Elasticity & Viscosity
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SECTION (A)

1. L= 4m
Y =9 x 1010
F A
A=-v!I

T
A

HINTS & SOLUTIONS

TOPIC : ELASTICITY & VISCOSITY
EXERCISE#1

1

F=AY £ =n(2x10-3)2x 9 x 10e x 100 =11 x 4 x 106 x 9 x 107= 360 1t N.

L ADV: LE
2. \_
Afwater: Lw
i W ,
w- 2 w1 P
wL I o DW} [ o ]

La {1‘3_\"} P La

LW = p = pW = LaiLw

Y/

y1 Y2 k1 k2
3 |

keq =ki+ ko

Y2A YA Y,A Y, +Y,

! = 1 + L = Y = 2

F /A FoYA
4 ML =y = A = £ =slope = Y & ¢ are same for all them

slope a A

FooA M
5 A=yl If Y £ & are constant

AL

F=AY { = Fo A = F’ = 4F
6 /8 =2m /s=1L

As =2 cmz As=1cm:

Als = Als

Fl Fl AYs 1 2xt0”

Ag Yg - As Ys = LzABYB Ls=§x2x‘10_ﬁx2=2

2 n
7. . =a 2

ﬁ

Y, —c

=b
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10.

11.

12.

13.

14.

15.

steel MYq

My
Y5
raYs
brass
2mlfiry
(3mg){,
Al = ArYs
(2mg)L,
A2 = AzY>
M1 3£1 XA2Y2 E i 38.
My _ 205 AY, 2 b’c - 2b%c

Breaking stress is characteristic property of wire. Independent to shape and size.

k 7

10
y="To = 3x10"" =233%x1010N/m:

mg
A
AL
using Y= /£
we get =19.6 x 1010 N/m2
FL mgl
AL = YA => AL = YA
[L].W
ar=\YA
L
The graph is straight line passing through origin the slope of which is YA .
(L] [E][ 1 } (1.0} (80-20)
A -6 4
Slope = YA .y = \AJ\slope =\107/ (4-10)x107 ~ 5 0 x 101 N/m2
F
\A)
ALy
y= L ..(0)
F
4A
AL,
y= 2 ...(ii)
AL4
AL, _ s

Young’s modulus of a substance is independent of dimension s of wire.

When strain is small, the ratio of the longitudinal stress to the corresponding longitudinal strain is called
Young's molulus (Y) of the material of the body.
stress F/A FL

y = strain  £/L  qr¥y
Given, Y1 =7 x 1010 N/m2
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Y2 =12 x 1010 N/m2

D, 3
1 ==mm
n= 2 2
LIS
L

—r—

;
mg
D,
re= 2
2
Y1 D2
12x10° _(3}2 3 fi2
7x10"% (D, R D, \7
7

F.f
16. Young's modulus (Y) = AAL
FJi F.f !
- —2:K—2
- Ar= YA = Y(nD°/4) D
L
Al D?
1) 100
o \D?2) 1x10°2
For first wire =1x104

! 50
_(p?
For second wire
( it }_ 200
2 |- 2
For third wire P 4x10° —g5x 103
4 ] 300 1

=)
For fourth wire (D

=—7D
25x10 =2 x 104

_ _ 1
9x10° - 3 x 104 =3.33 x 103

:)
nZ
As [D is maximum for second wire, therefore increase in its length will be maximum.
17. Potential energy stored in rubber is converted into kinetic energy.
2
lmvg :lYA(AL)
2 2 L
YAL?
V= mL

\/5x108x25x10_6x(5x10_2)2
_ 5x10° x10x10 2
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18.

19.

20.

21.

22.

=250 m/s

Force requied to increase the length of rod :

YAAL
F= L
9x10" x tx4x107% % 0.1
= 100 =360t N U
T=20N
2 20
= 2
T x10e= "F
= r=10-+m
A F
{ = AY
£
A A
So, Ans. is (3)
F
A =7x10;
200 kg Ta=15mis’
F=Ax7x10;

F—-2000g=2000xa
(7 x 10-)A = 2000 (a + g)

2000
7
A= X107 (194 15
A=3.28x%x10-4 m2
A =0.2 x 10-4
As=0.1 x 10-4
JLLALTALVRANRYAURVEVORNRNAALUARURAERARRARNAAAAY
Brass steel
F,1 M~
C
Al B
w
< 2m >
Fi1+F2=mg
R
Ag As (1)
Fix = F2(2—X) ...... (2)
—FZABX =F,(2-x)
As
2Ag
X = Ag +As _ 66.6 cm
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23. /s =2mM ls=1L
As=2cm:
As=1cm:
Als = Als
F Ly F s

AB YB = AS YS
ASYS

SECTION (B)
A 02x1072
1. F= h =0.4x10ux1x.005 x 1 = 4x10s N
P el
=
Z
]
L >
ZA
s
1~ b
Oyt
2 G
Arc ab is in two circles with centers at O and P so r6 = /¢
ro
.
FooX
3 A-h
-2
500 2)(106 X - 5x10 m
4x16x107 _ 4x10° o= 32 = 0.156 cm
Lateral strain 0.4 0.05
« - . SgaXK—
4, Poission's ratio = Longitudinal strain - Lateral strain = 100 = 0.02%
=
5. F= h
2
500 2)(106 X - 5x10 m
4x16x107* _ 4x10° - 32 = 0.156 cm
SECTION (C)
AV p  1x10°
1 V =B = 1.25x10"" = gx10.,
1
2. 46.4 x 10 atm = K
1 P av 2
k= 484X107. g Aviv 5 v = K =464x10s
3. depth = 200 m
AV _01 44
vV 100
density = 1 x 103
g=10

L 4
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Ap hgp
B= Av/v = Aviv o5 B = 200 x 10 x 10s x 1000 =2 x 109
5o
4. h = 2
{7
PE (per unit volume) = 2y \A
PE « 1/A2
2
PE, A_Z
—— 2
PE, =AY 21611
m]r46
5. Twisting couple C = 2/
If material and length of the wires A and B are equal and equal twisting couple are applied then
4
b -9 _[2
rt o, r
o 4x107
6. Angle of shere = L = 100 x30°=0.12°
7. r0=Lp=102x0.8x=2x¢=¢=0.004
ro
¢, =
9. arc=rg=L¢ = L
30°x0.4
o= 100 —q12°
10. Volume elasticity coefficient :
Ap  hpg 200x10°x9.8
B = AV/IV  0.1/100 _ 1/1000 =19.6 x 108 N/m?
AV _hpg 20 hpg
11. \% B = P = B
p°gh
Ap = B
AP V AP 1.5x140x10°
12, B=—AV/V =_ AV =_ -02x10° =105x10,Pa.
SECTION (D)
1. V = 1/2 k(2)2
V1 = 1/2 k(10)2
then V1 = 25V
U, A, L, i, (20
U—ikxz L AY Z2 _ et M g
2. 2 -2 1 = U ALy arfe, L
U.=8U1=16J
Stress
3. y = Strain = constant

It depends only on nature of material.

L 4

35 | Page

L 4



Elasticity & Viscosity

) 4

1 g Mot
5. Work done = 2 2
1
6. Energy stored = 2 stress x strain x volume
1
U= 2 stress x strain x volume
Uu 1. S 18?2
Y_lgy2_1=
vV 2 Y 2Y
8 U= 2k 2k
yaz  2x10°0x10° x(10'3)2
100 w= L = 2x50x107 2x10-2J

1
2 Y (strain). Volume
0.075J

11. U=
U=

1
13. U= 2 Y (strain). Volume

1 1
14.  Workdone= 2 mgh= 2 x5x10 x 3 =75J
1 1
15. Work done = 2 mgh= 2 x5x10x 3
16. Elastic energy stored in the wire is
1
U= 2 x stress x strain x volume
1R Abar Tea 1
—2A L =2 =2 x200x1%x103=0.1J
17. Elastic energy stored in the wire is
1
U= 2 stress x strain x volume
1F A 1 1
=2 A L xAL = 2 FAl= 2 x 200 x1 x10-3=0.1

1 (stress i frey ) _g

18, u=2 Y 2Y
19. Tension in wire remains same
SECTION (E)
1. 0] v=>5x10-4m/s
2
9—"299
v= 1
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5x9x18x10°x10*
rz= 2x900x10 =9 x 10-12
r=3x10-6 m

(i) V X 12
2
V1 r.1

V:r2:4

2
vi= 4 =1.25 m/sec

2
2r(p-o0)

2. Vi = 9 n

3. mg — 6nnrv = ma

When mg = 6nnrv, F=0

4. No medium is present in vacuum son =0

5. The gravitational force remains constant. The viscous force increases with increase in velocity. The net
force decreases and finally becomes zero when terminal velocity is reached.

6. Vrar:
4 3
—nr
P3
VT a r
m
Via I
7. Theortical
g
9 m 2 =mg-Fs—Fv

10. In equilibrium,
mg = qE
In absence of electric field,
mg = 6ninrv
= gE = 6nqgrv

4 9E in(qE Tp qE
m= 3 nrzp.= 9 = 3

After substituting value we get,
g =8 x 10-19 C Ans.

11. A liquid has no length and no shape, but it has only definite volume and so, it possesses only bulk
modulus.
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12.

14.
15.

16.

17.

18.

19.

3.

s _Fdx
|:=—r]Adx an= A dv
Writing the dimensions
MLT?] L]
2 -1
m= LT LT = MiaTyg
Qeffective = 0
Vra (os —ou)
02_195-15
vV  105-15
V=0.1m/s
mg = FB + FV
p1Vg = p2Vg + Kvrz
(p1—p2)VQ
vr = K
P My b1
Py = MyV,  Mrs ,Vacr: =pocrs then Py _ 32
_05x2
2
Velocity gradient = 2.5%x10
dv 0.5

dz 2
Also, F=2nA 92 = 2x nx (0.5 1.25x10
Sz
Fe—=

= n = 2.5 x 102 kg — sec/m:

F =mg
4

2x10-5v = 3 nir3pg
4x(1.5x107°)° x10° x 10x 3.14

V= 3x2x107° =7mls
EXERCISE # 2
O Y,
az Yy
o 2
a _ 6
F
A=Y A8 is same for both
Fi
A
F o Yoy Y%
Ay _ Yo, > Y2:011:3:1

mg-Fv—-Fp=ma=0

mg = Fv + Fup (l)
Now F-mg-Fv—Fw=2mg— mg—Fv—Fp=mg—-Fv—Fup=0
= Acceleration in second case = 0

ball will move upward with constant speed = 10 cm/s

For floating
(p1 + p2)V = (01 + 02)V
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prt+p2=01+to02
since strings in taut so

G,
@

p1< 01 p2 > 02
grz(cz —P1)9

Ve = ° N2
3(01 —P2)9

Vo = 9 M

since o2 — p1 = —(01 — p2)

Vel M

Va| M2

\7,3.\7Q <0

because Vr and Vq are opposite

4, Area=1cm2
AN=11/¢—-7/
Y =2x 1011
F A
A =Y E
)
F=AY t =1x104x2x1011x0.1=2x 106
av
5. Bulk strain= VvV
avA
V =Ls = V =3 L
av av
= V =3x0.02 = V' =0.06.
EXERCISE# 3
PART -1
1 F = Kx
ﬁ><AL
= L
A D2
ALy o 190 400
1

L 4
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200
AL, o 3 o« 50

300 100
o 7 o ——

3
ALy o ? o 200
4
Here AL4 correct.
V=Al
FIA

AL,

AP 1 AV
(Avlv) =

> compressibility B VAP

ﬂ:APx[l}

So, Fractional compression v B
=45.4 x 10711 x 103 x 10 x 2700 = 1.2258 x 102

FUIERRRARAAARAY AL

On

A
A brass
steal
Y=ﬂ_i _/_\E:M
A A S0, AY
Wit _ W WY
AY, AY, N W, Y,
P
AV AVI_P
v N \ B
AV _3aR _P AR_P
V. R Bo R 3B
U Or 0
[ 13
wire (1) wire (2)
A 3A
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F_F _H
_k yA/L yA
(FIA) FI (F/3A) F1

X

v= (AL/L) AD{L v= (3AL/4) 9AAL
soF =9F

7. Rate of heat produced = power loss against viscous force

CL—Q=fV xV = (6nrv)xv

pra 6mrv? o (r)(r?)?
dQ 5

—SCr

dt

0 Mg
L )

8. Strain = stress = A

x stress x strain x volume
Mg [
X A x L x A XL

Energy =

1l
Nl= = N=

<
«Q
=

_2(p—o)r?
9. "9 ng

(2)(5=2

vV,
v,
V, (1Y(8p—.1p
V_z_(ENP—JpJ
V1
v,
V

<

42

PART -1

Y Ax Y (3A)x
1. F= ¢ andr= (/3) =gF

2. Vpg = 6nnrv + vpg
Vg(p — pr) = Brinrv
Va(p — pr) = 6mn'rv'
(P—pp")
Vi = (P—pp) VN
(P—pg’) Vn
vz (P=p) M

W=

L 4
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(7.8-1.2) 10x8.5x10°*

- (7.8-1) 13.2
Vv'=6.25 x 104 cm/s.

foy _ 1T 1T
3 20 20\ n  20\VAd
T

T T_YM
AlsoY= AMl o A [
Al

¢=15m, ¢ =0.01,d=7.7x 10s kg/ms

y =2.2 x 101 N/m2
After solving

3
f=\/§x10 Hz
7 3

f=178.2 Hz

P

4. add =y

P=YaA® =2 x 1011 x1.1x 105 x 100 =2.2 x 10s Pa

2

5 T=2n V9
I+ AL
= Tm =21 9

Mgl

Al = AY

=
mg
6 AP =
mg
A
4nridr
4 r’
K=— 3
dr__mg
r 3KA
7. AL = LaAT
AL

strain= L =aAT

=

A |yal

Y

£d

L 4
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stress F
vy = strain = AcAT

poVgxL
8 5= N
 (Po —pL)vgxL
Ay
E':Po—PL:8—2
- 0 Po 8
6'=3mm

L 4
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