation (b) Diffraction

(c) Refraction (d) Reflection

If y; =asin ot and y, =a cos wt

the resultant amplitude due to superposition of both
equations is:
(@) V24

(c) 2a

The ratio of amplitudes at distances r and 3 from a point
source is:

(@ 3:1 (b) 3:2

(c)1:3 (d) 2:3

The intensity for loudness 20 dB is:

(a) 10 watt/m? () 1071 watt/m?

(c) 10'% watt/m? (d) none of these

If two sources of loudness 20 dB is combined, the
resultant loudness is :

(a) 23 dB (b) 30 dB

(c) 40dB (d) 10dB

If intensity of sound wave is increased nine times, then

by what factor the pressure amplitude of the wave is
increased ?

@ 3
(@ 9

(b) a
(d) none of these

() 6
(d) V3

‘If the temperature increases, then what happens to the

frequency of the sound produced by the organ pipe ?
(a) Increases (b) Decreases

(c) Remains unchanged (d) None of these

An open organ pipe has fundamental frequency of
300 Hz. The length of pipe is:

(speed of sound = 330 m/s)

(a) 10 cm (b) 20 cm

(c) 55 cm (d) none of these

In the open organ pipe, the fundamental frequency is
30 Hz. If the organ pipe is closed, then the fundamental
frequency will be :

(a) 10 Hz (b) 20 Hz

(c) 30 Hz (d) 15 Hz

Two open organ pipes of length 50 cm and 50.5 cm
produce 0.3 beats/sec then the velocity of sound is:

(a) 300 m/s (b) 30 m/s

(c) 303 m/s (d) none of these

The air column in a pipe which is closed at one end will
be in resonance with a vibrating tuning fork at a
frequency 260 Hz, if the length of the air column is:

(a) 31.73 cm (b) 62.5 cm

(c) 35.75 cm (d) 125 cm

In closed end organ pipe, the frequency of first harmonic is
300 Hz. The frequency of third overtone is :

(a) 900 Hz (b) 2100 Hz

(c) 1500 Hz (d) none of these

The air column in a closed end organ pipe is vibrating
in second overtone. The frequency of vibration is 440 Hz.
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The speed of sound in air is 330 m/s. The length of air
column is:
16

(b) 2m

15
(@) 1gm 15

(©) %m (d) none of these

The musical interval between two tones of frequency
400 Hz and 200 Hz is :
@ 2

©1

A cylindrical resonance tube, open at both ends, has a
fundamental frequency, F in air. If half of the length is
dipped vertically in water, the fundamental frequency of
the air column will be :

(b) 200
(d) none of these

@ % ®) F
© (d) 2F

The walls of the hall built for music concerts should :
(a) amplify sound (b) transit sound
(c) reflect sound (d) absorb sound

When a tuning fork vibrates, the waves produced in the
stem are :

(a) longitudinal
(c) both (a) and (b)
Tuning forks A and B produce two beats in the time
interval of 0.4 second. The beats frequency is :

(a) 5Hz (b) 8 Hz

(c) 10 Hz (d) 6 Hz

A tuning fork of frequency 100 Hz when sounded
together with another tuning fork of unknown frequency
produces 2 beats-per second. On loading the tuning fork
whose frequency is not known and sounded together
with a tuning fork of frequency 100 Hz produces one
beat, then the frequency of the other tuning fork is:

(a) 102 (b) 98

(c) 99 (d) 101

A tuning fork and sonometer wire were sounded
together and produce 4 beats per second. When the
length of sonometer wire is 95 cm or 100 cm, the
frequency of the tuning fork is:

(a) 156 Hz (b) 152 Hz

{(c) 148 Hz (d) 160 Hz

Two tuning forks A and B vibrating simultaneously
produce 5 beats. Frequency of B is 512. It is seen that if
one arm of A is filed, then the number of beats increases.
Frequency of A will be:

(a) 502 (b) 507 (c) 517 (d) 522

A tuning fork of frequency 480 Hz, produces 10 beats per
second when sounded with a vibrating sonometer string.
What must have been the frequency of the string if a
slight increase in tension produces fewer beats per
second than before ?
(a) 460 Hz

(c) 480 Hz

(b) transverse
(d) none of these

(b) 470 Hz
(d) 490 Hz
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An unknown frequency x produces 8 beats per second
with a frequency of 250 Hz and 12 beats with 270 Hz
source then x is:

(a) 258 Hz (b) 242 Hz

(c) 262 Hz (d) 282 Hz

Two tuning forks have frequencies 450 Hz and 454 Hz
respectively. On sounding these forks together, the time
interval between successive maximum intensities will
be :

1

(@) %sec (b) 5 sec
(c) 1sec " (d) 2 sec

A source of sound is travelling with a wvelocity
40 km/hour towards stationary observer and emits
sound of frequency 2000 Hz. If velocity of sound is
1220 km/hour, then what is the apparent frequency
heard by the obese,ver ?

(a) 2210 Hz (b) 1920 Iiz

(c) 2068 Hz (d) 2086 Hz

A source of sound is travelling towards a stationary
observer. The frequency of sound is #j. The frequency

5n
heard by observer is TO- The ratio of speed of sound and

the speed of source is:

(@ 1:5 (b) 1:4

() 1:3 (d) 1:2

A source of frequency 150 Hz is moving in the direction

‘of a person with a velocity of 110 m/s. The frequency

heard by the person will be (speed of sound in medium
= 330 m/s)

(a). 225 Hz (b) 200 Hz

(c) 15 Hz (d) 100 Hz

A whistle sends out 256 waves in a second. If the whistle
approaches the observer with velocity % of the velocity

of sound in air, the number of waves per second will be
received by the observer, is :

(a) 384 (b) 192

(c) 300 (d) 200

A source of sound of frequency 450 cycles/s is moving

towards a stationary observer with speed 34 m/s. If the
speed of sound is 340°'m/s, then the apparent frequency
will be:

(a) 410 cycle/s (b) 500 cycle/s

(c) 550 cycle/s (d) 450 cycle/s

An observer is watching two vehicles moving with same
velocity 4 m/s. The former is approaching towards the
observer while the later receding. If the frequency of the
siren of the vehicle is 240 Hz and velocity of sound in
air is 320 m/s, then the beats produced is :

(@ 6 (b) 3

(c) zero (d) 12

48.

49.

50.

51.

52.

53.

54.
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An object producing a pitch of 1200 Hz is moving with

a velocity of 40 m/s towards a stationary person. The

velocity of sound is 350 m/s. The frequency of sound

heard by stationary person is :

(a) 700 Hz (b) 1400 Hz

(c) 1050 Hz (d) 1250 Hz

Two .passenger trains moving with a speed of

108 km/hour cross each other. One of them blows a

whistle whose frequency is 750 Hz. If speed of sound is

300 m/s, then passengers sitting in the other train, after

trains cross each other, will hear sound whose frequency

will be:

(a) 900 Hz (o) 625 Hz

(c) 750 Hz (d) 800 Hz

A source of sound emitting a note of frequency 200 Hz

moves towards an observer with a velocity v equal to the

velocity of sound. If the observer also moves away from

the source with the same velocity v, the apparent

frequency heard by the observer is:

(a) 50 Hz (b) 100 Hz

(c) 150 Hz (d) 200 Hz

A source of sound is travelling towards a stationary

observer. The frequency of sound heard by the observer

is of the three times of the original frequency. The

velocity of sound is v m/s. The speed of source will be :
2

b, ®) v
3
(©) 5v (d) 3v

Suppose that the speed of sound in air at a given
temperature is 400 m/s. An engine blows a whistle at
1200 Hz frequency. It is approaching an observer at the
speed of 100 m/s. The apparent frequency as heard by
the observer will be :

(a) 600 Hz (b) 1200 Hz

(c) 1500 Hz (d) 1600 Hz

A star radiates radiation of wavelength A and it is
receding from the earth with a speed vj. The speed of

light is cp. The shift in spectral line is :

2
Yo Yo
a) —A— b) —A—
@ ~hg ORLS
2
U
() o A (d) none of these

The frequency of a radar is 780 MHz. The frequency of
the reflected wave from aeroplane is increased by
2.6 kHz. The velocity of the aeroplane is:

(@) 2km/s

(b) 1 km/s

(c) 0.5 km/s

(d) 0.25 m/s

o laiud o Lo e e e e L Ll el e o
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Level-2

. Mark correct option(s) :

(a) In gas sound wave is always longitudinal wave

(b) In liquid, sound wave is always transverse wave

(c) In solid, sound waves may be transverse wave
motion

(d) In solid, sound waves may be longitudinal wave
motion

. A Physicist points out that glass is rarer than water :

(a) This statement is correct in the case of sound

(b) This statement is always wrong

(c) This statement is correct in the case of light

(d) This statement is always correct

. When height increases, velocity of sound decreases :

(a) this is due to decrease of pressure

(b) this is due to decrease in temperature

(c) this is due to both decrease in temperature and
pressure

(d) statement is wrong

. The velocity of sound is not affected by change in:

(a) temperature (b) medium

(c) pressure (d) wavelength

. A 40 cm long brass rod is dropped, one end first on to a
hard floor but it is caught before it topples over. With an
oscilloscope it is determined that the impact produces a
3 kHz tone. What is the speed of sound in brass ?

(a) 1200 m/s (b) 2400 m/s

(c) 3600 m/s (d) 3000 m/s

5. 1f copper has modulus of rigidity 4 x 101 N/m? and Bulk
modulus 1.2 x 10" N/m? and density 9g/cm3, then the
velocity of longitudinal wave, when set-up in solid
coppet, is :

(a) 4389 m/s (b) 5000 m/s

(c) 4000 m/s (d) 4300 m/s

. A piezo electric quartz plate of Young’s modulus of
elasticity 8 x 10" N/m? and density 2.65 x 10 l<g/m3 is
vibrating in resonant condition. The fundamental
frequency of vibrating is 550 kHz. What is thickness of
the plate ?

(a) 0.05 cm (b) 0.5 cm

(c) 1.25 cm (d) 0.55 ecm

. The value of adiabatic constant y for oxygen and nitrogen
is same. The speed of sound in oxygen is 470 m/s at STP.
The speed of sound in nitrogen at STP. is:

(a) 340 m/s (b) 580 m/s

(c) 502 m/s (d) none of these

. The speed of sound in air at 27°C is 340 m/s in rainy
season, it is found that sound travels 660 m in two
second in a given season.

Assume that no variation takes place in density of air
due to variation of season. The season on the basis of
temperature is :

(a) winter

10.

11.

12,

13,

14.

15.

16.

17.

18.
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(b) summer
(c) may be summer or winter
(d) all of the above
At STP, the speed of sound in hydrogen is 1324 m/s then
the speed of sound in air is :
(a) 331 m/s (b) 220 m/s
(c) 340 m/s (d) 230 m/s
If the speed of sound is changed by 1 per cent, how
much must the temperature of air near 0°C be changed ?
(a) 5°C (b) 6°C
(c) 5.5°C (d) 6.5°C
If the speed of sound wave in a stretched string is v and
Hooke’s law is obeyed, then the extenion in string is x.
The extension in the string if the speed of sound wave
will become 1.22v, is:
(@) 1.5x (b) 1x
(c) 0.5x (d) 2x
A boy watches a jet plane flying from north to south.
When the jet is just seen above his head, the sound of jet
appears to reach him making some angle with horizontal
from north. If the velocity of sound is v, and velocity of
jet is v/2, then the angle is:
(a) 60° (b) 30°
(c) 45° (d) 15°
If a stone is dropped into a lake from a tower, the sound
of splash is heard by a man after 11.5 s, then what is the
height of tower ?
(a) 1000 m (b) 100 m
(c) 500 m (d) 150 m
A light pointer fixed to one prong of a tuning fork
touches a vertical plate. The fork is set vibrating at a
frequency of 56 Hz and allowed to free fall. How many
complete oscillations are counted when plate falls at
10 cm?
(@) 10 (b) 9
(©) 8 (d) 7
The equation of a sound wave in air is

P=0.01 cos (1000 — 3x)
where P, x and ¢ are in SI. The bulk modulus of elasticity

is 1.4 x 10° N/m?. The displacement amplitude is :

(a) 0.24 m (b) 0.24%x107 m

(c) 8x107 m (d) 10 m

A sound wave of pressure amplitude 14 pascal propagates
through the air medium. The ncrmal pressure of air is

1.0x 10° N/m?%. The difference between maximum and
minimum pressure in the medium is :

(a) 5x10° N/m? (b) 10x 10° N/m?
(c) 10 N/m? (d) none of these

Choose the correct statement with respect to the plane
harmonic sound wave:
(@) The excess pressure (P) is ahead of displacement in

phase by g
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(b) The excess pressure (P) is
displacement in phase by n/2

(c) The excess pressure and displacement are in the
phase

(d) The excess pressure and displacement are out of the
phase

lagging behind

A sound wave has a frequency of 100 Hz and pressure
amplitude of 10 Pa, then the displacement amplitude is :
(Given speed of sound in air =340 m/s and density of air
=129 kg/m’)

(a) 3.63x10°m (b) 3x10°m

(c) 42x10°m (d) 64x10° m

The equation of a transverse wave is

Zz=asmn {mt—fl_f (x+y)}
The equation of ~.avetront is:
(a) x=constant (b) y=rconstant
() x+y=constant (d) v —x=constant
In above problem, the direcuon of propagation of wave
with the x-axis is:
(a) 135°
(c) 90°
The displacement wave is given by y=A sin (ot — kx).
The wave is reflected by rigid surface situated at x=0.
The intensity of reflected wave is 0.16 times that of the
incident wave. The corresponding equation of reflected
wave is :
(a) y=-0.4A cos (0x - kx)
(b) y=-0.4A sin (0t + kx)
() y=0.4A sin (0f + kx)
(d) none of the above

(b) 45°

(d) none of these

When a wave is propagated from rarer medium to
denser medium, which of the following will remain
unchanged ?
(a) Wave speed
(c) Frequency

(b) Propagation constant

(d) None of the above

In passing through a boundary, refraction will not take
place, if

(a) the index of refraction of the two media are same
(b) the boundary is not visible

(c) angle of incidence is lesser than angle of refraction

Sil’\—1 Hr

but greater than
Hp

(d) all the above

Lissajous figure obtained by combining
x=a sin ©f

s

|, willbe :

and y=asm (.ot+4

(b) a straight line
(d) a parabola

(a) an ellipse
(c) a circle

According to classical electromagnetic theory, an

2

accelerated electron radiates energy at tie rate L
e
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where k=6 x 10° Nm?/C?, 4 = instantaneous acceleration,
c =speed of light

If an electron is oscillating along a straight line with
frequency fy and amplitude A, how much energy would
it radiate away during one cycle? Assume that the
motion is described adequately by x = A sin 2= fyf during
any one cycle:

2 2
(@ Ac%ez (b) sr? A

2A2k82 22
o= @ 7

A small speaker has a capacity of power 3 watt. A
microphone is placed at distance 2 m from the speaker.
The displacement amplitude of particles of air near the
microphone if the frequency of sound emitted by speaker
is 1.0 kHz, is : (Density of air =1.2 kg/m" and speed of
sound in air =330 m/s)

(@) 276 x 10" *cm (b) 4x10 *cm

(c) 10x10 4cm (d) 3.8x107° cm

From a height of 2 m, a drop of water of radius

2x10° m fall and produces a sound. The sound
produced can be heard upto a distance of 20 metre. If the
gravitational energy is converted into sound energy in
0.5 s, then the intensity at a distance of 20 m is:

() 2x 107 W/m? (b) 2.6 x 107 W/m?

(c) 2.6x 1077 W/m? (d) 3x107 W/m?

The difference of sound level between two points is 30
decibel. The ratio of pressure amplitude between points is :
(@) 10 (b) 20

c) 30 (d) 32

If the sound emitted by a point source reaches a
particular position with an intensity I, then the change
in intensity level at that position if N such sources are
placed together, is:

(@) logN (b) 2log N

(c) 10log N (d) 12log N

For audible sound, the time interval between two words
should be:
(@) 0.1s
(c) 04s
Which of the following represents loudness versus
intensity of sound graph ?

(a)

r TU
e P

(d)

(c)
T A
|
- L
| —p

(b) 0.2 s
(d) none of these
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Beats are the result of :

(a) diffraction

(b) destructive interference

(c) constructive and destructive interference

(d) superposition of two waves of nearly equal
frequencies

Mark correct option or options :

(@) Any function y(x,t)=f(wt+kx) repre- sents a

progressive wave

(b) The stationary wave on a string under tension fixed
at end does not have well defined nodes

(c) The phenomenon of beats is not observed in the case
of visible light waves

(d) All of the above

Beat phenomenon is physically meaningful only, if :
(@) loj—wy ] >> o]+,
(b) loj-—wy| << o] + oy

© 217
)
W

(O]
d) lo+wy! >—
(d) 1oy +wy o,

A tuning rork A of frequency 512 Hz produces 4 beats
per second when sounded with a tuning fork B. Due to
filing of the prongs of the tuning fork B, the number of
the beats per second becomes 6. The actual frequency of
Bis:

(a) 516 Hz
(c) 512 Hz
A tuning fork A of frequency 260 c/s produces 4 beats
per second with tuning fork B. When the tuning fork A
is loaded with wax, then the number of beats produced
per second becomes 3. Then what is the frequency of
tuning fork B?

(a) 264 (b) 263

(c) 256 (d) 260

If beat frequency is 3.2 Hz, then:

(a) in 5 second, only four beats will be heard

(b) in 3" second, only three beats will be heard

(c) in first second only three beats will be heard

(d) all the above

When temperature of air is 20°C, a tuning fork sounded
over the open end of an air column produces 4 beats per
second, the tuning fork given a lower note. If the
frequency of tuning fork is 34 Hz, then how many beats
will be produced by the tuning fork if temperature falls
to 5°C?

(a) 2 beat/sec (b) 4 beat/sec

(c) 1 beat/sec (d) 3 beat/sec

In the given intencity time graph !

[hmin

13 1/2 2/2 1 4/3 32568 2

(b) 508 Hz
(d) none of these
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42,

43.

44.

45,

46.

47.

245

(a) the beat frequency is 2

(b) the beat frequency is not determined by this graph

(c) the beat frequency may be 2

(d) sources of wave must be same

Two wires A and B of same length, radius and same

material are in unison. If tension in A is increased by 4%,

4 beats are heard, then the frequency of the note

produced when they were in unison, will be :

(a) 50 Hz (b) 100 Hz

(c) 150 Hz (d) 200 Hz

If two tuning forks side by side are vibrating at 225 and

257 Hz, then their combined effect would be :

(a) that of middle octave

(b) that of one of tuning fork

(c) that of middle C

(d) 256 vibration per second

Two sound waves of length 1 m and 1.01 m in a gas

produce 10 beats in 3 s. The velocity of sound in gas is:

(@) 360 m/s (b) 300 m/s

(c) 337 m/s (d) 330 m/s

The fundamental frequency of a closed organ pipe is

equal to second overtone of an open organ pipe..If the

length. of closed organ pipe is 15 cm, the length of open

organ pipe is:

(@) 90 cm (b) 30 cm

(¢) 15 cm (d) 20 cm

In the case of closed end organ pipe :

(a) the maximum possible wavelength is same as that of
open end organ pipe

(b) the maximum possible wavelength is less than that
of open end organ pipe

(c) the maximum possible wavelength may be less than
that of open end organ pipe

(d) the maximum possible wavelength is greater than
that of open end organ pipe

An organ pipe closed at one end resonates with a tuning

fork of frequencies 180 Hz and 300 Hz. It will also

resonate with tuning fork of frequencies :

(a) 360 Hz (b) 420 Hz

(c) 480 Hz (d) 540 Hz

Figures shows the vibrations of four air columns. The

ratio of frequencies n,:n,: 1, : 1 is:
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. (c) 100 cm
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(@ 12:6:3:4 (b) 1:2:4:3
(c) 4:2:3:1 (d) 4:3:2:1
In the case of standing waves in organ pipe, the value of

:i—: at the open end is:
(@) >0

(c) =0

Two organ pipes are emitting their fundamental notes.
When each closed at end, give 5 beats per sec. If their
fundamental frequencies are 250 Hz and 255 Hz, then the
ratio of their lengths is :

(b) <0
(d) none of these

49 49
(@) &5 (b) 2
50 ' 51
© < @ 55

In the case of vibration of closed end organ pipe in
fundamental mode of vibration, the pressure is
maximum at :

(b) closed end
(d) none of these

(a) open end
(c) at middle
An air column in a pipe which is closed at one end will
be in resonance with a vibrating tuning fork of frequency
264 Hz if the length of the air column in cm is:

(Speed of sound in air =340 m/s)

(@) 32.19 cm (b) 64.39 cm

(d) 140 cm

At the temperature of 27°C, the length of the organ pipe
is 30 cm. What should be the change in the length
required, if the temperature falls to 7°C but frequency
remains unchanged ?
(a) Decreased by 1 cm
(c) Decreased by 2 cm

(b) Increased by 1 cm

(d) Iecreased by 2 cm

A closed organ pipe and an open pipe of the same length
produce 4 beats when they are set into vibrations
simultaneously. If the length of each of them were twice
their initial lengths, the number of beats produced will
be :

(@) 2 (b) 4

(¢) 1 (d) 8

A tube with both ends closed has same set of natural
frequency as:

(a) one end closed organ pipe

(b) both end open organ pipe

(c) vibratory string fixed at both ends

(d) vibratory string fixed at one end

In organ pipe reflection does not take place exactly at
open end due to:

(@) finite momentum of air molecules

(b) finite weight of air molecules

(c) finite elasticity of air molecules

(d) finite elasticity of organ pipe

A metal rod of length 1.5 m is clamped at the centre.
When it is set with longitudinal vibrations it emits a note
of 1000 Hz. Determine the Young’s modulus if the
density of material =8 x 10° kg/m? 3

57.
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(@) 7x10'° N/m? (b) 7.2x10'° N/m?

(©) 0.7x 109 N/m? (d) 6.8x10'" N/m?

The frequency of a note next higher to fundamental as
given by a rod of an alloy 1 meter long and clamped at
its: mid point is 1000. If the density of rod is

7500 kg/m®, its Young’s modulus is :
(a) =% 10" N/m? ) %x 10'° N/m?

2

(c) 3% 10'9 N/m? L

(d) 5x 10" N/m?

A metallic rod of length one metre is rigidly clamped at
its mid-point. Longitudinal stationary waves are set-up
in the rod in such a way that there are two nodes on
either side of the mid-point, then:

(a) wavelength of wave is 0.4 m

(b) the standard form of the equation of stationary wave
is y = A cos kx sin wt

(c) the standard form of the equation of stationary wave
is y = A sin kx cos ot

(d) both (a) and (b) are correct

A whistle gives a note when sounded at temperature
18°C. What must be the temperature, so that it gives a
note of 9/8 of first frequency ?

(a) 25°C (b) 50°C

(c) 60°C (d) 95.3°C

A long tube of length =25 cm and —— Air
diameter equal to 2 cm is taken and — *

at its mouth air is blown as shown in

figure. The sound emitted by tube

will have all the frequencies of the

group : (velocity of sound =330 m/s)

(a) 660, 1320, 1980 Hz  (b) 660, 1000, 3300 Hz

(c) 302, 684, 1320 Hz (d) 330, 990, 1690 Hz

A1. ), and A3 are the wavelength of the waves giving
resonance in the fundamental, first and second overtones
respectively. Within a pipe closed at one end, the ratio of
the wavelengths is :

(@ 1:2:3 (b) 5:3:1
11 k0
(C)1:§:§ (d)1.3.5

The equation of a stationary wave in a metal rod is given
by y=0.002 sin%sin 1000t where x is in cm and ¢ is in

second. The maximum tensile stress at a point x=2 cm:
(Young’s modulus Y of material of rod =8x 10
dyne/square cm) will be

(a) %x 10® dyne/square cm

®) 4Tnx 10® dyne/square cm

(c) UL x 108 dyne/square cm
3 y q

(d) —2315 x 10® dyne/square cm
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63.

64.

65.

66.

67.

68.

69.

Two boats are floating on a pond in the same direction
with the same speed v. Each boat sends a signal to the
other through water. The frequencies f; of the generated
signals are the same. Then: (Speeds of boats are lesser
than speed of sound)

(@) the time of journey of both signals are same

(b) the wavelengths are same

(c) the frequencies received by the boats are same

(d) none of the above

A source of sound whose frequency is ng, is moving with
a speed v (v < ¢). The waves travel to a fixed obstacle and
reflected by the obstacle and are registered by a receiver
that moves together with the source. What frequency is
registered by the receiver if the speed of sound in the
medium is ¢ ?

142 l—lc)-

@ |— [no ) |— [no
1-— 1+
c c

(©) (d) None of these

‘c—v =
C 0

Two sources A and B are sounding notes of frequency
680 Hz. A listener moves from A to B with a constant
velocity u. If the speed of sound is 340 m/s, what must
be the value of u, so that he hears 10 beats per second ?
(a) 2m/s (b) 25 m/s

(c) 3m/s (d) 3.5 m/s

The apparent frequency is f; when a source of sound
approches a stationary observer with a speed u and f;

when the observer approches the stationary source with
same speed. If v is the velocity of sound, then:

@ f=f
®) i>frifu<v

(c) relation between 11 and f, cannot be predicted

d) oi>frifu<v

A source at rest sends waves of constant wavelength. A
wall moves towards the source with a velocity 33 m/s.
The velocity of sound in the medium is 330 m/s. What
is the percentage change in wavelength of sound after
reflection from the wall?

(a) 0.1% (b) 2%

(©) 9.1% (d) 1%

A locomotive engine approaches a railway station and
whistles at a frequency of 400 Hz. A stationary observer
on the platform observes a change of 40 Hz as the engine
passes across him. If the velocity of sound is 330 m/s,
the speed of the engine is

(a) 33 m/s (b) 18 m/s

(c) 165 m/s (d) 24 m/s

Two trains, one moving at a speed of 30 mile/hour and
other at 60 mile/hour, approaching each other. When a
faster train blows a whistle, the apparent frequency of
the note heard by an observer at rest behind the faster
train is 1852 Hz. The frequency of note produced by

70.

71.

* 73.
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faster train is : (Assume speed of sound to be 1100 ft/s)
(@) 2000 vib/s (b) 1500 vib/s

(c) 1000 vib/s (d) 2500 vib/s

A disc of radius R is rotating uniformly with angular
frequency ®. A source of sound is fixed to the rim of the
disc. The ratio of maximum and minimum frequencies
heard by stationary observer, far away from the disc and
in the plane of the discis : (Given: v=speed of sound)

v v
(a) {U—Rm} (®) .v+Rm]
v— RO v+ Ro
© (v+Rm) (d) __v—Rcu'

A boy with a radio, playing a music at a frequency ‘f’ is
moving towards a wall with velocity v,. A motorist is
following the boy with a speed v, The expression for

the beat frequency heard by the motorist., if the speed of
sound is v, is:

U+ Uy v+,
(@) (v+vbjf ®) v—vbf
2v, (v +vy,) 2v,, (v + vp)
o=t W Ui d =t
© v -vj, “ Ca 4

. A source of sound S having

frequency of  generated

sound 300 Hz is moving in a /_'{_ -
circle of radius 2m with L
angular speed 10/m rps. A

detector D in the plane of the

circle is at a distance of 30 m 1A

from the centre. The speed of
sound in air is 300 m/s,
then :

(a) the maximum frequency

(S i <

detected at D will be jﬂf

340 Hz VT
(b) the minimum frequency o

detected at D will be ;’J

280 Hz
(c) the average frequency of listening the frequency 300

20
Hz is 7 Per second

(d) the source reaches A when maximum frequency is
detected at D

A boy is sitting on a swing and blowing a whistle at a

frequency of 1000 Hz. The swing is moving to an angle

of 30° from vertical. The boy is at 2 m from the point of

SN

Girl
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support of swing and a girl stands infront of swing. Then
the maximum frequency she will hear, is :
(Given: velocity of sound =330 m/s)

Sound Wave

(b) 222 s
(d) 18 s

(@) 2164 s
(c) 185 s

76. The graph between distance between source and
(a) 1000 Hz (b) 1001 Hz observer and apparent frequency in the case of Doppler’s
(c) 1007 Hz (d) 1011 Hz effect will be :
74. There is a road between two parallel rows of buildings
and distance between the rows of buildings is 106 m. The () (b)
velocity of car if a car blows a horn whose echo is heard |
by the driver after 1s, is: S S
(Given: speed of sound =340 m/s) g
(a) 180 m/s (b) 165 m/s =
(c) 323 m/s (d) 150 m/s
75. Bullets are fired at regular interval of 20 s from a car A, (©) (d)
moving with 54 km/h towards a car, B which is
approaching A with 30 km/h. If the speed of sound is S =
330 m/s and that of wind is 10 m/s along BA, then the
firing interval observed by a person in the car B is:
n n—p
Answers
Level-1
1. (a) 2. (b) 3. (a) 4. (d) 5. (b) 6. (a) 7. (@d) 8. (b) 9. (a) 10. (o)
11. (a) 12. (o) 13. (c) 14. (a) 15. (b) 16. (a) 17. (c) 18. (a) 19. (a) 20. (a)
21. (b) 22. (a) 23. (a) 24. (a) 25. (o) 26. (d) 27. (b) 28. (a) 29. (b) 30. (a)
31. (a) 32. (b) 33. (d) 34. (a) 35. (a) 36. (a) 37. (a) 38. (d) 39. (b) 40. (a)
41. (a) 42. (o) 43. (a) 4. (a) 45. (a) 46. (b) 47. (a) 48. (b) 49. (b) 50. ()
51. (a) 52. (d) 53. (a) 54. (o)
Level-2
1. (d) 2. (@ 3. (b) 4. (o) 5. (b 6. (a) 7. (b) 8. (0 9. (a) 10. (a)
11. (o) 12. (a) 13. (a) 14. (o) 15. (c) 16. (b) 17. () 18. (a) 19. (a) 20. (o)
21. (b) 22. (b) 23. (o) 24. (d) 25. (a) 26. (b) 27. (a) 28. (o) 29. (d) 30. (o)
31. (a) 32, (a) 33. (d) 34. (d) 35. (b) 36. (a) 37. (o) 38. (a) 39. (d) 40. (a)
41. (d) 42. (o) 43. (o) 4. (a) 45. (a) 46. (b) 47. (b) 48. ()  49. (d) 50. (b)
51. (a) 52. (a) 53. (a) 54. (b) 55. (a) 56. (b) 57. (a) 58. (d) 59. (d) 60. (a)
61. (d) 62. (o) 63. (o) 64. (a) 65. (b) 66. (d) 67. () 68. (o) 69. (a) 70. (d)
71. (o) 72. (o) 73. (c) 74. (o) 75. (c) 76. (d)
Solutions
Level-1
4. CHy is the lightest. 10. Speed = Dl;::\réce
75\
5. c= N|— 1020
P e 340 m/s
— ol
‘ e 11. Frequency does not change due to change of medium.
8. c=Y (B'] a =f;‘1
P) and =k
g b _o
=1000 x (1400)* Moo
- 7
=196 x 10 A =(1344405)x8'5=2m
=1.96x10° N/m?
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Heat, Temperature and Calorimetry

Review of Concepts

1. Conversion of temperature reading from one scale to

another.

C F-32 K-273 R R,-492
5 9 5 4 9
Here, C =reading in centigrade,
F = reading in Fahrenheit,
R = reading in Reaumur,
K = reading in Kelvin,
R, = reading in Rankin

2. Linear expansion:

@) L=l [1+at;-H)]

(b) The value of ‘e’ does not depends upon initial and
the final length of the solid.

(c) The value of ‘e’ slightly depends upon initial and
final temperature of the solid.

(d) The value of ‘0" may be negative .

(e) The value of ‘e’ depends upon the unit chosen.
In the given formula :

I; = length at #;°C, I, = length at t,°C

The given formula is applicable only for the small
range of temperature.
For the large range of temperature.

ly=lo(1+at +b2 +...)
(f) Percentage change in length, % Al =100 o At
(g) If a scale gives correct reading Iy at #£°C, when
temperature changes to #,°C, such that t;>t;, the
length of scale increases.
Hence, it gives reading lesser than true value.
True value = scale reading [(1 + o (f; — #7)]
(h) In the case of pendulum, due to variation of

temperature, the length of pendulum changes, hence,
time period changes.

r-a (1)

T_\/[’__lg__]

T,” k&
(i) If time period is correct.
Then Tl -2 T2

Syllabus: Thermal expansion of solids and liquids and their specific heats.

l2gl=1132 (l)
But 12 = 11 [(1 +a(ty — tl)]
‘Hence, h={1+at,-t)Ig1=1g [From (i)]

=51 [1+a(t-4)]

When ‘g’ remains constant, then

Jz\/.{h [(1+ 0t 1]

!'/

Zz.\/Li_z

T: | L I J
T
or T_Z =[1+o(t - tl)]l/2
T 1
Fl =1+ 2 a At
where At =t, — t; = change in temperature.

If At is change in time and 1 is the total time
At=1 IZ—1 =1 1+laAt—1‘
T 7 2
A‘r—laAt‘r
= :

If At is positive, the watch becomes slow.
If At is negative, the watch becomes fast.
() When rod is rigidly fixed, thermal strain

72z

RN,

Al:laAt

l l
=o At
Thermal stress = Yo At

Thermal force = stress x area = YAa At

(k) When rod is not fixed; thermal strain is zero.

() If there is a hole A in a plate C, the area of the hole
increases due to heating. The expansion in solid is
independent of the presence of hole.

(m)If the difference of lengths of two rods of different
materials are same at all temperatures then

11 (5]

12 B ay
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(n) The range of temperature, t £ At
I=length at +°C

Al=1o At
Ap=lL
la

(o) Variation of moment of inertia with temperature :
I= 10 a+ Olt)

or 2= 102 1+at? or mP= mlo2 1+ o?t% + 2af)
o?t? are very small, so, it can be neglected
mP=mlg? (1+2af) or kml*=kml? (1 +204)

where k is a numerical constant

but kml“=MI att°C=1
and kml5=M1I. at0°C =1,
I=Io(1+20d)

3. Superficial expansion :
A=A [1+B (12— 1)]
where A; = surface area at #,°C,
Aj; = surface area at £,°C

B = coefficient of superficial expansion

* For isotropic material, f =2a
* S.I unit of B is per kelvin.
4. Cubical expansion:

Va=Vi[1+7(t2- 1))
where, V3 = volume at £°C, V; = volume at #;°C,
Y= temperature coefficient of cubical expansion

* ST unit of v is per kelvin.
* For isotropic medium y=3c.
5. Variation of density with temperature :

p1=p2[1+Y(t2-t)]
where, p, = density at {;°C, p, = density at £,°C
6. Effect of temperature on upthrust:
= [11++Y;IAAT]
If y,>v, F'>F and if y, =1, F’=F’
where y, = ratio of specific heats of solid
¥, = ratio of specific heats of liquid

7. Expansion in liquid: Liquids have no definite shape.

So, only volume expansion is found in the case of liquid.

(a) Apparent expansion: The observed expansion is the
combined effect of expansion in container and the
expansion in liquid.

i.e., real expansion in liquid = apparent expansion in
liquid + expansion of container

or AV, =AV, +AV,
(b) Yr=YatM

Heat, Temperature and Calorimetry

Here v, = coefficient of real expansion of liquid,
Y. = coefficient of apparent expansion of liquid,
¥, = coefficient of expansion of container.
(c) If ¥, > vy, the level of liquid in container will rise due
to rise of temperature.
(d) If v,=7 the level of liquid in container remains
steady due to rise of temperature.
(e) If v, < v, the level of liquid in container will fall due
to rise of temperature.
(fy The expression for thrust on a body of volume V
dipped in a liquid of density p,

FE,=Fo[1+(Ys— ]
Here F; = thrust on the body at ¢°C,
Fy = thrust on the body at 0°C,

¥s = coefficient of volume expansion of solid,
¥, — coefficient of volume expansion of liquid.

(g) Since, ¥, <7, so, due to rise of temperature, thrust on
the body decreases.

(h) The coefficient of expansion of water at 4°C is zero.

8. Anomalous expansion of water:

(a) Some substances contract when heated over a certain
temperature range. The most common example is
water. The volume of water decreases as the
temperature is raised from 0°C to 4°C, at which
point, the volume is a minimum and the density is a

maximum (1000 kg/m®).

(b) Above 4°C, water expands with increasing
temperature like most substances.

(<) The anomalous behaviour of water arises due to the
fact that water has three types of molecules, viz,,
H,0, (H;0); and (H,O); having different volumes
per unit mass and at different temperatures their
properties in water are different.

9. Methods of measuring coefficient of expansion of

liquid:

(a) Weight thermometer or specific gravity
bottle.
_ mp—mp MY
-ty m
Here y= coefficient of real expansion of liquid
m1 = mass of experimental liquid in the K
bottle at #;°C. [
m, = mass of experimental liquid in the
bottle at #,°C.
¥, = coefficient of expansion of the bottle.

(b) Dulong and Petit's method: In this method, a
column of experimental liquid at #°C is balanced
against other column of the experimental liquid at
0°C by taking them in U-tube.

_h-hy
2=

Here
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(c) Sinker’s method: A body of

mass #in in air is dipped into ::j/t'C =
liquid at two different |- _ocC
temperatures. ==
Here 7= (mg — niy) — (n1g — n1p) ::;:: =
- (mp—m) (= ty) s 2 _:.:_T
o

Mg —my
i [mo ~n L

Here my = apparent weight of
body in the liquid at #,°C.

nty = apparent weight of liquid at #,°C.

7, = coefficient of volume expansion of the body.
10. Calorimetry:
(a) It is based upon conservation principle of energy.

heat lost = heat gained
(b) AH =msAO
(c) If n bodies of masses mj, my, ms, ..., n, at tempe-
ratures 01, 85, 83, ..., 8,, are mixed together provided

states of bodies do not change during mixing then

i M151 01+ 1138y 87 +... +m,, 5,0,

ny +np .+ Ny

where 6 = equilibrium temperature of the mixture.
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(d) The S.I. unit of heat energy is joule.
10. Debyer T law: Specific heat of a solid varies with

temperature. It is 3R at higher temperature and near absolule

zero C, o< 1)

11. Clausius clapeyron’s equation (or Latent heat

equation) representing change of M.P. or B.P. with pressure is

a1
dt " T (V,-Vy,

Relation among different units :
(i) 1 pound calorie =453.6 calorie
(ii) 1 British thermal unit =252 calorie
(iii) 1 calorie =4.2 joule..
(iv) 1 Therm =10° British thermal unit
(v) The relation between specific heat (s) and heat
capacity (C):
C=ms
(vi) Water equivalent (W) :
ms
e 4200
where W = water equivalent in kg.
(vii) Water equivalent in gram and heat capacity in
calorie per centigrade are numerically equal.
(viii) Latent heat =mL
(ix) During phase change, specific heat is infinity.

(In SI)

Level-1

. When a metal rod is heated it expands because :

(a) the size of its atoms increases

(b) the distance among its atoms increases

(c) atmospheric air rushes into it

(d) the actual cause is still unknown

. When rod is heated but prevented from expanding, the
stress is independent of :
(a) material of the rod
(c) length of rod

. Significant motion for the molecules of a monoatomic gas
corresponds to:
(a) translatory
(c) rotatory

(b) rise in temperature
(d) none of these

(b) vibratory

(d) none of these

. A sphere, a cube and disc all of the same material
quantity and volume are heated to 600°C and left in air.
Which of these will have the lowest rate of cooling ?

(a) Sphere (b) Cube

(c) Disc (d) All will have same rate
. Coefficient of cubical expansion of water is zero at:

(a) 0°C (b) 4°C

(c) 15.5°C (d) 100°C

. A bar of iron is 10 cm at 20°C, at 19°C it will be (o of
iron =11 x 10'6/°C) 2

10.

(@) 11x10™° cm longer

(b) 11x 107 ¢m shorter

(¢) 11x107° cm shorter

(d) 11x10~ cm longer

Amount of heat required to raise the temperature of a
body through 1 K is called its :

(a) water equivalent (b) thermal capacity

(c) entropy (d) specific heat

A pendulum clock keeps correct time at 20°C, the
correction to be made during summer per day where the
average temperature is 40°C (o= 1075/°C) will be::

@ 564s (b) 6.64 s

(c) 7.64 s (d) 8.64s

The coefficient of real expansion: of mercury is
038x1073/°C. If the density of Hg at 0°C is
13.6 x 10_3/°C, its density at 200°C will be:

(@) 13.3 g/cc (b) 13.2 g/cc

(c) 13.1 g/cc (d) 13.6 g/cc

Two metal strips that constitute a thermostate must
necessarily differ in their :

(a) masses

(b) lengths

(c) resistivities

(d) coefficients of linear expansion
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11.

12,

13.

14.

15.

16.

The standard fixed point for temperature measurement

is used these days is:

(a) melting point of ice at S.T.P.

(b) that temperature at which ice, water and water
vapour coexist

(c) that temperature at which pure ice and pure water
coexist

(d) none of the above

Water does not freeze at the bottom of the lakes in winter

because :

(a) ice is a good conductor of heat

(b) ice reflects heat and light

(c) of anomalous expansion of water between 4°C to
0°C

(d) nothing can be said

When the pressure on water is increased, the boiling

temperature of water 25 compared to 100°C will be :

(a) lower (b) the sa..e

(c) higher (d) or the critical temperature

The density of substance at 100°C is 7.25 g/cc and at

0°C is 7.5 g/cc, -coefficient of linear expansion is :

(a) 200Q (b) 201Q

(c) 204 Q (d) 19582

Which of the following carries anomalous expansion ?
(a) Mercury (b) Water

(c) Copper- (d) Sodium

17.

18.

19.

20.

(@) 111x107%/°C (b) 111x107°/°C .
() 111x107%/°C (d) 111x 1073/°C
On heating a liquid of coefficient of cubical expansion
o in a container having a coefficient of linear expansion
0./3, the level of the liquid in the container will :
(a) rise
(b) fall %
(c) remain almost stationary
(d) it is difficult to say
The specific heat of gas in an isothermal process is:
(@) zero (b) infinite
(c) negative (d) remains constant
Level-2
The temperature at which Centigrade thermometer and 5.
Kelvin thermometer gives the same reading, is:
(a) 4° (b) 273°
{(c) not possible (d) 0°
What is the change in the temperature on Fahrenheit
scale and on Kelvin scale, if a iron piece is heated from
30° to 90°C ?
(a) 108°F, 60K (b) 100°F 55K
(c) 100°F 65K (d) 60°F 108K
. What is the resistance of the wire at 30°C, if at 5°C, the
resistance of same wire is 200Q and at 10°C, the
resistance is 200.2Q ? 6.

Heat, Temperature and Calorimetry

Two spheres made of same substance have diameters in
the ratio 1 : 2, their thermal capacities are in the ratio of :
(@ 1:2 (b) 1:8

(c) 1:4 (d) 2:1

A thin copper wire of length [ increases in length by 1%
when heated from temperature T; to Tp. What is the
percentage change in area, when a thin copper plate
having,two dimensions is heated from T; to T, ?

(a) 1% (b) 3%

(c) 2% (d) 4%

The volume coefficient expansion of a metal whose linear
coefficient is 15 x 107%/°C, will be :

(@) 45x107°°C (b) 25x107°/°C

(c) 35x10™°/°C (d) 5x107°/°C

The coefficient of linear expansion of crystal in one
direction is o and that in every direction perpendicular
to it is op. The coefficient of cubical expansion is :

(@ og+0n (b) 204 + 0
(c) oy +20y (d) none of these

As the pressure on the gas is increased from 1 to 2
atmosphere, its heat capacity :

(a) decreases linearly

(b) increases linearly

(c) increases logarithmically

(d) is practically constant

Heat conducted through a rod of radius 1 cm and length
22 cm in five minutes, if the coefficient of conduction is
0.1 CGS unit when the ends are at 30°C and 100°C, is:
(a) 300 cal (b) 100 cal

(¢) 150 cal (d) 400 cal

Two thermometers are constructed in such a way that

one has a spherical bulb and the other has elongated

cylindrical bulb. The bulbs are made of same material

and thickness. Then:

(a) spherical bulb will
temperature changes

(b) cylindrical bulb will respond more quickly to
temperature changes.

(c) both bulbs will respond same to temperature
changes

(d) none of both bulbs respond to temperature changes

respond more quickly to

Mark correct option or options :

(a) Sun temperature is measured by radiation pyrometer

(b) Insect temperature is measured by thermocouple
thermometer

(c) Moon’s temperature is measured by berthometer

(d) All of the above
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7.

10.

11.

12,

13.

14.

The temperature of a point in space is given by

T=(x%+ y2 -25). A mosquito located at (1, 1, 2) desires to
fly in such a direction that it will get heat as soon as
possible. Then unit vector is :

24 24 14 2a 2A 14
(a)§1+§]—§l\' (b) —é'l—é']+§l-{
(<) %’1\—%?—%4& (d) none of these

A bird is flying at a speed of 5 m/s in the direction of
the vector 41 + 4)-2 . The temperature of the region is
given by T = Xyt

The rate of increase of temperature per unit time, at the
instant it passes through the point (1, 1, 2) is:

(@) % °C/s (b) 3°C/s

(c) 18°C/s (d) 4°C/s

At 30°C, the hole in a steel plate has diameter of 0.99970
cm. A cylinder of diameter exactly 1 cm at 30°C is to be
slide into the hole. To what temperature the plate must

be heated ? (Given : O eep=1.1X% 107 °C'1)

(a) 58°C (b) 55°C

(c) 57.3°C (d) 60°C

If same amount of heat is supplied to two identical
spheres (one is hollow and other is solid), then:

(a) the expa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>