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Physical Quantities

Physical quantities are divided into two categories Scalar Quantities and Vector
Quantities. Those quantities which have only magnitude and which are not
related to any fixed direction in space are called scalar quantities or briefly
scalars.

Examples of scalars are mass, volume, density, work, temperature etc.,

Vectors are those quantities which have both magnitude and direction.
Displacement, velocity, acceleration, momentum, weight, force etc., are examples
of vector quantities.

Magnitude of a vector a is denoted by|a| or @ It is non-negative scalar.

Types of Vectors

1. Zero or Null Vector
A vector whose initial and terminal points are coincident is called the zero or
the null vector.

2. Unit Vector
A vector whose modulus is unity, is called a unit vector.
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3. Like and Unlike Vectors

Vectors are said to be like when they have the same

sense of direction and unlike when they have opposite
directions,

4. Equality of Vectors

Two vectors a and b are said to be equal, written as
a=b, if they have same length, same or parallel
support and same sense.,

5. Collinear or Parallel Vectors

Vectors having the same or parallel supports are called
collinear vectors.

6. Coinitial Vectors

Vectors having the same initial point are called
coinitial vectors.

7. Coplanar Vectors

A system of vectors is said to be coplanar, if their
supports are parallel to the same plane.

8. Coterminous Vectors

Vectors having the same terminal point are called
coterminous vectors.

9. Negative of a Vector

The vector which has the same magnitude as that of a
given vector a but opposite direction, is called the
negative of a and is denoted by — a.

10. Reciprocal of a Vector

A vector having the same direction as that of a given

vector a but magnitude equal to the reciprocal of the

given vector is known as the reciprocal of a and is
1

denoted by a ™.
11. Localized and Free Vectors

A vector which is drawn parallel to a given vector

through a specified point in space is called a localized

vector. Force acting on a rigid body is a localized vector
as its effect depends on the line of action of the force.

12. Displacement Vector
When a partical is displaced from point A to other point
B, then the displacement AB is a vector i.e., AB is called
displacement vector of the particle.

13. Orthogonal Vector
Two vectors are called orthogonal, if angle between the

two is a right angle.
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Position of Vectors

Every point P (x, y, z) is associated with a vector, called
position vector i.e., PV of P as OP = x1i + i+ zk.

O is the origin, its PV is the zero vector.
(i) IfA(ay, a, a)and B (by,b,,b;) have PV a and b, then

AB=b-a
and AB=|b-a|
Z\/E—bl)z +(q ‘bz)z + (a5 _bs)z

(if) If the point C divides AB in the ratio m: n, then its
PV is

_mb+na
m+n

C

Addition and Subtraction of
Vectors

Let PQRS is a parallelogram
and PQ =a =SR,

PS = b = QR. Then,
Diagonal of PR=a+bh
(addition of vectors)

and Diagonal of SQ=a-b
(subtraction of vectors) £ a Q

o
o

Three Methods of
Vector Addition

¢ Triangle Law If two vectors a and b lie
along the two sides of a triangle in R
consecutive order (as shown in the 2 b
adjoining  figure), then third side
represents the sum (resultant) a+ b, @ a

¢ Parallelogram Law If two vectors lie
along two adjacent sides of g
paralielogram (as  shown in the
adjoining figure), then diagonal of the
parallelogram through the common
vertex represents their sum,

¢ Polygon Law |f (n —1) sides of

a polygon represents vector a*ap+ 83 /" \33
a;,a, as, ... In consecutive order, b a,
then nth side represents their sum (0} aj ‘

(as shown in the adjoining figure).



http://www.novapdf.com/
http://www.novapdf.com/

Components of a Vector

The process of splitting a vector is called resolution of a vector. In simpler language, it would mean,
determining the effect of a vector in a particular direction. The parts of the vector obtained after
splitting the vectors are known as the components of the vector.

Components of a Vector in Two
Dimensional Space

The planar components of a vector lies in the plane of
vector. Since, there are two perpendicular axes involved
with a plane, a vector is resolved in two components which
lie in the same plane as that of vector. Clearly, a vector is
composed by components in only two directions

a = acos oi + acos Bj
From the figure depicting a planar coordinate, it is clear
that angle ‘B’ is compliment of angle ‘a. If . =6, then

o =0andp=90°-9

Planar vector

Y e

a & &
o
B >

o 0

— X — X

The direction of a planar vector with respect to rectangular
axes can be described by a single angle.
Putting in the expression for the vector,

a=ayl+ayj

a = acos 6i + acos (90° - 6)j

a = acos 0i + asin 6j

From graphical representation, the tangent of the angle that
asin® _ ay

r makes with X-axis istan o = tan' 6=
e acos® ay

Similarly, the tangent of the angle that vector makes with

acos® a
-axis i (90 = 0] =col Biess e = b
Y-axis is tan p ( ) s

Components of a Vector in Three

Dimensional Space

A scalar component, also known as projection, of a vector
AB in the positive direction of a straight line C"C is defined
as AC=|AB|cose=ABcose

where, 0 is the angle that vector AB makes with the
specified direction C’ C as shown in the figure.

Analytical Method

It is clear that scalar component can either be positive or
negative depending on the value of angle that the vector
makes with the referred direction. The angle lies between
the range given by 0 <6 <180°. This interval means that
we should consider the smaller angle between two vectors.

V7
A

In accordance with the above definition, we resolve a given
vector in three components in three mutually
perpendicular directions of rectangular coordinate system.
Note, here that we measure angle with respect to parallel
lines to the axes. By convention, we denote components by
using the non-bold type face of the vector symbol with a
suffix representing direction (X or Y or Z).

Components of a Vector
ABy, = AB cos 0, ABy = AB cos p and AB; = AB cos Y.

where o, p and vy are the angles that vector AB makes with
the positive directions of X,Y and Z, respectively. .

As a vector can be resolved in a set of components, the
reverse processing of components in a vector is also
expected. A vector is composed from vector components
in three directions along the axes of rectangular coordinate

without this message by purchasing novaPDF (http://www.novapdf.com/)
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system by combinin

g three tomponent vectors. The vector
Component is the

Vector counterpart of the scalar
obtained by multiplying the scalar
> Unit vector in axial direction. The
vector components of 5 vector a are ayi, ay j and ayk.
..
® It two vectors a = (g, a3, a;) and b
then their resolved parts will
and g, = b,
» The resolved parts of a resuf
Vectors are equal
vectors,

=(by, by, by) are equal,
also equal j. e, q =b,a, =b,

tant vector of addition of two
to the sum of resolved parts of these

A vector a is equal to th
in three mutually
coordinate system
unit vectors in the

€ vector sum of component vectors
perpendicular directions of rectangular
A = ay i+ ayj + a,k, where I,j and k are
respective directions,
a=acosai+acosBj+acoéyk

Magnitude of the sum of two vectors (axi + ayj) in X and Y
direction, which are Perpendicular to each other, is

@ =(dk + ) =(d + @)

We observe here that resultant vector lies in the plane
formed by the two component vectors being added. The

resultant vector is, therefore perpendicular to third
componernt vector,

Thus, the magnitude of the
and third vector
other, is

= a=y[{c + &)} + G = (d + & + &)

sum of vector (axi + ayj)
azk, which are perpendicular to each

+ The scalar component of a along a non-zero vector b is
A

M
a-b
OM=——
[b]

i (@:-b)
+ Vector component of a along b is OM = B b.

) axb
+ Scalar component ofa L b is MA="' ;

[b]
: ; @ b), bxaxb
+ Vector component ofa L b is MA =a—W t;_W
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Orthogonal System of Unit Vectors

Let OX,0Y and OZ be three mutually perpendicular
straight lines. Given any point P(x, y, z) in space, we can
construct the rectangular parallelopiped of which OP is a
diagonal and OA = x,0B =y,0C = 2. Here, A,B and ¢ are
(x,0,0),(0, y,0) and (0,0, z) respectively and L, M and N are
(0,7,2),(x,0,z) and (x, ¥ 0), respectively.
Let i,j and k denote unit vectors along OX,0Y and 0z
respectively. We have, r=0P = xj + Yj+zk as OA = xi,
OB = yjand OC = zk,

Y

“ :’I(x, ¥, 2)
.‘r :

Z
ON= 0A+ AN
OP= ON + NP
So, OP=0A+ 0B+ OC (NP=0C,AN= OB)
I=|r|=|OP|=1/x* + ;2 1 ;2
= r:iM:]i.,.mj.’_nk
x| £ X2 + y? + 22
= r =/ + mj + nk

Angular Bisectors

Let a and b are unit vectors, T
between a and b ig alonga + b,

alonga - b. Ifa and b are not u
bisectors are

he internal bisector of angle
External bisector of angle is
nit vectors, then above angle

b

a-b
a b a b
a1 " b7 ¢ 157 7hy

These bisectors are Pperpendicular to eqch other.
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Scalar (Dot) Product

The scalar product of two vectors a and b is given bya-b=|a||b|cos8,0<6<m.

Properties of Scalar Product

10. l[a+b+cf =(a+b+c)-(a+b+c)
1 a'b:b.a

ey i) =|af +|bf +|cf+2(@ b+b-ctc-a)
2. a-b=0,ifalb :
. 11. If r is a vector making angles o, B and y with OX, OY
3. a-a=|a| .
P and OZ respectively, then
4. i-i=j-j=k k=1 cosa=r-i,cosf=r-jcosy=r-k
andi-j=i-k=j-k=j.-i=k-i=k-j=0 r=|r|cosai+|r|cosPj+|r|cosyk
j Ifa=ai+aj+akandb=hb,i+b,j+ b.k, If r is a unit vector, then
the)na-b:¢11131+(121)2.,.asb3 r = (cos @) i+ (cosB) j + (cos v) k
6. a-(a-b)=ca(a-b) 12. If a, band c are non-coplanar vectors in space, any
7. a-(btc)=a-b+a-c vector r in space can _be written as

r=(r-a)a+(r-b)b+(r-c)jc, where a,band ¢ are

distributi - :
( ibiTve) unit vectors along a, b and ¢, respectively.

8. For gny two vectors a and b, we have
@ |la+bfP=|a +|bP+2(a-h)
(i) la-b[ =|af +|b[* —2(a-b)

13. If r is a non-zero vector in space and a, b and c are
three vectors, such thatr-a=r-b=r-c=0
=a, b and c are coplanar.

({@ii) (@a+b)-@a-b)=|al’-|b[f 14. If r is a non-zero coplanar to two given vectors a and
p 8 i
(iv) a-b <0 iff a and b are inclined at an obtuse b, thenr-a=r-b=0 =aand b are collinear.
angle. 15. Work done If a particle acted on by a force F has
(v) a-b> 0 iffaand b are inclined at an acute angle. displacement d, then Work done =F -d
9. If a=a,i + aj+ ak and b=hb,i +b,j + b,k inclined
at an angle 6, then » The angle between two vectors a and b is defined as the
a-b smaller angle © between them, when they are drawn with
cos O = la||b| the same initial point.

» Usually, we take 0 <@ < . Angle between two like

a,b, + a;b , . .
GOISa ;050 vectors is O and angle between two unlike vectors is 1.

X J& + &+ & b} +b; +b]

Vector (Cross) Product

The vector product of two vectors a and b is given by axb=|a||b|sin® i, where i is perpendicular to aand b and
6 (0 <0 < ) is the angle between a and b.

Properties of Vector Product \7/ Ifa = a,i + aj + gk and b = bi +b,j + b,k
1. axb=-bxa R i <

2. (a x b)? =|af |bf - (a-b)* fineasiadbrs G aEe
3. The vector perpendicular to both a and b is given by by b, by
axh. 8. The unit vectors perpendicular to the plane of
4. maxb=m(axh)=axmb . aand b are j:'ax:I and a vector of magnitude A
a x
—as bdg x ! 5
5 ax(bidzaxhdaxa perpendicular to the plane of (a and b or b and a) is

and(btc)xa=hbhxatcxa
6. 8Xb=0®a”b, .
where a and b are non-null vectors.

A (a x b)
laxb|
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9.

10.

Rotating Body A rigid body is spinning with
angular velocity ® about an axis through 6.
The velocity of a point P in the body is

V=0OXOP=0 X1
w

0
If i,jjand k are three unit vectors along three
mutually perpendicular lines, then
iXi=jxj=kxk=0ixj=k, jxi=-k, jxk=i,
kxj=-1i kxi=jixk=-j

JEE Main Mathematics inJus+ 20 Days

11. Moment of a Force A force F is acting along a line
through B. Its moment about the point A is AB x F

i.e., rxF.

12, Let a and b be the two adjacent sides of a

parallelogram PQRS.
(i) Area of APQR s % la x b].
(ii) Area of parallelogram PQRS is|a x b|.

(iii) Area of quadrilateral PQRS is §~|PR x SQ|, where

PR and SQ are diagonals.
(iv) Area of APQR = % | PQ x PR|

Product of Three Vectors

There are two methods of product of three vectors

Scalar Triple Product

Leta - b are inclined at angle 6 and c is inclined at an angle
¢ with the vector a x b. Then,

n
Cc

6

axb.c=|al|b|(sinf) n-c

=|a||b||c|sin 6 cos ¢

It is the volume of the parallelopiped with concurrent
edges a, b, ¢ and is denoted by the box product [a b c].

Properties of Scalar Triple Product

1.

N o oo e e N

[abc]=[bca]=[cab]

If A is a scalar, then [Aa bc]= A [a bc]
[abec; +c]=[abci]+[abeg,]

ifa, b and c are coplanar, then [a b c] =0
[abc]=-[bacl=-[cba]=-[ach]
(axb)-c=a-(bxc)

The scalar triple product of three vectors is zero,

if any two of them are equal or parallel or
collinear.

If [abc] = 0, then any two of the vectors are parallel
or a, b and c are coplanar.

or c=oa+ b

9. Four points with position vectors a, b, ¢ and d will be

coplanar, if [d b¢]+[d ca]+[d a b]=[a b c]
10. Ifa =i+ aj+ak,b=b, i+b,j+bk
QG &G &
andc =c,i +6,j+ck, then[abc]=|b, b, b,

Gy @ @

a-a a-b a-c
11. [axbbx ccxal=[abcf=|b-a b-b b-c
c-b

C-a C-C

a-u av aw
12. [abc]-luvw]=|b-u b-v b w
ccu ¢cv cw

Vector Triple Product

If a,band ¢ are three vector quantities, then a x (b X )

represents the vector triple product and is given by
(@axb)xc=(a-c)b—(b-c)a
= ax(bxc)=(a-c)b-(a-b)c

Properties of Vector Triple Product

1. (axb]><c=ax[b><c]ifandonlyif bx(cxa)=0

2 axbxa:(axb)xa=ax(bxa)

3. Vectora x (b x ¢) is perpendicular to a and lies in the

plane of b and c.
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4. a and b are two vectors as adjacent sides of a (iii) a, b and c are coplanar.

parallelogram, then the vector which is the altitude

of the parallelogram and is perpendicular to a is e

(@a-b) 1 (v)[abgc]=0
la| S it laf {|al* b~ (a-b)a}. Otherwise a, b and c are linearly independent.
A vector r is said to be a linear combination of vectors
Li a, b, c,...etc., if there exist scalars x, v, z, ... etc., such that
inearly Dependent Vectors r=xatybtzed.
de d5 T = ] B o
dep;]x(c)iex?f Thif?t Iff:";fg 3 el o e Mgty e Reciprocal System of Vector -
(i) there are non-zero scalar oiand B such that Let a, b and ¢ be three non-coplanar vectors, so that
oa +Bb =0. [abec]0.
(i) a and b are paraliel. ;. bixic e calaia db
[i.ii] a and b are collinear. “fabc]’ " [abe] [abe]
Cl;t‘i] . Xb z : ; These three vectors are said to form a reciprocal system of
: herwise, a and b are linearly independent. vectors for the vectors a, b and ¢
2. 1 . o s
:ie;:;i‘in?otiezr? r:t)n:eﬁ:rs abande are linearly 1 . g 4bjal+ b +c)bltlcta)e’=8
; B 1
(i) there are non-zero scalars o,fandy such that * ['b’c’]= Bbe]
oca+Bb+yc=0 .
(ii) a, b and c are parallel to plane.
Applications of Vectors in Geometry
1. ‘The points A, Band C are collinear’ means
(i) Area of A ABC is zero. (ii) b —a and ¢ —a are collinear vectors.
(iii) b —a and ¢ —a are parallel. (iv) (b —a)x (c—a)=0
(v) There exist o, p and y not all zero such thatoa + b + yc =0 and ot +  + 7=0.
Otherwise A, Band C are not collinear.
2. ‘A, B,Cand D are coplanar’ means.
(i) Volume of tetrahedron ABCD is zero. (ii) b —a,c —a and d —a are coplanar.
(iii) [b —a,c —a,d —a] =0
(iv) There exist o, B, yand 8 not all zero such thatoa +pb + yc +8d =0 and o +p +y+6=0
Otherwise A, B, C and D are not coplanar.
3. Ifaand b are the PV of Aand B and r be the PV of the point P which divides the join of A and B in the ratio m: n,
then £ mb + IE
m* n
Here, “+* sign takes for internal ratio and -’ sign takes for external ratio.
4. Ifa, band c be the PV of three vertices of AABC and r be the PV of the centroid of AABC, then

a+b+c
r=———
3



http://www.novapdf.com/
http://www.novapdf.com/

422

9. (i) Vector equation of the straight line passing through origin and
parallel to b is given by r =th, where ¢ ig scalar,

(ii) Vector equation of lh’s‘traiglll line passing through a and parallel to
bis given by f =a + th, wheret is scalar.

(iii) Vector equation of the straight line passing through a and b is given
byr=a -+t (b -a) wheret is scalar,

6. (i) Vector equation of the plane through origin and parallel a to b and ¢
is given by r = sh + {¢, where s and tare scalars.

(ii) Vector equation of the plane passing through a and parallel to
b and c is given byr=a + sh + ¢ where, s and ¢ are scalars.

(iii) Vector equation of the plane passing through a, b and ¢ is
r=(1—s—t)a+sb+tc,
where s and ¢ are scalars.

(iv) Plane through the non-collinear points a, b and ¢ is
[r— ab- ac— al =0.

(v) The distance of the pointa from the plane r - = pis
la-n - p|

|n
(vi) The foot of the perpendicular from the pointa to the plane
: @ n-pn
Ln=pisa--—— £/~
n-n

(vii) The image of the pointa in the plane r- n = pis
_2(r'm-p)n
n-n

a
7. Let the position vectors of quadrilateral ABCD be a, b, c and d. Then,
(i) Area of AABC = %l(b —a)x (c )|
=§|n><b+bxc+c><al

(ii) Area of quadrilateral ABCD is
=2l =) x (b -d)

(iii) Volume of a parallelopiped with edges DA, DB and DEAS
[[a=d,b-d, c— d]|

* Volume of a tetrahedron ABCH isg

JEE Main Mathematics 1 ..; 20 Days

— Tetrahedron and Its
Properties
A tetrahedron is a three dimensional figure
formed by four triangles.
OABC - Tetrahedron
AABC — Base
OAB,OBC,0CA —s Faces

In figure,

OA OB,OC, AB, BC and CA —s Edges
OA BC,0B,CA OCand AB —s

Pair of opposite edges.
A

B Cc

* A tetrahedron in which all edges are

equal is called a regular tetrahedron.

¢ If two pairs of opposite edges of a

tetrahedron are perpendicular, then the
opposite edges of the thirg pair is also
perpendicular to each other.

* The sum of the squares of two opposite

edges is the same for each pair of
opposite edges.’

¢ Any two opposite edges in a regular

tetrahedron are perpendicular.
1

|fa~d,b-d,c— dJ|

¢ Volume of a tetrahedron Whose three

coterminous edges are in the right
handed system are a, b and ¢ s given

E[abc]

J * Centroid of tetrahedron isa+b++d
¥
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Practice

1. Ifa =i+ j+ kandb =j—k, then a vector ¢ such thata xc =b
anda-c =3is [NCERT Exemplar]

S 2 I 2 I SHERD

(@ =i+ =j+ =k b) Zi+ Zj+ =k

3 3j 3 ) 3 3l 3

o 22 & (d) None of these
3 3 3

2. Ifa and b are unit vectors inclined at an angle o, o € [0, 7]to
each other and|a +b| < 1. Then, a; belong to

052 e
0 (23) 9(55)

3. A unit vector d is equally inclined at an angle o with the
vectors a =cos0-i+sinB-j b=-sin®-i+cos6-j and

c =k. Then, o is equal to
il A )
alloosili—— o) e | —
@ o5 o S e
= 1 T
-y Q) 2
(c) cos : (@) >
4. \ectors a and b are such that|a|=1|b|=4anda-b=2 If

¢ =2a x b — 3b, then the angle between b and c is

(2) (6) 2=

6
© )

38

wlaom|a

5.let p=3ax?i-2(x-1ja=bx-1i+x and ab<0.
Then, p and q are parallel for atleast one x in
(@) 1) (b) =10
(¢) (1,2 (d) None of these

6. Let band ¢ be non-collinear vectors. If a is a vector such
thata (b +c)=4andax xc)=(x? —2x + 6)b+siny-c
then (x, y)lies on the line
(@ x+y=0 (o) x—y=0
{c) x=1 (d) y=m

7. The distance of the point 3i+ 5k from the line parallel to
6i + j— 2k and passing through the point 8i + 3j + kiis

@ 1 (b) 2 (© 3 () #
Nt t0 PDE witho NIS messade DY D Nas|n aPD

8. Let|a| =242, |b| = 3and the angle betweena and b is 1;— If

9. If|a|=|b|=|c|=1anda b=b-c =c-a=cos8, then the

10. Let a=2i+j+k b=i+2j—k and a unit vector ¢ be

11. Ifa, b andc are non-coplanar vectors andd = Aa + ub + ve,

12. If a =ai + a)j + ask, b =bji+ b+ bsk, € =Cii+Coj+Cak,

13. The distance of the point B with position vector i+ 2+ 3k

14. Let aand b be the position vectors of points Aand 8 with

E\ \

O
=3
(D%
o
—

a parallelogram is constructed with adjacent sides
2a - 3band a + b, then its longer diagonal is of length
(@) 10 (b) 8 () 2426 (d) 6

maximum value of 6 is

2n 21
a) = b E ¢) = A==
(@) (o) > (© S (@) E

coplanar. If ¢ is perpendicular to a, then ¢ is equal to
[NCERT Exemplar]

@ (-i+k) (b) i_j? Ci+ k)
@+L0+k) @ Nonsofthess

then A is equal to [NCERT Exemplar]

@ [a be] ) becd]
bac] bcal

) LBl (d) None of these
[a be]

a; a, ag :
|c|=1and (@ xb)xc =0,then [b; b, bs| isequalto
Ci Cp Cg
(@ 0 (b) 1 (© lal®[b|® (d)]axb|?
from the line passing through the point A whose position
vector is 4i + 2 j+ 2k and parallel to the vector 2i + 3j + Bkis

(a) V10 (b) V5 (©) V6 @) V8

respect to origin and |a| =a|b|=b. The points Cand D
divide AB internally and externally in the ratio 2:3. If
0OC and OD are perpendicular, then

() 9a2 = 4b° (b) 4a® =9b?
(c) 9a=4b (d) 4a=9b
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15. If the positive numbers a band c are the pth, gth and rth

terms of GP, then the vectorsloga-i+|ogb-j+|ogc -k
and (q—r)i+(r—p)j+(p—q)kare

(@) equal : (b) parallel
(¢) perpendicular (d) None of these

16. A vector of magnitude 5 coplanar with i+ j+ 2k and

i+2j+kand perpendicular toi + j + k is

@ —-j+k (b) i-k ©) i—j d)i-2j+k

17. If a is a unit vector and projection of x along a is 2 and

a><r+b=r,thenrisequalto
1
@ Sla-b+axb (b)%[23+b+axb]

{c) a+axb (d) a —axb

18. Let a,bandc be three unit vectors such that a s

perpendicular to the plane of b and c. If the angle between
bandc is % then|a xb —a x ¢ |2 is equal to

(@ 1/3 (b) 1/2 (e) 1 d) 2

19. A line passes through (2, -1, 8) and is perpendicular to the

line Fr=(+j-k)+12i—2j+k)

and r=(@2i —j—3Kk)+pu (i+2j+2k). Then, its equation is
(@ r=@i—j+ 3k)+u @i+ i —2k)

(B) r=(2i+j-3k)+p @i+ j-2k)

© r=@0+j+ 3k)+pn @i+ j—2k)

(d) None of the above

(where, u = —2))

20. If a vector r of magnitude 3v6 is directed along the bisector

of the angle between the vectors a=7i-4j-4kand
b =-2i—j+ 2k thenris equal to

(@ i-7j+ 2k (b) i+ 7j—2k

(©) i+7j+2k (d) i-7j-2k

21. If b=4i+ 3j and ¢ be two vectors perpendicular to each

other in the xy-plane. Then, a vector in the same plane
having projections 1 and 2 along b andc respectively,
is

(@) i+ 2j b) 2i—j

() 2i+j (d) None of these

22. Leta,band ¢ be unit vectois s.ch thata +b +¢ =0. Which

one of the following is ¢ rect?

(@) axb=bxc=cxa'?\)

{b) axb=bxc =cxa =0
(c)axb=bxc=axc=10 ]

(d) @ xb,bx cand ¢ x a are rutually perpendicular.

23. The wunit vector which is orthogonal to the vector

- 3i+ 21"-{- 6k and is coplanar with the vectors 2i + j+k and
i-j+kis

o 26+ K 2i-3

7 o

S (@ 4+ 3i-3k
e

JEE Main Mathematics nJdust 240 Days

24. letv=2i+ j—kand w =i+ 3k |f uis a unit vector, then the

maximum value of [u v w]is

@ -1 (b) VA0 + /6
(c) /59 d) V60

25405 _¥a N Ghd e are unit  vectors,  then

[a—b]2+[b—c]2+lc—a[2 does not exceed to

(a) 4 (b) 9
(c) 8 (d) 6

26. If the vectors a,b and ¢ form the sides BC,CAand AB

respectively of AABC, then

(@a-b+b-c+c-a=0
(¢ a-b=b-c=c-a

(b) axb=bxc=cxa
(daxb+axc+exa=0

27. The projection of the vector i+ i+k on the line whose

Vector equation is r = (2 + t)i + t =1)j+ 3t k, where ¢t being
ascalar is
5 5 7 7/
Q)
2

28. Ifa=i—j b=i-2k then the point of intersection of the

linesrxa=bxa andrxb =axbis
(@i+j—k b) i—j+k
(€) 2i—j—2k (d) None of these

29. The vectors a and b are non-collinear. The value of x, for

which the vectors, ¢ = @x+3a+b andd = @x+3a-b
are collinear is

@ 1/2 (b) 1/3
(© —53 (d) None of these

30. The values of x for which the angle between the vectors

26+ 4Xj+k and 7i =2j+ xk is obtuse and the angle
between the z-axis and 7i 2] + xk s acute and less than %

is given by
1

&) Oz = (b)x>10rx<0
2 2

(c) 21 <x<15 (d) No such value for x

31. Let G4,G, and G be the centroids of the triangular faces

OBC, OCAandOAB of a tetrahedron OABC. If V; denote the
volume of the tetrahedron OABC and V, that of the
parallelopiped with 0G4, 0G ,and OG , as three concurrent
edges, then
(@) 4V, =9y,

(b) 9V, =4y,
© 3y =2V,

(@ 3, =2V,

32.If a,bandc are position vectors of three non-collinear

points A Band C respectively, the shortest distance of A

from BC is
(@) a-(b—-c) (b) \/[bf—af"" *1

g ih5 el
© |b-a| (d) Noneofthese
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33. Let o =ai+ bj+ck, B =bi+cj+ak and y=ci+ aj+ bk
be three coplanar vectors with a# b and v =i +j+ k. Then,
Vv is perpendicular to

@ (b) B
© ¥ (d) Al of these
34. a andc are unit collinear vectors and| b| = 6, thenb — 3¢ = Aa, if
Als
@ -93 ) 9,3
() 3,-3 (d) None of these

35. lfa,b and ¢ are three mutually perpendicular vectors, then
the projection of the vector / L m by +n @bl along
la| [b]  |axb]

the angle bisector of the vectora and b is

/2 2 -~ —
(a) 7—2——#—” o) VB B e
yIE+m® n®
o 5
e T o)
P+ mP +n? 2

36. Let us define the length of a vector ai+bj+ck as
la|+|b|+|c| This definiton coincides with the usual
definition of length of a vector ai+ bj + ck iff
(8)a = b=c=0
(b) any two of a, b and ¢ are zero
(c) any one of a, b andc are zero
(da+b+c=0

37. Letu=i+j v=i—jand w=i+2j+ 3 If Ais a unit vector
such thatu-A=0and V-fA=0, then| w-A|is equal to
(@) 3 (b) 0

() 1 (d) 2

38. If a and b are unit vectors, then the greatest value of
la+b|+|a-blis
(@) 2 (b) 4
(c) 242 (d) V2
39, If V is the volume of the parallelopiped having three
coterminus edges, as a, b and ¢, then the volume of the
parallelopiped having three coterminus edges as
og=(@-a)a+@bb+ (a-c)c
B =(a-b)a+ (b-b)b+ (b-c)e
y=(@-c)a+ (b-c)b+ c-c)c
(a) V* (b) 3V
(c) V2 d) 2V
40. If a,bandc are non-coplanar vectors and r is a real
number, then the vectors a+2b+ 3¢, Ab+4c and
(23 — 1)c are non-coplanar for
(a) novalue of A
(b) all except one value of A
(c) all except two values of A
(d) all values of A

o PDE without this messade by purchasina novaPDE (h

41.

42.

43.

Letu, v and w be three vectors such that
lul=1]v|=2]w|=3

If the projection of v along u is equal to that of w along u
and vandw are perpendicular to each other, then
|lu-v+w| isequalto
(a) 4 (b) N7 (©) V14 @) 2
Let a,b and ¢ be non-zero vectors such that no two are
collinear and (@ xb)x ¢ = :13 |b||c|a.lf@is the acute angle
between the vectors b and ¢, then sin 8 is equal to

22 2 1
B

2
D= d__
3 3 (L’)S ()3

Resolved part of vector a along the vector b is a4 and thet
perpendicular to b is a,, thena; x a, is equal to

g
@-b)(bxa) d (@-b)(bxa)
© | b|2 @ |bxa|

Directions (Q. Nos. 44 to 46) P is a point of intersection of

X% + y2 =20 ()
and =2 . (i)

in the first quadrant. Q is a point on Eq. (i), in the first quadrant such
that it is an interior point of Eq. (i) and whose abscissae is an
integer.

44.

45.

46.

The sum of the projection of OQ on OP (O is the origin) for
possible of Q is

B) 1_8;?5 (b) 35
© Esﬁ (@) V5

The sum of | OP x OQ| fer possible positions of Q is

(a) 6 (b) 8 () 12 (d) 10

Let R be (- 5,2), then ratio of the maximum of | OR | and the
sum of the projectionis of OQ on y-axis for possible
positions of Q is

&) 12 (@) i1
(c) 4:3 (d) 5:4

Directions (Q. Nos. 47 and 48) Let A be the given point whose
position vector relative to an origin O be a and ON = n. Let r be
the position vector of any point P which lies on the plane and
passing through a and perpendicular to ON. Then, for any point P
on the plane

=
=

AP-n=0
(r—-a):n=0 = r-n=a-n
r-n=p

where, P is perpendicular distance of the plane from origin.

MWW, N0VADJ O[]
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47. The equation of the plane through the point 2i — j— 4k and
parallei to the planer - (4i - 12— 3k)~7 = 0 is
(@) r-(di-12)— 3K) =0 (b) r-(4i - 12i - 3k) = 16
(©) r-(4i-12j- 3k)=24 (cl)r»(4i—12j—3k):°2

48. The equation of the plane through the point 2i + j—k and
passing through the line of intersection of the planes
r-{i+ Sj~k)=0andr-(j+2k)=0is
@ r-(di+9j+11k)=6 (b)r-(3i+9j-3k):18
©r-(+9j+11k)=0 () r-(+9j—11k) =22

Directions (Q. Nos. 49 to 53) Fach of these questions contains
two statements : Statement | (Assertion) and Statement ||
(Reason). Fach of these questions also has four alternative
choices, only one of which is the correct answer. You have to
celect one of the codes (a), (b), (0 and (d) given below.

(@) Statement | is true, Statement Il'is true; Statement Il is a
correct explanation for Statement |.

(b) Statement!is true, Statement |} is true; Statement Il is not
a correct explanation for Statement |.

(c) Statement | is true; Statermnent || is false.

(d) Statement | is false: Statement Ii is true.

49. Statement | If uand v are unit vectors inclined at an angle

o and x is a unit vector bisecting the angle between them,
u+v

then x = =
25—
2

Statement 1l If AABC is an isosceles triangle  with
AB = AC =1, then vector representing bisector of angle Ais

given by AD = AB + AC

50. Statement | A relation between the vectors r-a and b is
axbhb
= ibi— =
a-a
Statement Il r-a =0,

51. Statement | Fora = — 7% the volume of the parallelopiped
formed by vectorsi + aj, ai + j+kandj+ akis maximum.

Statement Il The volume of the parallelopiped having three
coterminous edgesa, bandc is|fabe]|.

JEE Main Mathematics inus+ 20 Days

52. Statement | If a b andc are coplanar, then
axb,bxcandec xa are also coplanar.
Statement Il [axbbxcc xa]=2[abcP.

53. Statement| |a|=|b | does not implies thata =b.
Statement Il Ifa =b, thena-b=|a|? =[b /2,

54. Let a=2i-j+kb=i+2j-k and ¢ =i+ j—2k be three
vectors. A vector of the type b + A ¢ for some scalar A,

whose projection on a is of magnitude \/—g is

(a) 2i+j+ 5k
(b) 2i+ 3j - 3k
(©) 2i—j+ 5k
(d) 2i + 3j + 3k
55. The vector (ix a-b) i+ (ix a-b) j+ (kx a-b) kis equal to

(@ bxa (b) a

(©) axb d) b

56. If a, b and ¢ are unit vectors satisfying a —+/3 b+ ¢=0,
then the angle between the vectors a and cis

; 1% T
N 0 &
(814 ()3
TC T
1 d) &
(C)6 X ()2

57. If aand b are non-collinear vectors, then the value of g for
which the vectors u = (o —2)a+band v=2+ 3o)a — 3b
are collinear is

3 2
2 e
(@) 23 () 32
© — (d) S

58. Let a=2i+j-2kb=i+j If ¢c is a vector such that

a-c =[c|,|c-a|=2+2 and the angle between a xbandc
is 30% then | (@ x b)x ¢ | is equal to

1 33
(@) > (b) 37
(© 3 (d) >

AIEEE & JEE Main Archive

59. If the vectors AB =3i+ 4k and AC = 5i-2j+ 4k are the
sides of aA ABC, then the length of the median through Ais
[JEE Main 2013]

(@) 18 (o) V72 (c) +/33 (d) /45
60. Leta andb be two unit vectors. If the vectors ¢ =a + 2b and
d = 5a - 4b are perpendicular to each other, then the angle
betweena andb is [AIEEE 2012]

@ % R S @ =2

4

61. Let ABCD be a paralielogram such that AB =q, AB =p, and
Z£BAD be an acute angle. If r is the vector that coincides
with the altitude directed from the vertex B to the side AD,
thenr is given by [AIEEE 2012]

(@ r=3q- @9, (b) r=—q+(Lq)p

(X)) q-p
—q-(P9 (d) r=-3q+ 309
Uil [p~q)p Wt
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63. Vectors a and b are not perpendicular and €

64. Leta,bandc be

65. If

66. % a=j—k and c=i—j—k Then, the vector

68. Ifu vand w are non-coplanar vectors

Day 31 Vector Algebra

1 . 1
62. lfa=—— @i+ k) andb=- @i+ 3 -
To ( ) 2 21 + 3] - 6k), then the value of

ea -b)- [@ xb)x @ + 2b)]is
(8) -3 () 5

[AIEEE 2011]

() 3 (d) -5

and d are two
vectors satisfying bxc =bxd and a .d=0. Then, the
vector d is equal to [AIEEE 2011]

(a)c+La' (b)b+[9£)c

a-b.
b-c
e
) (a~bjc

c ) b
a-b
three non-zero vectors which are pairwise
non-collinear. If a+ 3b is collinear with ¢ ‘and b+2¢ is
collinear.witha, thena + 3b+ 6¢ is equal to [AIEEE 2011]

(@a+c (b) a
(©) ¢ (d) 0

the vectors pi+j+k i+qgj+k and i+j+rk
(pzg#r# 1) are coplanar, then the value of
pgr—(p+qg + r)is
@) -2 (b) 2 JAIEEE 2011]
(c) O (d) -

b satisfying
axb+c=0andab =3 is [AIEEE 2010]
(@) —i+j—2k
(c) i—j—-2k

(b) 2i—j+2k
(d) i+j—2k

67. If the vectors a —ji—j+2k b=2i+ 4j+kandc =Ni+j+uk

are mutually orthogonal, then (&, )is equal to [AIEEE 2010]
@ 32 ® @-3 © =2 3 (@ @-2
and p and g are real
numbers, then the equality
[Bupv pwWl- [pv wgu]- Pwqgvgul= 0 holds for

[AIEEE 2009]
(a) exactly two values of (2,9)
(b) more than two but not all values of (p.q)
(c) all values of (p.q)
(d) exactly one value of (p.q)

69. The vector a =o.i+2j+pklies in the plane of the vectors

b=i+jandc=j+k and bisects the angle between b and
¢. Then, which one of the following gives possible values of

o and p? [AIEEE 2008]
@ a=1p=1 b) @=2,p=2
(c)a=1p=2 (d o=2p=1
70. The non-zero vectors a, b and ¢ are related by a = 8b and
¢ =—7b. Then, the angle between a andcis  [AIEEE 2008]
(@) ;It (b) 9:
I (o
(©) 2 (@) 3
PDFE without this me

7l

72.

757

74.

75.

76.

77.

NWW.N0VADO

If the edges of a parallelopiped are of unit length and are
parallel to non-coplanar unit vectors a,bandc such that .
a-b=b-c=c-a=12 Then, the volume of the
parallelopiped is

(@) A cu unit (b) __3/—_— cu unit

2 242

J3 : 1 :
c) = cu unit d) — cu unit
(© 5 i ()\/?3

Ifu and Vv are unit vectors and @ is the acute angle between
them, then 2u x 3V is a unit vector for JAIEEE 2007]
(a) exactly two values of @

(b) more than two values of @

(c) novalue of®

(d) exactly one value of 6

ABC is triangle, right angled at A The resultant of the forces

1 1
Gl ==
AB AC
respectively is the force along AD, where D is the foot of the

perpendicular from A onto BC. The magnitude of the

acting along AB and AC with magnitudes

resultant is [AIEEE 2006]
A e Gt
(@) ('B)_M_C) b) —+—
AB+ AC AB AC
AB2 + AC®
O @ 2=
AD (AB)® (AC)
The distance between the liner=2i—2j+ 3k+ A (=j+ 4Kk)

and the planer - (i+ 5j+k)=5is [AIEEE 2005}

10 10
) —— (b) —
(@) e ) 2
10 &
Q) — d) —
(© 5 @ 5
Let a,bandc are non-zero  vectors such  that

(@axb)xc =%lbllcla. If 0 is acute angle between the

vectors b and ¢, then sin® is equal to [AIEEE 2004]

] 2
i 8) =—
@ 5 ol =

2 22

£ el ==
© 3 (e=
If uvandw are three non-coplanar vectors, then
U+v-w) u- v)x (v — w)is equal to [AIEEE 2003]
(@) 0 (b) u-vxw .
(C)U'WXV (d) 3u-VXWwW
If the vectors ¢,a = xi+ yj+ zk and b=j are such that
a,c and b form a right handed system, then ¢ is equal to

[AISEE 2002]

(a) zi— xk () 0
© Yi (@) — zi+ xk
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Answers

L (s 2. (b 3. (b 4, (b) 5, (d)
11. (b) 12. (d) 13. (a) 14. (a) 15. (c)
21. (b) 22. (b) 23. (o) 24, (o) 25, (b)
31. (a) 32. (d) 33. (d) 34. (a) 35, (d)
41, (c) 42, (a) 43. () 44, (a) 45, (c)
51. (d) 52. (0) 53. (b) 54, (b) 55. (c)
61. (b) 62. (d) 63. (c) 64. (d) 65. (a)
71. (a) 72. (d) 73. (0) 74, (a) 75. (d)

6. (o) 7. (c) 8. (c) 9. (c) 10. (b)
16. (a) 17. (b) 18. (c) 19. (a) 20. (a)
26. (b) 27. (a) 28. (c) 29. (c) 30. (d)
36. (b) 37. (a) 38. (c) 39. (a) 40. (c)
46. (c) 47. (d) 48. (c) 49. (a) 50. (b)
56. (b) 57. (b) 58. (d) 59. (c) 60. (c)
66. (a) 67. (a) 68. (d) 69. (a) 70. (a)
76. (b) 77. (a)

Hints & Scolutions

1.G|ven.a:i+j+kandb—0i+j~—
Let c_xt+yj+zksuchfhataxc banda-c =3
i j kj
Now, axc:b:>1 1 1’—Oi+j—k
!x y ﬁ
= (z—y}i—j(z~x,+k( = X)=0i+j—k
On comparing, we get
Z = 7 =S sor()

B2 — x=14 o)
and Yi—x=~"1 (i)
Alsg, a-c=3 = i+ j+k)-(xi + yj+ zk) =
= Kbt 7=3 .. (iv)

On putting the values of x and yfrom Egs. (i) and (i) in Eq (iv),
we get
1+ z) HZ+7=3

= == z:g

e
On putting the value of zin Egs. (i) and (i), we get

2 B
="and x==
4 8 3
These values of x and yalso satisfy Eq. (iii), we get
5 2
X= —, =—2Z=—
3 £ 3 8
Hence, ¢ = éi + £ j+ 2 k, which is the required vector.
3 3 3
2. Since, [a+bl?<1
= 2+ 2coso < 1
= 4c0s? 2 < 1
2
= cosZ < 1
2 2
= ue(zn 1:)
3
3. letd-a =d-b=b.¢ =COoSo
ot d-@-k)=0

dis parallel to (@ - k)x (b — k)

P

i j k
cos9 sing -1
—-sin® cos® -1

d=

I
A= (cos 6 — smeh+(cose+sm9);+k
e B ) e R e SN LS

V3
1 il
cosa=d-k=— = g =cos [ __

V3 NE]
4. Now,|axb|?=|a|?|b[2~ (@ -b)2 =16 4= 12

and lc|?=(2a xb- 3b)- (a xb - 3b)
=4|laxb|®+9|b[2=4.12+ 9.18
=192
= le|=8/3
Now, b-c=b»(2a><b—3b)
=-38|b|?=-48
b-c 48 V3
cosO = —=— =
|bllc| 4.8/3 2
6:@
6

5. Hence, pxq={3ax® + 2b (x - 12k = f(x) &,
where, f(0) f(1) = 6 ab < 0
* By intermediate value theorem there exists, xin
(1 0) such that f(x) =
6. By expandinga x (b x ¢), we get
a-Cc=x%—2x+ 6a-b=-siny
Given, a-(b+c)=4= x2_2x+2 =siny
= siny=x" -2x+2=(x-1)2+1>1
But siny <1
So, both sides are equal only for x = 1,

7. We know that the distance of the point ¢ from theliner =a + ¢t b
|lc-a)xb]|
el e )
|b]

Hence, ¢ = 3i+ 5k
a=8i+3j+k
b = 6i+ j-2k
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b ek
Now, € —a)xb=|-5 -3 4|=2i+14j+ 13k
S

/441
LM:@:g
V36 + 1+ 4

iR 5) 1 =
8. Now, a b_2«,2-3~ﬁ—6
The diagonals are2a — 3b + (a + b).
.Length of diagonals are
|8a-2b|?=9-8+ 4.9-12.6=236
and |a-4b|®=8+16-9-8-6=104

~.Distance =

So, the length of the longer diagonal is 104 i.e., 2+/26.

a-a a-b a-c

9.abcl=|b-a b-b b-c

el Golos @@

1 cosO cosH
c0so 1 cos®
cos8 coso 1

=1 - 8c0s%6 + 2cos®0
= (1—cos8)? (1 + 2cosb)

— : 1+ 2c0s92>0
= 652—n
3

10. ax@xb)=(a b)a —(@-a)b

=3@i+ j+k)—6(+2]—k)

=-9j+ 9k
.. Required unit vector = Ax(E )
lax@xb)|
= (i
11. Given d=2a +pb+ vc
d-bxc)=Alabec]+ 0+ 0
=Alabc]
d]
=02
E [bca]
axb
. b)xec =0 ihen c= :
12. If(a xb)x b
(@axb)-c=laxb|
& & 332
= b 3, yba ! =l bl ¢
G Cp Cj

13. Here, AB=—3i+k

Now, AB- (2i + 3j+ 6k)=-6+ 6=0
Hence, AB is perpendicular to the given line.
Thus, the required distance

=|AB| =9+ 1=410

14. (33 gzb)-(sa —2b)=0

A (a)

D(Sa—Zb)
=0

= 9al®-4bl?=0
9a%=4b°

15. Letfirstterm and common ratio of a GP beavand . Then,

16. A vector

al=c: BPRD =l B9 lic =la B
~.loga =loga + (p - 1)logB, ete.
The dot product of the given two vectors is
2 {loge: + (p~ 1logB} (@ — 1)
= (loge —logB) X (g ~ ) + log X p(q — 1)
=0
Hence, given vectors are prependicular
coplanar with i+ j+2k and i+2j+k s
I+j+2k+ Xi+2j+k)=0+N1)i+{1+20)j+ @+ Ak
It is perpendicular toi+ j+ k. f
T+ A+ 1+ 20 +2 + A=0=>A=—1
So, the required vector is —j+k

17. Here,a - x=2anda xr+b=r ()

18. Since,a-b=a-c=0and b.-c=—

Dot product of Eq. (i) witha gives,a -b=a -r=2

Cross product of Eq. (i) witha gives
ax@xr)+axb=axr=r-b

= 2a-r+axb=r-b

[from Egq. (i)]

r=—21-[2a+b+a><b]

N | —

laxb|=[axc|=1
Now,[axb—axc|2=|a><blz+|axc|2—2(axb).(axc)
i (0
0 1/2

=1+1—2 :1

19. The required line is perpendicular to the line which are parallel to

vectorsb, =2i - 2j + kandb, =i + 2j+ 2k, respectively. So, it is
parallel to the vectorb = b, x b,.

iy P K
Now, b=b,xb,=l 2 -2 1
il 2 2

= - 6i-3j + 6k

NWW.N0VADJ O[]
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Thus, the required line passes through the point (2, - 1, 3)and is
parallel to the vector b = - 6i-3j + 6k.

So, its equation is
F=(@i-j+.3K)+ A(-6i- 3j + 6k)
= r=@i-j+3K)+pu @i+ j-2k),where p=-23

20. The required vectorr = A@ where A is a scalar,

b),
- r:kL;( ~ 4]~ 4k) + %(2i—j+2k))

A
= = =T Dk
5 j )
Given, |r|?=54
)\2
= ~(1+ 49+ 4)=54
81
= N=ae©

Thus, the required vector is
r==(i-7j+ 2k).
21. Letc = xi + yj
Then,b Lec=b-c = 0= 4x + 3y=0

%W
= L=l =)\ sa
3 -4 ()
=y X=3)\,,y:—47\.
; c=A(3i-4j)

Let the required vector be o, = pi+ g j. Then, the projections of o

onbandc are ([be and ﬁ respectively.
a~—b~ =1and 2 € -2 (given)
Ib] lc|
= 4p+ 39 =5and 3p—4q =10
= p=2qg=-1
o=2i-j

22. Since, a,band ¢ are unit vectors and a + b + ¢ = 0, therefore
a, b and ¢ represents an equilateral triangle.
axb=bxc=cxa =0

23. A vector boplanar to Qi+ j+ k), (i — j+ k) and orthogonal to
(3i + 2+ 6K)

=A@+ j+K)x(-j+k)}x(@i+2)+ 6k)]3=.?»}£21j~7k)
. Required unit vector is + =7k _ . Bl=K)

Jewr+@ V10

k
— 1= 8i
3

B .
24, Here,|u|=1andvxw=2 1 -7j-k
i [ =4e{0)

[vxw|=,9+ 49+ 1=4/59
uvwl=umxw)<|u||vxw|<+/59
25. Since, (@ +b+c)220=3+2%a-b>0

or-2Ya-b<3
la-b|?+|b=c|?+|c-al’=6-2%a-b<9

JEE Main Mathematics inus+ 0 Days

26. Since,a +b+c =0

B = c
a
Taking cross product with a, we get
axb+axc=0
or axb=cxa
Similarly, bxc=axb
; axb=bxc=cxa

27. The vector parallel to the given vectorisa =i + j+ 3k
The unit vector along the line is

_i+j+ 3k _i+j+ 3k
Ji+1+9 NAE]
| Tt . i+ 3k) 5
SlPloffereiien = (4 [l [q) [ 2ol &) &
j G+ ivio (IR 2
28. Since, rxa =bxa
(r-a)xb=0 = (r —a)parallel tob
r-a=mb
= r=a +mb (D
Similarly, for another condition we have equation.
r=b+ na ... (i)

For point of intersection,
a+mb=b+ na
n=1andm=1
= The point of intersection is equal to
a+b=2i-j-2k
29. Since, dis collinear to vectorc,
: c=Ad
= @x+ 3)a +b=2A[@x + 3)a - b]
= 2xa + 3a + b=2)xa + 3\a — b\,
= (@x-2)xa + 3a —3\a)+ (bA + b)=
= (@x-2M&+3-3M)a + (A + Hb=0
@x—2)x+ 3-3%) =0 and(\ + =

= (@x+ 3)—A@2x+ 3)=0andA =-1

= @x+3)(1-M=0

8 x=~§-andl=1
2

30. Leta =2x%i+ 4xj+ kandb = 7i - 2j + xk.
The angle betweena and b is obtuse.

= a-b<0
= 14x% — 8x+ x< 0
= 7X@x-1)<0

XE(o,Ql) | st s
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Also, it is given, b-k = xand kit <cos” =
|b| 6
= x> \/5\/53 + X°
X° > 159

3
2

... (i)

Hence, there is no common value for Egs. (i) and (i).

31. Taking O as the origin, let the position vectors of A, Band C be

a, band ¢, respectively.

Then, the position vectors G, G , and G 3

b+c c+a

are and

a+b _ A
———, respectively.
3
1
Vi=—_[abic
e [abc]
and V; =[0G, 0G, 0G,]
Now, Y, =[0G, OG, 0G,]= [b“ ga 2l . b}
1 2
=—[b+cc+aa+bl==[abc]
27 21
2
=—Xx6V, = 9V, =4V,
o7 1 2 1
32. The vector equation of the line BC is
Ala)
B (b) M C (c)
r=b+ A(c-b)
Clearly, BM = Projection of BA on BC
_BA-BC _(a-b)(c-b)

= |BC| [c—b]

Required distance = AM = | AB? — BM?

. Required distance = \/] =gl = { a

( —Io)-(c—lo)}2

lc-b]

33. It is given that o, B and vy are coplanar vectors

[of v]=
an G
= b ¢ al=0
c-a b
= 8abc—a’ -h® -c?=0
= a®+b%+c®-3apc=0
=(a+b+c)@ +b®+c?—ab-bc
= a+b+c=0
(- a? + b?
= Vaa=v-B=v-y=0

Hence, v is perpendicular to o, § and .

—ea)=0

+ 6% —ab ~be —ca # 0)

Day 31 Vector Algebra A48T

34. We have,b — 3¢ = Aa
Taking scalar product with ¢, we have
(b-8c)c=A(@-c)
= b-c-3(c-c)=A@-a)

(-]a|=|c|=1anda andc are collinear vectors)
= b-c—8=A = bc=8+ X )
Again, b-3c =27a
= |lb—38c|=|ra]|
= lb=3c|?=2%|a?
= |bl*+9|c|?-6(b-c)=4|a
= 36+ 9-6(3+ A)=2? [from Eq. (i)]
= 27 — 6L = )2
= M+ 6L-27=0

A=-93
35. Avector parallel to the bisector of the angle between the vectors
aandbisi+£:a+b
lal [b]
.. Unit vector along the bisector = a- b ——_( b)
la+b| +2
(~.-|a+b!2=|a|2+|b[2+2a~b]
= |la+bZ=1+1+0=2
. Required projection
a b axb 1
={/.[_ﬂ+mm+nlaxb[}f(a+b)=T/+m)
[-la|=|b|=1anda-b=a-(axb)=b-(@ xb)= 0]
36. We have, |ai+bj+ck|=|a|+|b|+|c|

= Ja® + b2 +c? =|aj+|b|+|c|

= B [0F 0 =P R e e 2
(lallbl+]blie|+|c|al)

= |allbl+|bllc|+|c|lal=

= ab=hc=ca=0

Hence, any two of a, b and ¢ are zero.

37. We have,u-n=0andv-n=0

= nluandnlv = n=+ 4%V
[uxv|
Now, uxv=({+jx@i-j=-2k
n=+k

Hence |wen|=](+2j+ 3k):(+ k)|=3

38. Let0be an angle between unit vectors a and b.

Then, a-b =cos 6
Now,|a +b|?=|a | +|b|? +2a-b=2 + 2 cos 6 = 4 cos2 &
2

= |a+bl=2cos§,]a—b|=23ing

= - |a+b|+|la-b|= (cosg+smgj 22

MWW, N0VADJ O[]
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39. We have,|[abc]| =V

Let V; be the volume of the parallelopiped formed by the
vectors o, B and .

Then, Vi =[P ]|
a-a ab a-c

Now, [@B yl=la-b b.b b-c [abe]
asc ctbijlcic

=5 [oB y]=[abc] [abe]

= (@B ¥l = [abe]®

Vi =[loB vl =| labe]® | = V*

40. leta=a +2b+ 3¢,B = Ab + 4candy=@r-1)c

iz 3
Then, [@ B y]=|0 A 4 [abc]
0 O (2R =)

== [ B yl=A @A —1)[abc]

= MBﬂ:QHx=Q% (-[abc]=0)

Hence, o, p and y are non-coplanar for all values of A except two
values 0 and %

41. We have, projection of v along u = Projection of w along u

vV-u_ w-u
= S Y
lul  [u]
E V-u=w-u (D)
Also, v and w are perpendicular to each other.
. v-w=0 ()

.r\'low,lu—v+w|=|u|2+|v{2+|w|2
—2WUu-v)=2(v-w)+2 u-w)

= |u-v+w[?=1+4+9 [from Egs. (i) and (ii)]

= lu—v+w|=+14
42, Wehave,(axb)xc=%|b||c|a
:(a-c)b—(b-c)a:%[bHcla

= (a-c)b—{(b-c>+%|bnc|}a=o

= (a-c):Oandb-c+%[b||c|=O
(since, aand b are non-collinear)
- ]bllcloose+%]b||c|=0
= cose=—1
3
sin® = §=§*3/£
43. a =(a"b)b=>a =a-a _—_a—(a’b)b
1 |b12 2 1 |bl2
Thus, a1xa.2=(,ar'b)2bx a—(a'b)zb =(a-b)(b2><a)
|bl |b] |b]

JEE Main Mathematics inJus+ 20 Days

44. On solving given Egs. (i) and (ii) we getthe point Pis (4, 2) andQ@

45.

46.

47.

48.

49.

can be (1, 2), (2, 2) and (8, 2).
¥/

!

(0,0) X

~.OP =4i+ 2j
and 0Q =i + 2jon2i++ 2jlersi+ 2]
Sum of OQ for three positions 6i + 6.
So, the required projection

_(4i+2j)-(6i+6j)_ 36 _18/5
J16+ 4 25 5

| OP x 0OQ |=| (4i + 2j)x (i + 2))|+ (4i+ 2))x i+ 2])|
+ | (4i+ 2j)x (3i+ 2j) |
=6+4+2=12
Here, OR = - 5i + 2j;| OR| = 6, 7and 8
Maximum is 8.
Sum of projections on Y-axis=2 +2 + 2 =6
So, the required ratio= 4 : 3

The equation of the plane parallel to the given plane is
r-(4i—-12j-3k)+ A =0 ..(i)
Since, this plane passes through 2i — j — 4k.
Therefore, (2i — j — 4k)- (4i—12j - 3k)+ A =0
= 81252 N0
= A=—32
Hence, the required plane isr - (4i — 12 — 3k) = 32.
The equation of a plane through the line of intersection of the
planes
r-(i+3j—k)=0andr-(j+2k)=0 is
{r-(+3j-kK)}+A{r-(+2k)}=0 (i)
This passes through @i + j— k).
Therefore, {(2i + j—k)- (i + 3j — k)}
+A{@i+j-k)-(j+2k)}=0 -
=> R+3+N+A(0+1-2)=0
¢ A=6

From Eq. (i), required plane is
r-(i+9j+11k)=0
In an isosceles AABC in which AB= AC, the median and

bisector from A must be same line.
Statement Il is true.

Now, AD =
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and |AD|2=%-200323 55. (ixa-b)i+ (jxa-b)j+kxa bk
=[iabji+ [ja b]j+ [k a blk
So o o ia
' |AD|—COS§ Let a=ai+aj+ask
Unit vector along AD, i.e., xis given by b= bi+ byj+ bgk
e meDl U el
AD| 5 0s® li-ab]=la, a, a|= (a5 —byas)
2 by by by
50. Since,b=rxa @ k(o)
We have, axb=ax({xa) jabl=la; & as|=(ba5 —abs)
=@-a)jr—@:rra | by by by
=(@-a)r @ @ i
st =0 and [kab]=|a; a, a=(ab, —axb)
e aixb O (oo
| ad liabli+ [jab]j + [kablk
t= a0 = (@505 — byas)i + (byas — aiby)i+ @by — asby)K
51. V=la 1 il=a=i=e’ =axb
0 1
dav 56. /3b=(a +c)
£=1—3a?:o (say) = 3bl®=|al®+|c|* +2a-c
2 = 31)=1+1+2a.-c = 2a-c=1
Now. a:ii and ﬂ——Ga 1 1
3 e => |a||c|cosb=— = cosb=—
: 2 2
= ﬂ =_i(_ve) T
Qa _ il J3 € 9:5
[ @]
: 3 1 57. Since vectorsuand v are collinear
Hence, V is maximum ata= —.
B u=Av
- {(o.—2)a + b} = A2 + 3w)a — 3b}
52. faxb bxc cxa] On comparing, we get
=(@axb)-{(bxc)x (cxa)} P+ 3aA=a—-2 (i)
=(@xb) - {[b:(cxa)lc—[c-(cxa)]b} e 1= —3) =>k=;1
=@xb)-{bca]c -0} 3
=(@xb-c)bcal=[abc]’ (2+3(x)(_—1)=0c—2=>a=g
Since, a,band c are coplanar. 3 3
~fabc]=0andthenfaxbbxeccxal=0 58. |[c-a|=2v2 = |c|? +|a]* -2a-c=8
Hence, a x b, bx ¢ and ¢ x a are also coplanar. i |Cl2+(~/§)2 —2c|=8
53. Ifa:b,thenla]:]bl = |C|2—2|C|+1=0$(|C|—1)2=0
Now,a-b=a-a=|a|? — le| =1
and a.b=b.qz|b|2 Now, axb=2i-2j+k

a-b=la|?=|b]? laxb|=44+4+1=3

g @ xb)xc| =|a xbj|c|sin30° = 3x 1x | = 3
But it is true tha/t', if|a | =| b| does not implies thata = b. _ )
54. Given,a = QE/J' +kb=i+2j-kandc =i+ j-2k 59. We know that, the sum of three vectors of a triangle is zero.

Now, we have; b+ Ac = (1+ Ni+ 2 + A)j + (-1-2A)k A
. Projection of (b + Agona= EI:TC)E = \/% (given)

|2(1-x)—(2+x)+(-1-2x)|=\ﬁ 5 £

[ B | Vs M

{ ; AB+BC +CA=0

i -

= |_J__é_l=%=x+1=2=x=1 = BC = AC - AB

b+ Ac=2i+ 3j- 3k
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= BM = AC ; AB
(since, M is a mid-point of BC)
Also, AB + BM + MA = 0 (by properties of a triangle)
= AB + w ~ AM
= AM = w
- dl drell =2 4k=4i—j+ e
|AM| = /42 + 12 + 42 = /33

60. Given that,
() a andbare unit vectors, ie., |a | =|b| =1
(e =a +2bandb = 5a - 4b
(i) c andd are perpendicular to each other, i.e., c-d = 0
Now,c-d=0 = (a+2b)-(5a —4b)=0

= ba-a-4a-b+10b-a—-8b-b=0
=> 6a-b=3

= a-b= 1
2
So, the angle betweena and b is g

61. Given,
(i) A parallelogram ABCD such that AB =g and AD = p.

(i) The altitude from vertex B to side AD coincides with a
vectorr.

D C

A > B
q
To find The vectorr in terms of pand g,

Let E be the foot of perpendicular from B to side AD.
AE = Projection of vector g
AE = Vector along AE of length AE

—| AE| AE = @-PP
[P
Now, applying triangles law in AABE, we get
AB + BE = AE
= q+r=£9_%9.
|pl
@ PP _ - [q-p]
= r= gk ——— (P
P PP
: 1 | B M
62. Given, a=-—— (3i+k) and b=—Qi+3j-6k)
«/ﬁ( ) 7( i

. (2a -b)-{@xb)x (@ +2b)}
=(2a —b)-{(a xb)xa + (a x b)x 2b}
=(2a-b){@-a)b+(b-a)a+2@ b)b-2 (b b)a}

63.

64.

65.

66.

JEE Main Mathematics inJust 240 Days

=(2a —b)-{1(b)~ (0)a+2 (0)b-2 ({)a}
{a:b=0anda-a=b-b=1}
=(a -b)(b-2a)=—(4|a|® + 4a b+ [b?)

=—{4+0+1 =-
Given,a-b#0,a-d=0 (1)
and bxec=bxd
= bx(c-d)=0
bl| € -d)
= c—-d=2Ab
= d=c-Ad . (if)

Taking dot product with a, we get
a-d=a-c-2Xa-b

= O=a-c-A(@-b) [from Eq. (i)]
a-c
= N (il
~ (i)
d=c-8%y
@-b)
As a + 3b is collinear with c.
= a + 8bi="Ac (i)
Also, b + 2¢ is collinear with a.
= b+2c=pa (i)
From Eqg. (i), a + 3b+ 6c =(A + 6)c .. (i)
From Eq. (i), a + 3b+ 6c = (1+ 3u)a o (iv)

From Egs. (iii) and (v), we get
A+6)c=(1+3u)a
Since, a is not collinear with c.

= A+6=1+3u=0
From Eq. (iv), a + 3b+ 6¢c= 0
Given, a=pi+j+k b=i+gj+k and c=i+j+rk are

coplanarand p#q # r # 1.

Since, a, band ¢ are coplanar.

= [abec]=0
19 il

1 g 1=0
il ol
= pgr=-N-1r-0)+1(1-g)=0

= pgr—p-r+1+1-g=0
pyr—(p+q+r=-2

We have, axb+c¢=0

=5 ax@xb)+axc=0

= (a-bja—(a-ap+taxc=0

= 3a-2b+axc=0

= 2b=3a+axc

= 2b=3j-3k-2i—j—k

=-2i+2j-4k

b=-i+]j-2k

MWW, N0VADJ
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67. Since, the given vectors are mutually orthogonal, therefore

a-b=2-4+2=0
a-c=A-1+2u=0 )
b-c=2A+4+p=0 ...(it)
On solving Egs. (i) and (ii), we get
p=2 and A=-3
Hence, A ) =(-3,2)

68. Since, [3upv pwl-[pvwqgul-Rwgvqu)=0

. 8% [u- (vx W) — pg [V (Wxu)]-2g° [w-(vxu)=0
= (80" - pg +29%)[u- (vx w)]=
But uvw]=0
= 8p° - pg +29% =0
p=q=0

69. Giventhat,b=i+ jandc=j+k

The equation of bisector of band ¢ is
k) A : "
r=Ab +c)=A (H] Lf__ - i+ 2]+ k) .. (i)
% B2

Since, point a lies on BC.

W W
$G+2J+k)—ﬁ+l)+p(l+k)

On eqguating the coefficient of i both sides, we get

A iy
A

= N=AD
On putting A = v2 in Eq. (i), we get
r=i+2j+k
Since, the given vector a represents the same bisector
eqguation .

¥ o=1andf =1
Alternatively
Since, a, b and ¢ are coplanar.
a 2 B
= 1 1 0=0
ORI

= odl-0)-2(1-0)+p1-0)=
— o + B =2 which is possible fore = 1h[5 =1l

70. Since,a = 8bandc=~-7b

So, a is parallel toband ¢ is anti-parallel to b.
Since, a and ¢ are anti-parallel.
So, the angle betweena and ¢ is .

71. The volume of the parallelopiped with coterminus edges as

a, bandcis given by[a b cl=a-([bxc)
aa ab ac 2 2 ;

Now,fa bcf =|ba bb bec|={1/2 1 12 =
ca cb ecc| [1/2 12 A1

== [abc]=—1—cu unit

V2

Day 31 Vector Algebra

72. Let (2ux 3v)is a unit vector.

5 |2u><3v[=1
E> 6lul|v||sing =1
sinf=—

6

Hence, there is exactly one value of @ for which (2u x 3v)is a unit
vector. :

73. Let|BC| =/

in AABC, I=|ABZ + AG?

tan® = A—B

AC
B
D

A ————Onc

= sinO:é/ﬁand cosezélg

Resultant vector = l i o [ | — ]
L/sm 8 lcos6
G=

AB- AC
/

In AADC, AD = AC sin@ =/sinBcos

.Magnitude of resultant vector

1( 1 1 ) / 1
= + = ==
2 (sin26 cos?6/) (AB)(AC) AD

74. The lineis parallel tothe plane. Since, (i—j + 4K)- (i + 5] + k) =

(i—j+ 4k)-(+ 5j+ k)= 0Now, the distance between the line
and the plane is the distance of 2, -2, 3) from the plane
X+ 5y+z-5=0

|2-10+3-5| _

ie., -
Ji+25+1 sf

75. Given _lbllcla @xb)xc=(c-a)b-(b-c)a

1
b-c=-—|b||c
3I [lel

=> cose=—-1§ = sin(-):g_

“l%

76. Now, (U — V)X (V—W)=UXV+VXW+WXUu

LU+ VWU V)X (V= W)
\ =U+V-W) UXV+VXW+WXU)
=U-VXW+V-WXU—W-UXV
=U-VXW

77. Here, c=Dbxa

ik
=0 1 0|=zi-xk
xesynz

i

s

o
}

1|
i
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Dag 32

Coordinates of a Point in a Space

The three mutually perpendicular lines in a i
Outl Ines space which divides the space into eight parts il ’
» T bk are called coordinates axes. The coordinates of - X
2 Coordinates of a Point in a a point are the distances from the origin to the o
Space feet of the perpendiculars from the point on the 2=0
S Section Formula respective coordinate axes. The coordinates of
o  Direction Cosines and any point on the X, Y and Z-axes will be as y
Ratios (x,0,0) (0,y,0) and (0,0,z) respectively and the A ;
coordinates of any point will be as (x, y, z). Z 0(0,0)
O Plane
o dine : Sign Convention of Coordinates of a Point in Space
‘ Octant Coordinate X y .
oxvz + + -
y (0).6074 = + -+
) oxY'Z + - +
o ST - ; oxYZ’ * + b
¥ Gz 5 = +
XZ = + <
@7 A = =
Gl - s -
St S e —— b LA
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Day 32 Three Dimensional Geometry

Distance between Two Points

The distance

between two points Ay, ¥4y 2q) vand
B(x,,y,,2,)is

| AB| = \’[‘: - -'1)2 (¥ = y,) +(z, “21)2

Section Formula

If M (x, y, ) divides the line joining of points P (x;, y,, z,)
and Q (x;, y,. z,) in the ratio m: n, then

For Internal Division

g G tOX, . my, + 10y,

TN m+n

mz, + nz
Sl e et Rt §

ol -+ n
For External Division
TG TIX my, — ny,

X ’J):
J0pb—Jgl

m-—n
. 5 - M2 —nz,
m-—n
The coordinates of the mid-point of the line joining of
P (xy, ¥4,2,) and Q (x,, y7,, 2,) are

(X1+X2 Vit Y, zl+zzj

3

0, Dl D

Direction Cosines and Ratios

If a vector makes angles o, and y with the positive
directions of X-axis, Y-axis and Z-axis respectively,
then cos @, cos 3 and cos v are called the direction cosines
and it is denoted by I, m,n ie., I=cosa, m=cosp and
7= gos .

If numbers a, b and ¢ are proportional to I, m and n
respectively, then a,b and c are called direction ratios.

Plane

A plane is a surface such that line joining any two points of the plane totally lies in it.

Equation of a Plane in Different Forms
1. The general equation of a plane is ax+by +cz+d =0 and @ +b* +c* #0, where, a,b and ¢ are the DR’s of

the normal to the plane.
{i) Plane through the origin is ax + by + ¢z =0. ,
(ii) Planes parallel to the coordinate planes (perpendicular to coordinate axes) x =k parallel to YOZ plazie
v = k parallel to ZOX plane z = k parallel to XOY plane

Thus, a,b and c¢ are the direction ratios of a vector,
. S
provided — = — =—
a. b e

a
Wiherel Si= S
J@& +b* +c?

: b @
=

4t AUDNE| 7l = e e
il e o 4 Jo%

(i) If a vector r= ai +bj+ ck having direction cosines

a b c
I,mend n.then I=— m=—andn= —

r| [x] xf
where, 2.5 and ¢ ure direction ratios of r.
Direction ratios of the line joining two points
P(xy, vy, 2,) and¥@(x)y, 'z, Pare’ s =y e ey
z, — z, and its direction cosines are

=

(ii

%= % WsVa %%
[PQ| ~ |PQ| " |PQ]

(iif) If P (x, y, 2) is a point in space, then

(@ x=I|r|,y=m|r|,z=n|x|
(b) I| x|, m|r|and n| r|are projections of r on OX, OY
and OZ, respectively.
(¢) r=|r|{i+ mj+ nk)and r =i + mj + nk
(iv) The sum of squares of direction cosines is always
unity ie., I® + m® +n® =1
(v) DC’s of X-axis are (1, 0, 0), Y-axis are (0, 1, 0) and
Z-axis are (0,0, 1).
(vi) Direction cosines of a line are unique but direction
ratio of a line are not unique and can be infinite.
(vii) The DGC’s of a line which is equally inclined to the
1 1 il
£t J§ o :/? s Ej
(viii) If G (o, B,7) is the centroid of AABC where, A is
(X1, ¥1,2,) and B is (x;,, y,, 7,), then coordinates of G
s(30~x; - %, 3B — yy = 5,37~ 2, — 2,).
(ix) If , m and n are the DC’s of a line, then the
maximum value of Imn = ——

33"

coordinate axes are (
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(iii) Planes parallel to coordinate axes
by +cz+d =0 parallel to X-axis
ax + ¢z + d =0 parallel to Y-axis
ax + by +d =0 parallel to Z-axis

2. If a,b and ¢ are the intercepts of the coordinate axesithon =TV AUE 2 1

@ o @
It meets the coordinate axes at A (@,0,0),B(0,b,0) and G (0,0,¢).

3. If /, m and n are DC’s of normal to the plane, P is the distance of the origin from the plane, then Jx + my+nz=p>0
4. If a plane meets the coordinate axes in A, B and C such that the centroid of the A ABC is the point (p, q, r), then the

equation of the plane js X + ¥  Z _ 3s. (where, s = semi-perimeter of triangle)
PRGN

Results on Plane

1. Plane through a point (x;, y,, z,) is a (x - X)+b(y-y))+c(z— %) =0
2. Plane through two points (xy, y,, zy) and (x,, y,, z)isa(x-x,)+b (y -y +c(z=- 7)) =0
where, a(x, — X1)+b(y, - y,) ez =7 ) =0
3. Plane through three non-collinear points (x,, Y1,21), (%, ¥,,2,) and (%3, 3, 2,) is ;:——)){(11 }Z ——J;ll Zi_—?I =0
SSRGS i 2 =
4. Plane ax +by +cz+d =0 intersecting a line segment joining A (x,, y,, z,) and B (x,, y,, z,) divides in the ratio
ax, +by, +cz, +d
ax, +by, +cz, +d
(i) If this ratio is positive, then A and B are on opposite sides of the plane.
(ii) If this ratio is negative, then A and B are on the same side of the plane.

5. If@ be the angle between the planes a;x + b,y + ¢1z2+d; =0and g x + b,y + ¢,z +d, =0, then

D ] ’ 0,0, +bb, +cyc, ’
W@ +b2 +2 J& +52 +2|

6. Distance of a point (x,, Y1,24) from the plane ax + by +cz+d =0 is w
@ +b? +c?
Distance of the origin is ld| g
@ +b? + 2
,dl = dzl
@ +b? +¢?

8. Any plane passing through the line of intersection of the planes ax+by +cz+d =0 and QX +by +ez+d, =0is

7. The distance between two parallel planes ax + by +cz+d;=0and ax +by +cz +d, =0 is

(ax +by +cz+d) + Aajx + b,y +012+di) =0

9. The equation of the plane passing through the points (X1, ¥1,21), (%5, 75, 2,) and (e5spiiza)) Suchiithay
Y =X Y, t 2 =% stz —k (say)is x+ y +z =k,

10. A variable plane passes through a fixed point (e, 3, v) and meets the coordinate axes in 4, B and C. Then, locus of the

point of intersection of the planes through A, B, C and parallel to the coordinate planes is & + L s

X Lya
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Line

of any two planes. In other words, two intersecting planes determine

A line is the locus of the intersection
a straight line.

Equations of a Line in Different Forms

1.

lfax+by +cz+d, =0 and a,x + b,y + ¢,z +d, = 0 be the equations of any two planes, then taken together
ax+bx+cz+d, =0=a;x+b,y +c.z + d, gives the equation of straight line.

The symmetric form of equation of line is >—P1-Y " P2 _Z2-Ds
g, b q3

, where (p,, p,, p;) is a point and
(qlqu,Q3) is DR’s.

The parametric equations of a line through (a;, a,, @) with DC’s I, m and nare x = q, + I, y = @, + mr and
zZ=aq +nr

Line through two points A (a;, a,, ;) and B (b,,b,,b,) is
XK=y =y e 0y
by-a b,-a, b;-gq

Its vector form isr=a + A (r —a).

Angle between Two Intersecting Lines

1. If DR’s of two lines are a;,b;, ¢, and @,,b,,c,, then cos 6 =

ajarEhbEee;
J(@ +b% +2) (& +b3 +c2)

(i) For parallel lines, ailb o
G O G

(ii) For perpendicular lines ¢;a, + b;b, + ¢,¢c, =0

2. Angle between two lines with DCs I,m;,n, and L,m,,n, is cos‘(], + mym, + n,n,) or

Print to PDF without this m e

sin™ (\/;(mmz = mznl]z}

(i) For parallel lines, e
oy L)

(i) For perpendicular lines, /;1, + mym, + mn, =0

it (1
» The angle between any two diagonals of a cube is cos ! (—_J;)

il 2
» The angle between a diagonal of a cube and a faces is cos ' [\/;J

=l
» The angle between the diagonal of a cube and edge of cube is cos ' (_ﬁ)

» If a straight line makes angles o, B, y and 8 with the diagonals of a cube, then

4
cos? o + cos® P + cos? y + cos” =
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Skew-Lines

neither parallel nor in tersecting are called skew-lin
are those lines which do not Jie in the same plane.

Two straight lines in q space which are

es. Thus, skew-lines

Shortest Distance between Two Skew-Lines

which is known as the line of shortest d1stance

The shortest distance between two lines I, a

of shortest distance intersects the two given hnes

1. Vector Form

The shortest

nd /, is the distance PQ between the points P and O, where the line

: Angle between a Line and
distance between ’twoC sﬁez\gl;n;)s‘ 1 Plane
r=a+kbandr=c+udisgivenbySD=—_—'5 o = 4
|bxd| | If angle between the line, 2=t =¥ =% _ 2=
a b €
2. Cartesian Form and the plane ax + by + ¢,z + d =.O isie, then (90° —8)is
The shortest distance between the lines the angle between normal and the line i.e.,
X_Xlzy_YIzz_Zl’ =R VoV I g cos(90°—9)=/ aa1+§b1+26012 2’
y b, i % % €2 ‘\/a2 AR e (
SD =|(x; = %,) + (y1 — y,)m + (2, — z,)n|
Coplanar Line

A line which is in the same plane as another line. Any two intersecting lines must lie in the same plane and

therefore will be coplanar.

Condition for Coplanarity of Two Lines

1. Vector Form

Two lines r=a+A b and r=c+pd are coplanle’trdor
intersecting, if (a —c)-(bxd)=0 = [abd]=[cbd]

o Cartesian Form

. Xe—= 1_y—.V1=Z—Zl
The lines 7 i o
X"'Xz=y—.VZ=Z—Z2
and I ———mz 1,
X =% Yo~V Zzn_zi_
are coplanar, if| 1 L 1

J5 m, 1,

Some Important Results

1. If A(xy,54,24),B(%,¥2,2,) and C(%3,y5,24) are
the vertices of a AABC, then the

(i) Centroid of triangle =(X1 Xt X K 5;2 J 3)
g 1 j k
(ii) Area of AABC =~ X% - X Vo=V % —2
X3=% Vs—h B—2

(iii) If area of AABC =0, then these points are
collinear.

2. Centroid G, Incentre I, Excentres I,,I, and I,

Orthocentre O, Circumcentre S of a triangle are
given by
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myX, + MyX, + MyXy MY, + MY, + My Vs %R, P TR Ve R
) y e ) ’
m, + m, + my m, + m, + m i) Centroid 5 t

Mz, + MyZz, + Mz, ’ ’ Wie Zy+ 2+ 23 t 24

\ m+m+m ) 4
where A (X, V1, 2y), B (%, ¥y %) and C (%, V3, %) (ii) Volume
are the vertices of AABC. 1 1% S g 2N i
=~ |ABXAC-AD|==|% =%, V3 = V1 Z3 — 24

\ m; \ m, ‘ my 6 6|X4—X1 Va—Y1 Za— 4
G 1 1 1 (iii) If two pairs of opposite edges are perpendicular,
/ sin A sin B sinC then the third pair is also perpendicular.
f —sin A sin B sinC 4. A variable plane is at a constant distance p from the

in A —sin B i A g

/2 z:: A :: g zli:(é origin and meets the axes in 4, B and C. The locus of
3 | = - - L =
0 - v N the centroid of the AABC is s SR A
S sin2A sin2B sin2C 5. A variable plane is at a constant distance p from the

origin and meets the axes in A, Band C. The locus of
the centroid of the tetrahedron OABC s
el i z2t=16p°.

3. Four non-coplanar points A (xy, Y1 241),B(%, Y21 Z2)5
C (%3, ¥3,2;) and D (X4, Vs z,) forms a tetrahedron
with vertices A, B,C and D, edges AB, AC, AD, BC,BD
and CD, faces ABC, ABD, ACD and BCD, then

------ Important Points Related to Line and Plane

« Foot of the perpendicular from a point (X3, ¥+, z,)on the plane ax + by + ¢z + d =0is (X, ¥, 2),
X=X _Y=Y1_2-%Z _ (e + by; + 6z +d)

where
a b c b e

« Image of the point (x;, 1. z,)in the plane ax + by + ¢z + d =0is (X, ¥, 2)
K=ok W=V ZS A 2(ax, + by + ¢z +d)
H ere e e T A S I s
¥ i a b c a2prcE

: ) ko= Xy Vo= Ve 2oy
+ Four points (x;, ¥, Z) where / = 1,2, 3and 4 are coplanar, if |xg = X; Y3 = Y1 23~ z|=0:

Xy =Xy Yo=Y 28=4
b1_c1

- a d
¢+ Two planesa1x+b‘y+c‘z+d1=O,a2x+b2y+czz+d2=0areComc1dent,—1=———:—i
a b, Cy

a
« Parallel, if —= b t00 ] Perpendicular , if a@, + bibp +€1C2 = 0
a by €2 do
« Apoint A (xy, 4, Zy)lies o doest not lie between the parallel planes ax + by + ¢z + d; =0, wherei =1,2. according as
axy + by, +czy +d; w0 el
axp + by, +CZ, +d,

. Planes bisecting the angle between two intersecting planes a;x + b1y +C4Z +dy=0and

X+ byy +04Z +d4

: a byy +CpZ +d
a,x + byy + o7 +dp = 0are given by Sy lex s e 2)

2 2 2
a2 + b2 +c? & + b +¢5

(i) If @@, + bibp +C€2 <0, then origin is in acute angle and the acute angle bisector is obtained by taking

A

positive sign in the above equation. The obtuse angle bisector is obtained by taking negative sign in the
above equation.

(ii) if a@, + byby +C€2 >0, then origin lies in obtuse angle and the obtuse angle bisector is obtained by taking
positive sign in above equation. Acute angle bisector is obtained by taking negative sign.

D .' . i d( i i cl d
4 AL D D 0 0, PD D:
§ DU} (14 NQ N 4 (LLL NWW.N0VADO Ol
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- The angle between a diagonal of a cube and an edge of the

cube intersecting the diagonal is

e (b) cos-1\[5
3

(@) cos™'_
3
(¢) tan~'\2 (d) None of these

- The equation of the plane through (3 1, - 8)and (1, -2, 2) and

parallel to the line with DR’s 11, -2is

@ x=y+z+1=0
€ x—y—-z-1=0

b) x+y-z+1=0
d x+y+z-1=0

. The equation of the plane through the line of intersection of

the planes x+y+2z-1=0 and 2X+y—-8z+2=0
passing through the point (1,1 1)is

(@) x-4z+3=0 b) x=y+z=1

(€ x+y+2z=3 (@) 2x—y+ z=2

. The angle between the lines whose direction cosines are

given by2/ —m +2n = 0,/m+mn+nl = 0, is

T i 19
(@) = (b) o (©) = (@) >

. Aline makes an angle 6 with X and Y-axes both. A possible

value of 8 is in

o[oz] of53] ol

ofo3]

. A plane passes through the point (1, -2, 8) and is parallel to

the plane 2x -2y + z = 0. The distance of the point (-1,2, 0)
from the plane, is

(@ 2 (b) 3
() 4 (d) 5

The angle between the lines whose direction cosine are
givenby/ +m+n=0and/?+ m? —n®=0, is

r E (] E d o
(a) - (b) 7 (© = (d) =
The shortest distance between the lines
x+1=y+1=z+1andx—3=y-—5'=z—7 is

[NCERT]

7 6 1 =2
(@) /29 units
(c) 29 units

2

(b) 29 units
(d) 2+/29 units

10.

11.

117

137

14.

15.

16.

- The volume of the tetrahedron formed by coordinate planes

and2x + 3y + z=6, is

(@ 5
(c) 6

(b) 4
@ o

The foot of perpendicular from (0,2,3) to the line
X+ 3 Vs 7

B
(@) (-2, 3 4) (b) @ -1 3)
© @38 -1 @ 32 -1

Ifthe points (1,2, 8) and (&, ~1,0)lie on the opposite sides of
the plane 2x + 3y — 2z = k. then

(@) k< (b) k>2

(€) k<lork>2 (d) 1<k<2

Find the distance of the plane x + 2y — z =2 from the point
(2 =1, 3)as measured in the direction with DR's @2,1).

(@ 2 (o) =8

© =2 (d) 8

Find the planes bisecting the acute angle between the
planesx—y+22+1=0and2x+y+ Z a0 2= 0),

(@ x+z-1=0

b) x+ z+1=0

€ x—=z-1=0

(d) None of these

Let L be the line of intersection of the planes 2x + 3y + z = 1

and x + 3y + 2z =2. If L makes an angle o with the positive
X-axis, then cos a is equal to

(@ 1/2 (b) 1

(© 1/42 (d) 1/4/3

If the orthocentre and centroid of a triangle are (-3, 5, 1) and
(8 8 —1)respectively, then its circumcentre is

(@) (6,2,-2) (b) (1,2, 0)

() 6,2 2 (d) 6.-2 2)

A vector ris inclined at equal angles to OX, OY and OZ, I the
magnitude of r is 6 units, then r is equal to

@ V3 (+j+k) B) = VB i+ j+k)

© =28 (i+j+k) (d) None of these
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17. The coordinates of the point where the line through
@ -4 _.5) and (2, - 3, 1)crosses the plane passing through
three points (2, 2, 1), (3 0, f)and (4, -1, 0), is

[NCERT Exemplar]
(@ (12,7)
© (1.-2,7)

b) (-1,2,-7)
(d) None of these
18. The perpendicular distance of P (1,2, 3) from the lines
X-6 y-7 z-7.
= = is
3 2 -2

(@) 7 () 5
(©) 8 d 0

19. The shortest distance between the diagonals of a
rectangular parallelopiped whose sides are a, b,c and the
edges not meeting it, are

@ bec ca ab
\/bz I \/CT_ o \/32 052

) bc ca ab
\ﬁ)z 5 16= \/CT-F a° \/az 2 o

2bc 2ca 2 ab

(©)

Jo% o7 7 & e b
(d) None of the above

20. The pointsi— j+ 3k and 3i + 3j + 3k are quidistant from the
planer- (5i + 2j — 7k) + 9= 0, then they are
(a) on the same sides of the plane

(b) parallel of the plane

(c) on the opposite sides of the plane

(d) None of the above

21. 1] x| >| ya [+ z 1] y2 | >] X |+ 2Zp|and| zg| >| X |+ ¥a |
then xi + y4j + ziK, Xpi + Y] + Zk and Xai + Yai+ zzk are
(a) perpendicular
(b) collinear
(c) coplanar
(d) non-coplanar

22. A line L, passes through the point 3i and is parallel to the
vector —i+ j+k and another line L, passes through the
point i+ j and is parallel to the vector i+ k, then point of
intersection of the lines is
(a) i+2j+.k
(b) 2i+ j+k
(c)i-2j-k
(d)i-2j+k

23. The AABC is such that the mid-points of the sides BC, CA
and AB are (/,0,0), (0,m, 0), (0,0, n), respectively. Then,
AB? + BC? + CA?
o T

2 5 is equal to
+mc+n

(@) 2 (b) 4
(c) 8 (d) 16

24.

25.

26.

27.

28.

29.

30.

31.

32.

443

If 1, my, ny and I, my, n, are the direction cosines of two
mutually perpendicular lines, then the direction cosines of
the line perpendicular to both of these are [NCERT]
@) myn, + myny, Nily + Nyl lymy + oy
(o) myny — myny, mily = Mol himy = lomy
(©) mmy, — mny, MmNy = hils, bl = Mymy
(d) mm, + mny, min, + Ll hip + mym;

A plane is such that the foot of perpendicular drawn from
the origin to it is 2, —1,1). The distance of (12, 8) from the
plane is

(a) 8/2 (b) /32

(@52 (d) None of these

Aand B are two given points. If C divides AB internally and D

divides AB externally in the same ratio. Then, AC, AB and
AD are in

(@) AP (b) GP
(¢) HP (d) None of these
The projection of the line segment joining (2, 5, 6) and

(8, 2, 7) on the line with direction ratios 2, 1, -2, is
1
@ — (o) z (© 2 (d 1

The plane passing through the point (-2,-2,2) and
containing the line joining the points (1, =1, 2) and (1,1,1)
makes intercepts on the coordinate axes and the sum of
whose length is

(@) 8 (b) 6

(© 12 (d) 20

If the plane x + y + z=11s rotated through an angle 90°
about its line of intersection with the plane x —2y + 3z = 0,
the new position of the plane is

(@) x—5y+ 4z=1 (b) x—56y+ 4z=-1

() x—8y+7z=2 (d) x—8y+7z=-2

OABC is a tetrahedron such that OA=0B =0C =k and

each of the edges OA OB and OC s inclined at an angle 6
with the other two, then range of 8 is

o] o[z
o el

OABC is a regular tetrahedron of unit edge. Its volume is

1 1
@) T? (b) :/?
(© 3—J_2= (d) -é;/——é-

A plane passes through (1, -2, 1)and is perpendicular to two
planes 2x —2y + z =0 and x — y + 2z = 4 The distance of
the plane from the point (1, 2, 2) is

(@ 0
(c) 2

(b) 1
(d) 22
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33. A variablg plane at a distance of 1 unit from the origin cut
the coordinate axes at A B and C. If the centroid DN Z)

of AABC satisfies the relation i + 1— + — =k, then k is
X2 y2 22 }

equal to
S O
(©) 5 (d) 9

34. if o B ,yand & are the angles between a straight line with

the di ¢ :
the diagonals of a cube, then sin2 o + sin? B +sin? y+sin®s

is equal to
s S
(&) & (b) §
S 3
(C) 121 (d) None of these

35. A plane meets the coordinate axes in A, B and C and
(@,B, y)is the centroid of the AABC. Then, the equation of -

the plane is
X y z SX S 37
Ry T ey (o)) == b el Liss |
SOl BB N8y )OL B 0

€ ox+By+yz=1 (d) None of these

36. The direction cosines to two lines at right angles are (1,2, 3)

and (—2, %%) then the direction cosine perpendicular to

both the given lines are

[25° 19 [729 (b)\/ 24 /38 \/730
V2198 2198 \2198 V2198 V2198  \ 2198
1 =7
i S s
© 3 2

(@

(d) None of these

37. The equation of the plane passing through @, 1,5) and
parallel to the plane 3x — 4y + 6z = 4is

(b) 3x—4y+ 5z+21=0

(d) 3x—4y+ 5z+17 =0

(a8) 83x—4y+52z-27=0
(c) 3x—4y+ 5z+26=0

38. The equation of the line passing through the points (3, 0, 1)

and parallel to the planes x + 2y =0 and 3y —z=0,is
[NCERT Exemplar]
z-1 K=8 W0 a
L A YA N

© ¥—8 _y-0_z-1 (d) None of these
3 1 -2
Directions (Q. Nos. 39 to 41) Two lines whose equations are
g =2 z-1 x=2_¥=3_222 jio in the same
o e N fi%e S 2gennid
plane.
39. The value of sin™" sinA is equal to
s (b) ©—3
@g . (d) m—4
O e~ .

JEE Main Mathematics i j.s 40 Days

40. The point of intersection of the lines lies on
@) 3x+y+ z=20 (b) 2x+ y+ z=25
(©) Bx+2y+ z=24 d x=y=z

41. Angle between the plane containing both lines and the
plane 4x + y + 27 = 0fs equal to

@ Z ©
© % d)loos (E %
6 (d) cos Wi

Directions (. Nos. 42 and 43) Consider the lines

G ) = o
e Y e 2RI X2 2 ES
3 1 2, 1 2 8
42. The unit vector perpendicular to both Lyand L,, is
—i+ 7]+ 7k —i—7j+ 5k
(i s o ol
J99 Y S
—i+7j+ 5k 7i—7j—k
© ———— df=—— =
573 9 s

43. The distance of the paint (1,2, - 1) from the plane passing

through the point (-1,-2,—1) and whose normal is
perpendicular to both the lines Lyand Ly, is

2 7 23
@) 77—€ (o) ﬁ (©) 2v/3 (d) ﬁ

Directions (Q. Nos. 44 to 48) Each of these questions contains
two statements : Statement | (Assertion) and Statement Il
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given below.

(a) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement [.

(b) Statement | is true, Statement Il is true; Statement Il is not
a correct explanation for Statement .

(c) Statement ! is true; Statement Il is false.

(d) Statement | is false; Statement Il is true.

44. Statement | A point on the straight line 2x + 3y — 4z =5
and 3x —2y + 4z =7 can be determined by taking x =k
and then solving the two equations for y and z, where k is
any real number.

Statement Il If ¢’ # ke, then the straight line
ax+by+cz+d =0, kax+kby+c’z+d =0, does not
intersect the plane z = a, where o is any real number.

45

Consider a line is perpendicular to the plane, then DR's of
plane is proportional to the line.

lines

X =1
Statement | The =i =—=——and

X=2_y+1_Z .o coplanar and equation of the plane
1 3
containing them is 5x + 2y — 3z = 8=0
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Statement Il The line 5;—2 g il 2 is perpendicular to
2 3

the plane 3x + 6y + 9z - 8=0 and parallel to the plane
X+ y—-2=0

46. Consider the lines

L CERIN R 2 2 L =20 Y2 7=8
e R e e e A% = = .

3 1 2 5 e 2 3
Statement | The distance of the point (1, 1, 1) from the plane

passing through the point (-1, —2, —1) and whose normal is

perpendicular to both the lines Liand L, is _13v
5/3
Statement Il The unit vector perpendicular to both the lines

. . —i=7j+ 5k
Lyand L, is T

47. Consider the intersection of 1

WO wmes,

P + AP, =0

Statement | The plane 5x +
2X—y+z—3=0and 3x+ Y
to2x—y—5z_3=o

Statement Il The plane ??x +y
x—1=y+1=z-1atthe point (1,1 1)-

0z -8=0 con
+Z:5and s

. Consider the points A (2, 9,12), B(18 8, C(

D (-1,12,12) are the vertices of @ quadrilateral,

C and D are the vertices of a

Statement | Vertices A B
rhombus.
Statement Il AB=BC =CD = pAand AC # BD.

AIEEE & JEE Main Archive

o =i 2 =
49. h‘thelinesﬁjzy—lzziandhh:y k=£are
2 1 3 2 3 4

coplanar, then the value of k is [JEE Main 2013]

- aell 2 =
(@) 5 (0) 5 © > (d) >

50. A vector nis inclined to X-axis at 45°, to Y-axis at 60° and at

an acute angle to Z-axis. If nis a normal to a plane passing
through the point (Jé, —1,1), then the equation of the
plane is [JEE Main 2013]
(@) 42x+ Ty + z=2 ()2 x+ y+z=2

() 3J2 x—4y—3z=7 (d)~2x—y—z=2

51. Let Q be the foot of perpendicular from the origin to the

plane 4x —3y + Z + 13=0 and R be a point (- 1,1, —6) on
the plane. Then, length QRis [JEE Main 2013]
19 i 3
1 b) .[— (c) 3.|= o)==
(a) vi4 ()\2 () VQ ()JE

52. The acute angle between two lines such that the direction

cosines [, m, n of each of them satisfy the equations
I+m+n=Oand/2+m2—n2=Ois

(a), 45° (o) 30°
(c) 60° (d) 457

53. If the projections of aline segment on the X, ¥ and Z-axes in

3-dimensional space aré 2, 3 are 6 respectively, then the
length of the line segment is [JEE Main 2013]
(& 12 (b) 7 (c) 9 (d) 6

54. The equation of a plane through the line of intersection of

the planes x +2y = 3y-2z+1=0 and perpendicular to

the first plane is {JEE Main 2013]
= = ) 2x—y+7z=11

(@ 2x-Yy 10z="9 (

(c) 2x—y+102=11 (d) 2x—y—9z=10

. If the lines =

. An equation of a plane parallgl

55. Let ABC be a triangle with vertices at points A@, 3, 5),

B(-1,32) and C(A, 51) in three dimensional space. If the
median through A is equally inclined with the axes, then
(\,)is equal to [JEE Main 2013]
(@) (10,7) (b) (7, 9)
(c) (7,10) @ (67)

. Distance between two parallel planes 2x + y + 2z = 8 and

4x +2y +4z+5=0is

@ 02 ©

=

[AIEEE 2013]
9

-2 -3 z- s
= = 4 and 2
1 —k k
are coplanar, then k can have

[AIEEE 2¢
(a) any value (b) exactly one value =
(d)

(c) exactly two values exactly three values
x=1 y+1 z-1

.lf the line —=——=—
> 3 7 and

intersect, then k is equal to
2

(8) 1 () £ © 2
9 2

—2y+2z-5= itdi B
X—2y +22 = 0 and at a unit distance from t i

he origin j
gin is
B) x—2y+ 25, 1[:!(555 2013
@) x-2y+225 52 ¢
If the angle between the line x = Y= p2ey
2

=—

. A and the plane
2 =4j e :
X+ 2y + 3z = 4iscos (J; ) then & is equal to

3 5
@) 5 (0) B (©) -

(@ x—2y+2z+£3=0
() x-2y+2z-1=0
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61. The length of the perpendicular drawn from the point

@-11iN)totheline X =¥ =2 e g
2 3 4 [AIEEE 2011]
(@) V66 (b) V29 (c) V33 (d) /53

62. The distance of the point (1-59) from the plane

=¥+ Z=5measured along a straight line x = y=zis
[AIEEE 2011]

d) 3J10
63. Statement | The point A (1,0,7) is the mirror image of the

point B (1, 6, 3)in the line X 1 Sl ; 2

@ 35 b) 10v3 (©) 5v3

2
Statement Il The fine X =Y ~-12-2
1 2 3
Segment joining A (1, 0, 7) and B (1.6 3). [AIEEE 2011]
(a) Statement | is true, Statement | is true; Statement Il is a
correct explanation for Statement .
(b) Statement | is true, Statement || is true; Statement Il is not
a correct explanation for Statement |.
(c) Statement | is true; Statement Il is false.

(d) Statement | is false; Statement Il is true.

64. A line AB in three dimensional space makes angles 45°
and 120° with the positive x-axis and the positive y-axis,
respectively. If AB makes an acute angle 6 with the positive
z-axis, then 8 equals [AIEEE 2010]

(a) 80° (b) 45° (c) 60° (@) 75°

65. Statement | The point A(3, 1, 6) is the mirror image of the

point B(1, 3, 4) in the plane x—y + z = 5.

Statement |l The plane x—y+z=5 bisects the line

segment joining A(38, 1, 6) and B(1, 3, 4). [AIEEE 2010]

(a) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement I,

(b) Statement |is true, Statement Il is true; Statement Il is not
a correct explanation for Statement I,

(c) Statement | is true; Statement Il is false.

(d) Statement | is false; Statement Il is true.

X—=2 Wil Z+52

i = = lies in the plane
66. Let the line . - = p
X+ 8y —oz+ B =0. Then, (o, B)is equal to [AIEEE 2009]
(a) (6, -17) (b) (= 6,7)
(c) (6, - 15) (d) (- 5,15)

67. The projections of a vector on the three coordingte axes are
6, —3 and 2, respectively. The direction cosines of the
vector, are [AIEEE 2009]

; BB 2.
@e,-32 ‘b)g"g’g
gh. S22 Ee

JEE Main Mathematics inust 240 Days

68. The line passing through the points (5 1 a) and (3, b, 1)

=2, b=8 [AIEEE 2008]
), /9 =41

1 y 2=
— k
intersect at a point, then the integer k
[AIEEE 2008]
@) 2

70. The image of the point (-1, 3 4)in the plane x =2y =0is

[AIEEE 2006]
© i3 iz
2 s =1L, = &= 4
(a)(s’ 5’) ()(3 3)

(©) (8 4 4)

69. If the straight lines
X-2_y=-38_
Clg Lk
is equal to
(a) -2

(b) -5 (¢) 5

71. If the angle 6 between the line 2 = ¥ =1

plane2x — y + /A z + 4=0is such thatsin 6 = % the value
of A is [AIEEE 2005]

(B)

(@)

Alw wlom

72. The distance between parallel planes 2x + y + 2z = 8 and
4X+2y+ 4z +5=0is [AIEEE 2004]

(a) 2§ ()
7
(©) 5

73.If the lines X=1+s y=—8=1%s, z=1+As and

t
= > Yi=1+t,z=2—t are coplanar, then A is equal to
[AIEEE 2004]
(@ -2 (b) —1

]
() > (d) o

74. The two lines x =ay+b z=cy+d and x=4dy+ b,
Z=c'y+d’ are perpendicular if and only: if [AIEEE 2003]

(@) aa’+ bb’+ cc’+1=0

(b) aa”+ bb” + cc’=0
()(a+a)(b+b)(c+c’)=0
(d) aa’+cc’+1=0

75

The direction ratios of normal to the plane through
(1.0,0),(0,1,0) which makes an angle % with the plane

X+y=8 are [AIEEE 2002]
@ 1,2, 1 (b 112
€ 112 @ 2,11

D:.//WWW.N olnn
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1. ) 2. (d) 3. (a) 4. (d) 5. (c)
11. (&) 12. (d) 13. (b) 14. (d) 15. (a)
21. (d) 22. (b) 23. (¢) 24. (b) 25. (b)
31. (&) 32. (d) 33. (d) 34. (b) 35. (a)
41. (b) 42. (b) 43. (c) 44, (b) 45, (b)
51. (c) 52. (c) 53. (b) 54, (c) 55, (C)
61. (d) 62. (b) 63. (a) 64. (c) 65. (a)
71. (b) 72. (c) 73. () 74. (b) 75. (b)

Answers

6. (d) 7. (©) 8. (d) 9. (¢) 10. (¢)
16. (c) 17. (c) 18. (a) 19. (b) 20. (©)
26. (c) 27. (d) 28. (¢) 29. (d) 30. (d)
36. (a) 37. (a) 38. (a) 39. (d) 40. (d)
46. (a) 47. (¢) 48. (c) 49. (a) 50. (b)
56. (C) 57. (c) 58. (¢) 59. (a) 60. (d)
66. (b) 67. (c) 68. (d) 69. (b) 70. (a)

Hints & Solutions

1. If three edges of the cube are along X, yand z, then diagonal has
DR's 1 1,1 and edge along x-axis has DR’s 1,0,0. The angle
between them is

= Al =
cos™ —— = tan" "2
B

2. The DR'’s of the line joining (3, 1, = 3) and (1, —2,2)are -2, =3, 5.

Equation of plane passing through (3,1, — 3)is

a(x—38)+ b(y—1)+c(z+ 8)=10
It passes through (1, —2,2),then

—2a-3b+5c=0
Also, a+b-2c=0
On solving, we get a=1b=1 andc =1
. Equation of plane is
(x=8)-1+ (y—-1-1+ (z+3):1=0

= X+ y+z-1=0

3. The required plane is2x + ¥ — 3z+2+ Ax+y+z-1=0
It passes through (1, 1, 1),then 2 +2L =0
A=—1
Hence, planeis x—4 Z + 8=
4. On eliminating m from given equations, we get
2(+n)?+n=0 (oputm= 2/ + 2n)
= @l +n)(+2m=0
= n=-2/ =>m=-2
or [=—2n = m=-20
The DR's are 1, -2, —2 and —2 =2
Now, 1(-2)-2 (-2)-2 ()= 0
Hence, lines are perpendicular.
Sp, angle between them is 7 /2.
5. We know that, cos” 6 + cos28 + cos?y =1
cos? y = —C0s 20

cos20<0

ee[z.ﬁ]
402

=

6. Let parallel plane be 2x =2y + z + A =0. It passes through
1,-2,3).

n==9
The distance of (-1, 2, 0) from the plane
2x—2y+ z-9=0is ilsﬂ~=5

75 /2+m2—n2=0=>1—2n2=0=>n=t_1—
NP

Eliminating n from the given relations, we get/m=0
: 3 i o : 1
The two lines having direction cosines are 0) =
N2 2
Sl

Then, angle between them is cos™

8. The given lines are

For line Ist DR's = (7, — 6, T)and it passes through (= 1, = 1, = 1),
then equation of given lines (in vector form) is
r=—i—j—k+ A (7i—6j+K)
Similarly, r, = 3i+ 5j+ Tk+p(i—-2j+k)
which are of the formr, =a; + Ab,andr, =a, + b,

where, a1=—i—j—k,b1=7i—6]+k
and a2=3i+5j+7k,b2=i—2j+k
Now, a,—a; = (3i+ 5j+7kK) — (=1-j—K)= 4i+ 6]+ 8 k
i j k
and b,xb, =|7 -6 1
o= il
=i(-6+2)=j 7 =1)+k(-14+ 6)
=-4i-6j-8k
lb1><b21= (—4)2+(—6)2+(_ 8)2
= 16 + 36 + 64
= /116 =2+/29
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So, the shortest distance between the given lines
d = (b xb,)-(a, =ay)
[byx b,|

= (416~ 8K) (41 + 6} + gk
S BiEy o

4% 4+ (- 6)><6+(—8)><8[
A e

_[=16- 36 g4
= L= Lo eloierion )
2429

s

2429

58 ]
= — =229 units

V29

Note The two lines should be paralle| ang non-intercepting, then
We can only determined the shortest distance.

9. Since, the vertices of the tetrahedron are 0.0,0),(3 0, 0),
(0.2, 0)and (0, 0, 6).
g 0 0
.. Volume of tetrahedron = i 0 2 0/=6
0 0 6

10. Let L be foot of perpendicular from P(0, 2, 3) on the line
X—(—S):E:M:f ()

5 2 3

Any point on EqRO)USIE (=35 St,1+2t, —4+ 8t

Then, DR’s of PL are

(=3 + i =0 114 2fi =2 —dln 3t -3)

or (5t-82t-1,3t-7),

Since, PL is perpendicular to Eq. (i), therefore

5(5t -3)+2(2t —1)+ 3(3t =7 =0 = =

So, the coordinate of L js @, 3-1).

11. On substituting the coordinates of the points in the equation
2X+ 8y—2z—k=0we get

(+6-6-K(4-3-K<0

= tk=N(k-2)<0
li<iki<2
! = 2
12. Consider the line through (2, - 1, 3) with DC's 333 Is
et ey o (say)

2/3 2/3 13
2r — a =3+£
X=2+—.,V— fiEs 3’2 2

Since, it lies on the plane x + 2 Vi= =,

,2+_2_r—2+ff-3—-£=2=> r=3
x 3 3 3

13. Now, aa, + bp, +CL,=2-1+2>0

The acute angle bisecting plane is
A : X=Y+2z+1=—2x+y+ z+2)
- fo X+z+1=0

JEE Main Mathematics indust 240 Days

14. The two normal vectors arem =2i+ 3j+ kand n =i+ 3j+ 2k
it
The line L. is along, m x n = 2 =3i-j+k)
1 g 2
and DC's of x-axis are (1,0,0).
coso= S0=i+k-0) _ 1

F(1+1+19)i V3

15. Since, s divides OG in the ratorgl =
mm,s=@iiﬁ+9*‘?=@a-a

2 2 2

16. Let r be inclined atan angle o to each axis, then
I'=m=n=cosg,

Since, P+ mP4p?oq 8lcesol=1

h 1
lfoclsacute,then/=m=n=_and =16
5 el

r=[r[(/i+mj+nk)

Al
—G(ﬁwﬁﬁﬁk)
=23 i+ j+k)

- 1
lfousobtuse,then/:m:n:—-and [t =@
ool

r=|r| (i + mj + nk)
=6 _ii_ij_ik)
&
=-2V3(+j+k)
17. Equation of Plane through three points @21),(301) and
(4 -1 O)is[(r—i+2j+k)]-[G~2j)><(i—j—k)]=O
/€l r'(2i+j+k)=7or2x+y+z—7=0 &.(1)

Equation of line through (3, - 4, - 5)and @ -3 1is
X=3_y+4_z+5

g .. i)

~1 1 6
Any point on line (M) is(=A+ 3 A-46)- 5). This point lies
on plane (j).
Therefore, 2 (-A + J+(RA-4+BL-5-7=0
= =2

Hence, the required point is (1, - 2, 7

18. The point A (6,7, 7)lie on the line. Let the perpendicular from p
meet the line at L. Then,

: /
out this message by purchasing novaPDF (http.//www.novapdf;cpm )
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AP = (B - 1) + (7 - 2 +(7— 32 =66
Also, AL = Projection of AP on line

since, actual DC's are (

Lok st
JT?\/W\/T?_)

=(6—1)-:l-?[_7+(7—2)~—ﬁ:7+(7—3)(%j=«/ﬁ

. Perpendicular distance d of P from the line is given by
d2=AP? - Al® = d?=66-17=49=d=7

19. Let one vertex of the parallelopiped be at the origin O and three
coterminus edges OA, OB and OC be along OX, OY and 0Z and
respectively. The coordinates of the vertices of the
parallelopiped are marked in figure.

The edges which do not meet the diagonal OF are AH, AD and
BD and their parallels are BE, CE and CH, respectively.
The vector equation of the diagonal OF is

r=0+ A (ai+ bj+ck) soal())
The vector equation of the edge BD is

r=bj+pai
We have, (ai+ bj+ ck)x ai = ba (jx i)+ ca (ke x i)
=—bak+caj

| (ai x bjx ck)x ai| = b’a® + c%a®
and {(ai + bj + ck)x ai} - (bj — 0) = (= bak + ca j)- bj= abc
74

(i)

c(0,0,¢) E (0, b, 0)
(8.0, C) H = (a, b, C)
B (0, b, 0)
o) &Y
(0,0,0)
A(a, 0,0) D(a b, 0)
X

Thus, the shortest distance between Egs. (i) and (ii) is given by
SD=|{(ai+ bj+ck)x ai} - (bj = 0)]|
|(ai + bj + ck)x ai|
. abc . loe
~ JpPa +cf?  b%+CP
Similarly, it can be shown that the shortest distance between

OF and AD is ——2 and that between OF and AH is
a? +c?

ab
20. The given plane isr - (5i + 2j —7k)==9
Length of the perpendicular fromi — j+ 3k to the above plane is
—9—(—j+ 8K Ei+2j-7%) _=9-5+2+21_ 9
J25+ 4+ 49 78 J78

PriQt to PDF without this message

21.

22

Length of the perpendicular from 3i + 3 j+ 3k to the above
plane
-9-Bi+3j+ 3k)- (5i+2j-7k)

\78
_-9-15-6+21_ 9
78 78

Thus, the length of the two perpendiculars are equal in
magnitude but opposite in sign. Hence, they are located on
opposite sides of the plane.
If the given vectors are coplanar, then
5 Vi A
Xo Yo Z3|=0
X Vo &
The set of equations,
XX+ yiy+ 2z=0
XoX+ Yo + 2,2=0
and XaX+ Yoy + 232=0
has a non-trivial solution.

Let the given set has a non-trivial solution X, yand z without loss
of generality, we can assume thatx=2y= 2z

For the given equation X;X + Y4y + ZZ = 0, we have
== = A%

= |x x| =]y ¥+ z 2l | wyl+lz 2l

= | x x| <y x| +12 x|

= | x| <|yl+]z]

which is contradiction to the given inequality i.e.,
‘X1|>|)’1|+‘Z1‘

Similarly, the other inequalities rule out the possibility of a
non-trivial solution.

Therefore, the given equations have only a trivial solution.
So, the given vectors aré non-coplanar.

Equation of L, is
r=3i+Ai+j+k)
=@-A)i+Aj+ Ak
Equation of L, is
r=(0+j+pi+k
=A+p)i+j+pk
For point of intersection, we get
A=p=1=r=2i+j+k

928. Given, mid-points of sides are D (/, 0,0),E (0 m0) and

F (0,0,n)
A

OX
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O Be ’ :
Also, ERSS T (by mid-point theorem)
= BC® = 4(m? + n?)

Similarly, AB® = 4(/ + m?)and CA? = 4(% + n?)
AB? + BC? + CA? ’
—_— 7 =8

P+ m + n?

24. Given lines are respectively parallel to unit vector
by =li+mj+nk ()
and by =/lyi+m,j+n,k (i)
Now, b, xb, is a vector which is at right angles to both b, and
b, and is of magnitude unity.

Hence, components of b, xb, are direction cosines of a line
which is at right angles to both b, and b,. So, we compute

b, xb,.
IR K
bi+b, =\, m n|= (myny = myny)i= (ol — nily)

lp my + (hmy = I,m k)

= (M, — myny)i+ (nyly — nyly) j + (hmy = Imy) k
Thus, the direction cosines of the required line are

Myl = Moy, Ml — Noly, hmy — [omy.

25. Given, plane is2x — y + z =k

It passes through (2, -1, 1).
=16
The distance of (1,2, 3) from
2X— Y+ z=6igl2=2+ 3_6|=i=\/2§

Ve B

26. LetC and D divide ABinternally and externally in the ratio A : 1,

A
e =
Then, W
AD=_*_ap
N
it ) Wil L
AC AD AB

Hence, AC, ABand AD are in HP.
27. The vector joining the points isi — 3j + k. Its projection along the

vector 2i + j — 2k
[i-3j+k):-@i+j-2k)|_[2-8-2]

PR 3
28. Required equation of plane is
x-1 y-1 z-1
3 el A=
0 —2 1
= x—3y—-6z+8=0

=1

Since, the intercepts are ng

~ So, their sum is 12.

29. The new position of plane is
X=2y+ 32+ Mx+ y+ z-1)=0
= (1+ k)x+(l—2)y+(k+3)z—l=0
Since, it is perpendicular to x + y+z-1=0.
USRS = D e B )

w [N

Hence, required plane is x — 8y+7z=-2.

30. Let OA=a,0B=b0C =¢c. Then, the centroid G of AABC is
a+b+c

3

0G? =

2
E %(3/8 . 6kzcose)=%(1 +2c0s6)> 0

GE[O,Z—TCJ
3

31. Let OA=a, 0OB=b0OC=c

Then,|a|=|b]=|cl=1;alb=b~c=c-a=21
11
a-a a-b a-c 2 g2
Now,fabcP =ba bb bec|=[1 1 1/_1
2 2(82
c-a c-b c-c a4 .
2 2
Volume of tetrahedron = %[a bc]
SR
62
X=1 y+2 z-1
32. Equation of the plane is| 2 -2 =0
1 -1 2
= =3(x-10)=-8(y+2)=0
= Weap Yap il =0

So, the distance of (1, 2, 2) from it is -+ = 24/3.
V2

§+X+5=1 cuts the axes at Af(g 0 0)
a o @

B(0, b, 0)and C (0, 0, c).
Centroid of plane ABC is D(ia- 9 —).

33. Let plane

81 8.8
Distance of the plane from the origin
1

R T
e et = L
a®  p? P
1
e r
e
.'.D(x,y,z)=>a=3x,b=3y,c=32
1 1 1
= —+—+-—=9
P AT

Hence, the value of k is 9.

(given)

| =
| —

= =

n
n

a
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e 2 2
34. cos®a + cos B+ cos?y +cos?8 = 4

2 : e L
and cos“ o =1~ sin? q, similarly for all other angles.
2
Cos“at + cos”B + cos?y + cos?s
=4-(sin®a + sin?P + sin?y + sin? d)

= sin‘o + sinp + Sin®y + sin?8 = (4_ f) =
3 3
35. The intercept form of the plane equation is X + % + £ =0, where
a c
a, b and ¢ are the intercepts made by the plane on the axes.

0(=0+ O+a)B:O+ O+bY=O+ 0+c

3 g5 3
= a=3uo,b=23Bandc =23y
So, the equation of planeis * + Y + Z _ 1
3or 3B 3y

36. Let the direction cosine of the line perpendicular to two given
lines is (/, m, n), then/ + 2m + 3n = 0and -2/ + §+ g =0

From the above equation,
/

= m — n_——
Pl —3><(—2)—1x-13 1x%—2(—2)
. e e 1
25361 81 25 3671, 81
S W oy
= 2 s T R )
2198' 2198’ V2198

37. The equation of the plane passing through (2, 1, 5)and parallel to
the plane 8x — 4y + 5z=4is 3x — 4y + 5z +k = 0
On substituting coordinates (2, 1, 5), we get
3x2 —4x1+ 5x5+k=0= k=-27
So, the equation of plane is 3x — 4y + 5z —27 = 0.

38. Leta, b andc be the direction ratios of the required line.
L X -0_z-1 :
Then, its equation 1sXT:3 e Gl ()

Since, Eqg. (i) is parallel to the planes x+2y+ 0z=0 and
0x + 3y — z= 0. Therefore, normal to the plane is perpendicular
to the line.

a()+ b@2)+c(0)=0 and a(0)+ b@B)+c (-1)=0
On solving these two equations by cross-multiplication, we get

a iy b = ©)
@F1-00B OO-0F) HE-0E
2.5 0. 08
e i f&2y)
= a=-2\b=»Aandc =3\

On substituting the values of g, b and ¢ in Eq. (i), we get the
equation of the required line as

39. Both lines are coplanar.

(25 8

8 2 3=0

1 -1
= 2(—2+3)+3(3+3)+7»(—3—2)=O
= A=4

sin”'sin4 = sin""sin(r - 4)= 1 — 4

3 4
= x=3+.2r1,y=2+3r1,z=1+4r1
Itwilllieon, X=2_Y=3_2=2
2 3
o S+2p=2 2+35-38
3 2
= q=1

So, the point of intersection is (5, 5, 5), which lieson x =y = z
41. Equation of the plane contains both lines is
X=-3 y-2 z-1
2 3 4 =0
I8 2 3
= (x=3)(N+(y-2)12-6)+ (z-1)(4-9)=0
= X+6y—52=10
M@+ OGN+ (=5ER)=4+6-10=0

Hence, the required angle is g

42. The equations of given lines in vector form may be written as
Lyir-(i-2j—k)+ A(8i+ j+ 2k)
and L, :r-(2i —2j+ 3k)+ u(i+ 2j + 3k)
The vector perpendicular to both L, and L, is

ik
Sl =ik
2 8
- Required unit vector = (St oK)
VD2 + (72 + (5)2
sl g

53

43. The equation of the plane passing through the point (1, =2, — 1)

and whose normal is perpendicular to both the given lines L, and
L, may be written as (x + 1) + 7(y + 2) = 5(z+ 1) = 0
= X+ 7y—5z+10=0

The distance of thbe point (1,2, — 1)\frorh the plane
_|1+7@) =51+ 19|
| Ji+49+25 |

=23

‘e
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44. Statement | 3y — 4z =5 -2k

~2y+ 4z=7 - Bk
S
“X=K y=12 -5kand z= §'4—wkisapointonthelinefor

all reai values of k.
Statement | is true.
Statement Il Direction ratios of the straight line are

< be’ - kbe, kac - ac’, 0> and direction ratios of normal the
planc are < 0,0, 1>.

Now, 0x (be” — kbe) + 0x (kac —ac’)+ 1x 0= 0
*. The straight line is parallel to the plane.

45. The equation of the plane
|x=1 y z+1|
e =

1 2 3

containing them s

—(bx+2y—-38z-8)=0

Statement Il Here, — ===—- = L e

and 1(1) + 2(1) + 3(-1) =
Statement Il is true.

46. Statement Il Lines L, and L, are parallel to the veciors
a=23i+j+2kandb =i+ 2j+ 3k, respectively. The unit vector
perpendicular to both L, and L, is

axb _ =i—7j+ 5k _ -i-7j+ 5k
laxb] Ji+49+25 53

Statement | Plane is —(x + 1)~7(y + 2)+ 5(z+ 1) = 0 whose
distance from (1, 1, 1) is —11

5V3
Hence, Statement Il is true.

47. Equation of the intersection plane is
2X—y+z—8+ M3+ y+2z-5=0
For A = 1, we get
5x + 2z — 8= 0, which is perpendicular to
2x—y—5z—3=0asb5x2 + 0(=1)+
48. - AB=AJe - 12 + (9- 8)% + (12 - 8)°
=18 =32
BC =i+ 2)2 + (8-11)°
=18=23/2
CO= -2 VP
=18 =32
PA= J1 -2 £12 - 9)°
_J——sf
AC=qJe +2)%+©@-112+(12-8)°
= J3p=8
and BD=./(1+ 1% +(8-12)% + (8-12)°
‘Hence, AB=BC =CD =DA and AC =BD

2(-5)=0

N8 3)k

11 —12)2 4 (8—12)7

o 128

_ J36=6

JEE Main Mathematics inJus+ 40 Days

49. Since, the lines Xt 1o y=1_2z+1
2

1 3
and2E2 Yol iz are coplanar.
2 3 4
=% Yamh 2 -z |-2hd K1 04
/1 rn1 /71 = 2 1 3 =O
/2 my Iy 2 3 4 |
e
= |2 "1 3l=—@-lolk=E2ericEeEe
ads 4\
= §=@p 2 A=
= 2=l = /(—ﬂ
2
50. - cos®a + cos?P + cos?y =1
=  c0s245° + cos?60° + cos?y =1
Iz coszy=1—l—l=1—§=1:’0037=1
5 04 4 4 2

.. Direction Ratio's of normal to the plane is
1 1
£c0s45°%,c0860°, - >=< —, —, = >
2 V222
..Equation of plane passing through W2 =1l 1)
B D) %(y+ 1)+ %(z—1)= 0

2
=  2(x—~2)+2(y+ 1)+ 2(z=1)=0
= 2(x=2)+ (y+ 1)+ d(z=1)=0
= V2x—2+y+1+z—1=0
= Px iyt z=2

51. Let foot of perpendicular Q(x, y, 2)from O{0, 0, 0)

Xx=0_y-0_z-0__{40)-30)+ 1(0) + 13}
4 =3 1 A R i
L BB o= Sl
o =g il 20 2
3 1
X==2,y=—,2=——
4 2 2
Q(—ag,—l)
2
F ° 3)° Ny
PQ=1+2) +|1-=| +|-6+ =
T 2) ( sz
7
5 1+1+E=L12§:3\/Z
Ao 1l 2 2

52.:l+m+n=0/F+m?-n®=0and/? + m?®+ n? =1
On solving, wegetm=+ — n=+ —_ and /=
2 N2 d
T

=" @ s 1

3 2

53. Given that, the projections of a line segment on the X, Y'and
Z-axes in 3D-space are, Ir =2, mr = 3and nr = 6

(I + (mr? + (r)? = @R + (3P + (6)°

= (P +m? + )2 =4+ 9+ 36 g
= P49 = ey ]



http://www.novapdf.com/
http://www.novapdf.com/

Day 32 Three Dimensional Geometry

54. Intersection of two planes is
(x+2y=3)+ Ay—22z+1)

i X+@+A)y-2Az+ X — 3=0
; 1(1)+2@2+ A)+ 0(=2A)=0
= g

2

Simplify it and get the result.

55. CelﬂtroidofAABC‘G:(2_1+'7‘,3+ 3+ 5‘5~1-2+p)
3 3 8
:[1+): il 7+p)
58 B

Since, median is always passes through centroid.
Since, they are equally inclined
e S e [l
3 3 3
A-5

3

=

=5

3
=10

~N w| N
=

=5 N =

56. Given planes are,
2x+ y+2z-8=0

and 2x+y+22+§=0

Distance between two planes

e e
Ja? + b? +c? ;\/52+12 4+ D"

o™

=L,
2

5. Condition for two lines are coplanar.
[a—c,b,d]=0
where, a and ¢ are the points on aline and band d are the
direction ratios of the lines.
21 3-4 4-5
1 1 -k |=0
k 2 1
| 1 -1 -1
= = =)
el 90
= 1(+2K)+(1+K)-@2~-kK=0
= K +2k+k=0
— K?+3k=0 = k=0-3

Note If 0 appears in the denominator, then the correct way of
representing the equation of straight line is

X___—Z:———y_s;z=4
1 1
88, et g il Yl 2
% f & 3 4
e -k z-0
and LZ:X e Ll oy

59.

60.

= Any point P on line L, is of type P @p+ 1, 8p—1, 4p + 1)and
any point Q on line L, is of type Q (@ + 3,29 + K ,q)
Since, L, and L, are intersecting each other, hence both point P
and Q should coincide at the point of intersection, /€.,
corresponding coordinates of P and Q should be same.
2p+1=qg+ 8 4p+1=qgand3p—-1=2g + Kk
On solving2p + 1=q + 3and 4p+ 1=g, we get the values of
pandqg as

=

p=§'

and g ==9
On substituting the values of pandq in the third equation
3p—1=2q + k, we get

3(?]—1:2(—5)%

=3 k=

N | ©

Given, aplane P: x—-2y+2z2-5=0

Equation of family of planes parallel to the given plane Pis
Q:x-2y+2z+d=0
Also, perpendicular distance of Q from origin is 1 unit.

0—12(0)+2(G)+d[=1

=
A a2 1
= 1d_|=1 s g s
3

Hence, the required equation of the plane parallel to P and at
unit distance from origin is
x—2y+2z+3=0

Angle between straight liner =a + Abandplaner-n=d,
sind = _bL
[bf|n|

(+2j+2K)-+2]+3K)

Ji+4+ 2 [I+4+9

5+ 3\

sin® =

= sind= ——
A2 + 5.4
Given, cosO:\[g
; 8
sinf = —
V14
3 _ 5+3)\
= 08 gt SO e
V14 A2+ 514
= 92 +B5)=9)% + 30A+25
e 992 + 45=93 + 30 A + 25
= 30A=20
_2
8]
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61.

62.

63.

Let the coordinate of Q be @A, 3\ + 2, 4 + 3), which
on the straight line AB.

P(3,~1, 11)

ol G S

A Q

So, the DR's of PQ, is BA=8 8l g an=g
perpendicular to straight line AB,

o 4 L; % _ ) having DR's (2, 3, 4),
=2@A-3)+3(3\+ 3)+ 4(41-8)=0
=S4A-6+9A+9+160-32=0

= 200 -291 =0

= h=1

= The coordinates of Q are (2, 5, 7))

|PQI =827 + (—1- 57 + 7 - 112

is any point

) and it is

lane

=1+ 36+ 16
= /58
Equation of PQ s X =1 =LJ1L§ = Z; 9o
S0, Xx=A+1y=2L-56andz=A+ 9lies on the p
X—=Y+ z=5
SA+1-A+5+A+9=5
b A=-10
So, the coordinate of Q is (- 9, — 15, — 1) and coordinate of
Pis(1,—59).
[ PQ| =+10)? + (10 + (10
=103
Since, mid-point on ABis M (1, 3 5).
e X Y= z=2
4 3 nN—="——-=—,
which lies o . - e
A

JEE Main Mathematics i» ..+ 40 Days

= Q==

Hence, Statement Il is true.
Also, direction ratio of ABis
(IS 116=078=7)=(0N6I="4)
and direction ratio of straight line is
(12, 8)
These two lines are perpendicular, if
0M+6@)-4@@)=12-12=0

Hence, Statement | is true.

64. We know that, cos? 45°+ cos2 120°+ cos26 = 1

= l+l+cosze=1
2

= cos?0=_ — cosf=+1
4 2

6=60° or 120°

65. The image of the point (3, 1, 6) with respect to the plane

X—y+z=5|s

1 —1 1 1+ 1+1
= x;B_y_—1__z—_6=_2
1 —1 1
= X=8-2=1
Y=tl=20=18
Z=6-2=4

which shows that Statement | is true.

We observe that the line segment

to the plane. Hence, Statement Il is true.

Thus, the Statements | and Il are true and Statement || is

correct explanation of Statement |.

66. DR's of given line are (3 - 5,2),
DR's of normal to the plane = 1,3 -
-.Line is perpendicular to the normal
= 3M)-508)+2(-a)=0
= 3-16-2a.=0
= 200=—4>
= a=-6
Also, point (2, 1, - 2) lies on the plane
2+ 3+ 6(-2)+B=0 = B=7
((X, B) = (_ 6: 7)
677. Projection of a vector on coordinate axes are
2 =XYo =W, 2, = Z,
R T e

0 =3 + (v - P + (z, = 7P =/36+974 =

Hence, DC's of the vector are 9, -
7/

<
=

~ [N

joining the points
A8, 1, 6) and B(1, 3, 4) has direction ratios 2, -2, 2 which
are proportional to 1, — 1, 1 the direction ratios of the normal


http://www.novapdf.com/
http://www.novapdf.com/

Day 32 Three Dimensional Geometry

68. Equation of the line passing through (5, 1, a) and (3, b, 1)is

17 8
——-b —= -1
mEis O = 7
2 1-b a-—1
&
= (3—1)=‘:23=5 = A=
2)
Also, il 2(1?7 I b)
= 8b—8=17-2b = 5b=20
b =4
69. Given,.)g:y;zzz__g . (0)
K 2 3
ana =2 _ ¥=8y 2-1 .. (i)
3 k 2
Since, lines intersect at a point. Then, shortest distance between
them is zero.
‘k 2 g
g k 2(=0
11 -2
= Kk(-2k-2)-2(-6-2)+3(@-k=0
= —2k? —~5k +25=0
= 2k? + 5k—-25=0
= 2k? + 10k — 5k —25=0
= 2k (k+ 5)=5(k+5)=0
5
k==,-5
- >

Hence, the integer value of k is -5.

70. The image of point (-1, 8, 4)in a plane x — 2y = Ois given by
x+1=y—3=z—4

1 -2 0
_2(x (=) + 8% (=2)+ 0)
) 1+ 4
Kl e =z—4=—2(—7)
= T 0 5
x:lﬁ-1=§,y=-%8-+3=——1§ and z=4
5 5 5 5

’ 93
Hence, the image of the given point is (5‘_—5‘4)'

71. The direction ratios of a line are 1,2, 2. The direction ratios of the

normal to the plane are 2, —1,+/A.
1 2(1) = 12) + 2J&

—=sing=—-_——~°-_——
3(JA + 5)
= K+5=4X:>?»=§
72. Given, plane are2x+ y +2z—8=0
and 2x+y+22+§=0
}8+§‘ 7
Distance between planes = et
4+1+4 2
73. Given, lines are H=l Wt Szl
-\ A
and K Wl Zad
1/2 1 —1
If lines are coplanar, then
1-0 -3-1 1-2
1 —A Al=0
1 2 =2
1 -4 -1
= 1 =& A[=0
2 =2
=> =-2
74. Thelinesarex_b=z=z_d, L L o)
a 1 © a’ 1 @

The lines are perpendicular, if aa” + bb’ + cc’ = 0

75. Let the equation of plane in intercept form is = + %+ £8y,
a c
Since, it passes through the point (1, 0, 0)and (0, 1, 0).
Equation of plane is Lol I
IS e
DR's of normal are 1, 1,1 and of given plane are 1, 1, 0.
@
e e Lo : 4
Now, cos®=—______ ¢ e
( iz P jﬁ ( il 2}/5
c 02

1

= —+2=4 = %=
o2

C

el

So, the DR's of normal are 1, 1, /2.

455
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Unit Test

(Vectors & 3D Geometry)

1. The vector B satisfying the vector equation A+ B= a,
Ax B=bandA- a=1 whereaandb are given vectors is
@ (bxa)+:23(a2—1) ) @x b)+ a

a a
© 2 @ — 1)+ bb? -1

> (d) None of these
a

2. If @ xb)® + (@-b)’ =144and|a| = 4, then|b| is equal to

(a) 3 (b) 8
(c) 12 (d) 16
3. The values of x for which the angle between

a=2x%i+4xj+kb=7i-2j+ xkis obtuse, is
(b) 0<x<1/2
(d) None of these

(@ x>1/2 orx<0
ey 1/2<x<15

4. The vector c, directed along the bisectors of the angle

between the vectors a =7i—4j— 4k, b=-2i-j+ 2k and
c|=5+6is
(a)ig(i—7j+2k) (b)

I+
wlon w|lo;m

(6i + 5j + 2k)

a
H

(C)ig(i+7j+2k) (- 5i + 5]+ 2Kk)

5. Vectors a and b are inclined at an angle 6 =120°. If [a| =1,

|b| =2, then [(a + 3b) x (3a - b)F is equal to
(a) 300 (b) 325 (c) 275

6. Let a,b and ¢ be three non-zero and non-coplanar vectors
and p,g and r be three vectors given by
p=a+b-2c,q=3a-2b+c andr=a-4b + 2cC. If.the
volume of the parallelopiped determined by a, b andc is V;
and the volume of the parallelopiped determined by p,q
andr is V,, thenV, :V, is equal to

Giaria (o) 3:1

{ey. 111 (d) None of these

7. For a non-zero vector a, the set of real numbers satisfying the
inequality | (5 — x)a | <|2a| consists of all x such that

(@ 0<x<3 (o)) B =i
() -7<x<-3 (d) —7<x<38

(d) 225

8.

10.

11.

12.

13.

14.

A non-zero vector a is parallel to the line of intersection of
the plane determined by the vectors i,i+j and the plane
determined by the vectors i—ji+k. Then, the angle
between a and the vectori—2 j+ 2k is

@) B o) = 5 ) =

. Leta, b and ¢ be three vectors having magnitudes 1, 1 and

2, respectively. If a x (@ x ¢)+ b =0, then the acute angle
betweena and c is

(@) (o) 7

(c) (d) None of these

EI|lE] ey =

A point moves so that the sum of the squares of its
distances from the six faces of a cube given by x =+1,
y =x1z==1is 10 units. The locus of the point is

@ X%+ y? + 22 =1 () X2+ 2+ 22 =2

€ x+ y+ z=1 @) x+ y+z=2

Ifa, band c are unit coplanar vectors, then the scalar triple
product[2a—b 2b—-c 2c —a]is equal to

(@ 0 () 1
(©) -3 (d) V3

Point (o, B,y) lies on the plane x+y+z=2 |et
a=oi+pj+vkkxkxa)=0.Then, yis equal to

1
(@ 0 (o) 1 (© 2 (@) 5

Leta =38i+2k and b =2j + k. If ¢ is a unit vector, then the
maximum value of the vector triple product [a b ¢], is

(a) V61 (b) V59
(©) ¥3-+/36 (d) None of these

If the four plane faces of a tetrahedron are represented by
the equationr- (li+mj)=0,r-(mj+ nk)=0,r-(nk + pi)=0
and r:(li+ mj+nk)=p, then the volume of the
tetrahedron is

3 2 8 3 3
(@) = b) =2 @2

6 &
G
3Imn Imn

Imn

6 Imn
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15.

16.

17.

18.

19,

20.

21

22.

Day 33 Unit Test 5

If a variable plane forms a tetrahedron of constant volume
64 k% with the coordinate planes, then the locus of the
centroid of the tetrahedron is
@ xyz=k®

(©) xyz=12k°

(b) xyz=2k®
(d) xyz=6k®

If a,b and ¢ are three non-coplanar vectors such that

a+b +c=adandb +¢c +d=Ba, thena+b +c+d
is equal to

(@0
© B
Let a,band ¢ be the unit vectors such that a and b are

mutually perpendicular and ¢ is equally inclined at a and b
atan angle 6. Ifc = xa + yb + z (a x b), ther

@ 2> =1-2x2 19) 2 =l s

©) 22 = 1+2)2 (d) None of these

(b) oa
@ @+B)e

The ratio of lengths of diagonals of the parallelogram
constructed on the vectors a=3p —q,b=p + 3q is (given

that|p| =|q| =2, and the angle betweenp and q i %)

(@) J7 33 (b) +3:+7

(B /57 (d) V5:/3

Let p, g and r be three mutually perpendicular vectors of the

same magnitude. If a vector x satisfies equation
px{(x-q)xp}+ax{(x=r)xqg}+rx{(x-p)xr} =0
Then, x is given by

(a) %(p+q-2r) (o) %(p+q+r)

(c) %(Zp +q-r) (d) None of these

A line with direction cosines proportional to 2, 1, 2 meets
each of the lines given by the equation x=y +2=z;
X+2=2y=2Z

The coordinates of the point of intersection are

(a) (6,4,6),2 42) (b) (6,6,86), (2, 6,2)

(c) (6 4,6), (2 2 0) (d) None of these

The eguation of plane perpendicular to2x + 6y + 6z =1 and
passing through the points (2,2, 1)and (9, 3 6), is

(a) 8x+ 4y+ 5z-9=0

(b) 8x+ 4y—5z+9=0

(c) 3x+ 4y-5z-9=0

(d) 3x+ 4y + 52+ 9=0

The line through i+ 3j+ 2k and perpendicular to the line
r=0i+2j-k+A@i+j+kand
r=QRi+6j+k)+pi+2j+3k)is

(@) r=(i+2j-k)+ A(-i+ 5j—3k)

(b) r=(i+ 3j+2k)+ A (i - 5j+ 3k)

(¢) r={(i+ 3j+2k)+ A (i+ 5j+ 3k)

(d) None of the above

23

24.

25.

26.

2

28.

29.

30

4357

The orthogonal projection A* of the point A with position
vector (1,2, 3)on the plane 3x—y + 4z=0, is

=5
(@ (=13-1) (b) (— 551)
1 5 Il
©) (5,-5,-1j () (6-7,-5)
Llet A(320),B(532), C(-96-3 are three points

forming a triangle. If AD, the bisector of ZBAC meets BC in
D, then coordinates of D are
19 57 17
) (—. = )

a) (_1_9)212)
8 16 16

5 16 1B
190 57 17 @) &l

©) (—,—,—— (@) (—,—,_)
8 16 16 8 16 16

The equation of the plane containing the points A(1, 0, 1) and

B (3, 1,2)and parallel to the line joining the origin to the point
C(1,—12)is

@ x+y-z=0
€ x=y+2z=0

B) x+ y+ z=0
(d x=y—-2z=0
If the axes are rectangular, the distance from the point

(3.4 5) to the point, where the line 2— 2 y; = 22— 5

meets the plane x + y + z=17is

(@1 (b) 2

©)F8 (d) None of these

The plane ax + by = 0 is rotated through an angle o about

its line of intersection with the plane z=0. Then, the
equation to the plane in new position is

(@) ax—by+x z\/mcotomo
(b) ax+ by £ z\/mcotomo
() ax—by £ z\/mtanomo
(d)

ax+ by + z+/a® + b? tano = 0

The planes 3x — y + z + 1=0 and 5x + y + 3z = 0 intersect

in the line PQ. The equation of the plane through the point
@, 1, 4)and perpendicular to PQ is

(@ x+y-2z=5 (b) x+y—2z=-5
(€) x+ y+2z=5 (d) x+ y+2z=-5

The line of intersection of the planes r-(3i—j+ k)=1 and
r-(i+ 4j—2k)=2is parallel to the vector

(@) —2i+7j+ 13k (b) —2i-7j+ 13k

(c) 2i+7j—13k (d) None of these

A line with direction cosines proportional to 2, 1, 2 meets
each of the lines x=y +a=2z and x + a=2y =2z The
coordinates of each of the points of intersection are given
py

(@) (8a,2a, 3a),(a a 2a)
(¢) (3a,24, 3a), (a a a)

(b) (3a 34, 3a),(a a a)
(d) None of these
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31. The equation of the plane containing the line
2X-y+z-3=0and 3x+ y+ z=5 at a distance ofi
from e point @, 1, = 1)is G
(@ x+y+2z-3=0
(b) 2x-y~-2z-3=0
() 2x-y+z+3=0
(d) 62x + 29y + 192 - 105=0

32. The equation of the plane through the point 2, -1, - 3) and

Y=l a2 &

ST

parallel to  the lines and

z-2,
— s
2

(@) 8x+ 14y +13z+37=0
(¢) 8x+ 14y —13z+ 37 =0

y—1
-3

N | x

(b) 8x— 14y + 13y + 37 = 0
(d) None of these
33. The shortest distance between the lines
r=—G+j+k)+AQi+ 3j+ 4k)
and r=—i+u(Bi+ 4j+ 5k) is
1 1 1
a) 1 b) — Cc) — d) —
(@) (b) B (©) 7 (@) 6
34. A tetrahedron has vertices at 0(0,0,0), A(1,2, 1), B2, 1, 3)and
C(=1,1,2). The angle between the faces OAB and ABC is
a) cos™ (B) (b) cos™ (1—7)
(@) = (b) o

(c) 30° (d) 90°

35. The sides of a parallelogram are 3i+ 4j—6k and
2i=38j+ 5k. The unit vector parallel to one of the diagonals

is

() 5|+2j7—k (b) 4“|+j2]_9—2k
i-2j+ 4k

c) —— d) None of these

(©) ] (

36. Letp =8i+ 6jand q be two vectors perpendicular to each

other in the xy-plane. Then, the vector in the same plane
having projections 2 and 4 along p and q respectively is

(@) = 3(i-2j) (b) £ (i+2])

(c)£2(2i-]) (d) None of these
Ifp=2i-3j+ 8k and q = 4i—2j+k be two vectors andr is
a vector perpendicular to p and q and satisfying the
condition. r (2i—4j+ 2k )= -12, thenr is equal to

(a)zi-%’p 16k (b)%(3i+10j+ 8k)

37

© %(3i—10] + 8k) (d) None of these

38. The direction ratios of a normal to the plane through (2, 0, 0)
and (0, 2, 0) that makes an angle % with the plane
2X + 8y =5is
@1:1:2 (s
B g © @ 1:1:v57

2 el 4

. . . _ . -
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39. The shortest distance between the lines
K=2 _ Y= =2—3and Xx=1_y-2 z-4

=22 = is equal to
3 2 2 2 8
(@) 1.14 units (b) 2.01 units
() 8.16 units (d) None of these
Directions Q. Nos. 40 and 41)
L X S 2
e 1
XY N7
=t =
1 =3 2
40. The lines L and L, are
(a) perpendicular (b) parallel

(c) coplanar (d) None of these
41. The lines ., and L, intersect at the point

(@ (-321) (b) 21 -29)

© (1-82) (d) None of these
Directions (Q. Nos. 42 and 43) Let a,b and.c be three vectors

such that |a|=|b|=|c| =4 and angle between a and b is g

angle between b and ¢ is g and angle between ¢ and a is g

42. The volume of the parallelopiped whose adjacent edges are
represented by the vectors a, b and ¢ is

() 2442 (b) 243
(©) 322 (d) 3243

43. The volume of the tetrahedron whose adjacent edges are
represented by the vectorsa, b and ¢ is

16 162
(© ¥ (d) =

Directions Q. Nos. 44 to 47) Fach of these questions
contains two statements : Statement | (Assertion) and Statement ||
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (9 and (d) given below.

(a) Statement | is true, Statement Il is true; Statement Il is g
correct explanation for Statement |.

(b) Statement | is true, Statement Il is true: Statement Il is not a
correct explanation for Statement |.
(¢) Statement |is true; Statement Il is false.
(d) Statement s false; Statement Il is true.
44. Consider vectors a andc are non-collinear, then
Statement | The linesr=6a —¢ + @c —a)and
r=a-c+u(@ + 3c)are coplanar,

Statement Il There exist A and W such that the two values of
I become same.

R/ WWW.Novapd O[]
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45. Cpnsider uand v are unit vectors inclined at an angle o and
a s a unit vector bisecting the angle between them,

Statement | Then,a = i

200s (ou/2)
Statement |1 If ABC is an isosceles triangle with AB=AC =1,
then vector representing bisector of £ Ais AB+—AC

46. Suppose m:x +y-2z=3P:(2,16),Q:(65, -2)

Statement | The line joining PQ is perpendicular to the
normal to the plane .

Answer with Solutions

1. (d) Given, A+B=a ()
= A-a+B-a=a-a
= 1+B.a=2a?
= B-a=a°-1 . (ii)
Also, AxB=b
= ax(AxB)=axb
= @-B)A—(@-A)B=axb
= (@2 -1)A-B=axb [from Eq. (ii)] ...(ii)
From Egs. (i) and (iii), we get
A=(a><bg+a
a
and B:a—{%ti}
B=(b><a)+a(az—1)
a2
2. (a) (@axb) + (@-by’ =|a? [b|?sin®6+ |a|?|b|* cos6
=[al? |b|?
= 144 = (47 |b|®
= |b| =
3. (b) Since, a-b<0
= 14x% — 8x+ x< 0
2 14x% =7x<0
= 7x@x—-1)<0
1
0< X< —
2
4. (a) The required vector ¢ is given by
a b
=l e
(Ial |b] )
s 1 o
b L o il —2|-1+2k)}
157 i
A "
= ]c]=:t§G—7]+2k)

47.

Statement Il Q is the image of P in the plane .

Consider the equation of planes P, = x + y + .z~ 6=0 and
P =2x+3y+4z+5=0,

Statement | The equation of the plane through the
intersection of the planes P, and P, and the point (4,4 4)is
29x + 23y + 17y =276.

Statement Il Equation of the plane through the 'Iin“é"o_f
intersection of the planes A =0 and P, =0 is P, + AP, =0,
A # Q.

= 5«/€=¢%1l1+49+4=i%\/5_4
=> =815
o=+ RO
9
10
= (i-7j+2k
3( j + 2k)
5. (@) [(@ + 3b)x (3a —b) I = [10 (b xa)]?
=100([a[?b* ~ (@-b)°]
=100[1x 4 — (1x2xcos120°)2] 7
=100(4—1)=300 -
6. (d) Given, v, =[a b clandV, =[p q r]
1 1 =2
Then, V, =18 -2 1 ([abc]
j =4 2
=15[abc]
Variti=151
7. (b) Given, |5~ x)al? <|2a|?
= =57 =
= 5-x<2
or 5-x>-2
= i<
or ! x<7
B
8. (b) The normal to the first plane is aldngixﬁ+i)=k and the

normal to the second plane is along
(=Dx(+k)=
Since, a is perpendicular to the two normals.

-i-j+k

So, aisalongk X (wi—j+k)=i—j

Hence the angle between a and the vector i - 2j +2k is
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cos™ a-g =2]+2k) =cos™! (’;L) : ﬂ__ 2i +@
la]|i-2j + 2k| V2 3
= cos‘1 _1_ = E
2
9. (a) Since, b=@xc)xa
=5 lbj=laxc|la] = 1=2sin9

=

oS

10. (b) Let P(x, y, z) be any point on the locus, then the distances
from the six faces are
!X+HVH—1Hy+1Hy—1HZ+1HZ—H
According to the given condition,

[ 1R 4 | x— 12 Y+ 12+ |y =12
+z+ 112 +]z=12=10
= 20 G e
Xt yPs2=2

11. (@) Ifa,bandc lie in a plane, then 2a —b, 2b - ¢ and 2¢ —a,
alsa lie in the same plane. So, their scalar triple product is ‘0’

12. (¢) Since, k x (k x a)=0

=5 @i+Bj)=0
= o =p=0
o+B+y=2

y=2

13. (a) Here, axb=-4i-3j+ 6k

Now, [abc]=(@xb)-c
=(—4i- 3j+ 6k)-c
- The maximum value of [a b c]
=|-4i— 3j+ 6K |c|
= /61

14. (b) The first three planes meet at the point whose position vector
I8 (0, 0, 0). The first two and the fourth planes meet at the point

whose position vector is (‘7) ZB, B). Similarly, the other two
m n

vertices of the tetrahedron have position vectors
(:ﬁ,g,ejand(f_e,:e)
(S0 [ m n
- Volume of the tetrahedron
: P/l —p/m  p/n
=—é =pll pim  pin
R plie —pln

1 -1 19

. . -
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s [0 0 2]
= 2 ler i@ Ri— Ry + R,,
6 Imn Ro = Ry + Ry
1 1 -1
- =4l piie
6 /mn 3 Imn

15. (d) Let the variable plane intersects the coordinate axes at
A(a 0,0), B (0, b, 0)and C ({0 @ @)
Then, the equation of the plane will be

L0V dsy )
aENHENe

Let P (o, B, ) be the centroid of tetrahendron OABC, then

a b c
g=—fBf==andy==
4B 4 ! 4

o a=4u,b=4B,c =4y
Now, volume of tetrahedron = (Area of AAOB) OC

= 64k3:1/‘-1-ab)c=aic
32 6
s 64 k3 = (40) (4B)x (47)
B2
K3 = @By
6

Hence, lecus of P (o, B, y)is xyz = 6 £°.

16. (a) Given,a + b + ¢ =ad and b+c+d=Ba

atb+c+d=(a+1)d

and at+tbt+c+d=@+1)a
= @+7d=@ +1a
Fo=-1then (@+1)d=@+1)a
= d=Ma
o+ 1

a+b+c=ad

= a+b-|~c=oc“‘)'+1 o
o+ 1
= [1—“a(ﬁ+1)Ja+b+c=0
o+ 1

Hence, a, band ¢ are coplanar, which is a contradiction to the
given condition.

o=~
=> a+b+c+d=0

17. (a) Now,a -¢ = x(a-a)+ y(@-b)+ za-(a xb)

= X=0C0S 0

Similarly,  y=cos#

Now, lef® =® Jal + 12 b2 + Z*lax b|?

= 1-2cos?g = 22

= Thes B 72

where, Z=labc|
'__—"—'m—--—»—vw_,. - = nas

N/ /WWW. NOVADQO O[]
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18. (@) Now,d, =a + b = 4p + 2q

and d;,:a_“b:.(‘p__“q

e d; = 16pp + 4qﬁ+ 16p-q
=16 (4) + 4 (4) + 16(2x2xcosf)=112
3
= |di| = a7
Similarly,  |d,| = 43

d, o, =47 1B
- (BIpl =lq| =|r| =c

and pq=0=p-r=q-r
Given that,

(say)

PX{(X = )X P} + qx{(x ~)x q} + rx {(x — p)xr} =0
= PPx-g)-{p-x-g}p+..=

= C(X=Q+X 1+ X—p)—P-X)p - (G-X)q= - X)r =0
= CH{3X =(P+q+N} ~ {p-X)p+ @ X)a+ (X)) =0
which is satisfied by x = %(p +q+r)

. (d) Let Pr.,r — 2,r) and Q(2k — 2 k,k) are the general coordinates

of points on the two given lines.
~.DR’s of PQ are

(r—2k+2r—k=-2r-k)

el 2 e _ li=i
2 1 2

= F=1G=2
So, the points of intersection are (6, 4, 6)and (2, 2, 2).

. (c) The plane passing through 2, 2, 1), is
a(x=2)+ bly—-2)+c(z-1)=0
Since, it passes through (9, 3, 6).
7a+ b+ 5¢c=0 o)
Since, it is perpendicular to2x + 6y + 6z—1=0.
2a+6b+6¢c=0 (i)
[from Egs. (i) and (ii)]

The required plane is
3(x—2)+ 4(y—-2)-5(z-1=0
=% 3x+ 4y-5z-9=0

(b) The required line passes through the pointi + 8j + 2k and is
perpendicular to the lines
r=(+2]-k)+A@i+]+Kk)
and r=(2i+6j+k)+pﬂ+2j+3k)
So, it is parallel to the vector.

b=Q@i+j+k)x(+2j+ 3k) =i~ 5j+ 3k)
The required equation is
r=(+3j+2k)+ A (- 5j+ 3k)

23. (b) Letn = 8i—j + 4k

Line through A and parallel ton is
r=i+2j+ 3k + ABi—j+ 4k)
=@BA+ i+ 2-A)j+ (3+ 4 )k )
From Eq. (i) must satisfy the plane 8x — y + 4z= 0.
A(1,2,3)

36N + )= = V) HaE =0
= 26\ + 13=0
;

= M=
2

Hence, A’is (-%,2,1)which is the foot of the perpendicular from

A on the given plane.

24, (d) Here, AB= \/(5 =R (@ =2F 2 =0F =&

and AC=(9-3F +(B-2f + (30 =13
Since, AD is the bisector of ZBAC.

Since, D divides BC in the ratio 3: 13.
.. The coordinates of D are
3(-9) + 13(5) 3(6)+ 13(3) 3(-3) +13(2) =(E 57 1_7]
3418 | BiieREmEEeR

8'16 16

25. (d) DR's of OC are (1, —1,2).

Let the equation of plane passing through (1, 0, 1) is
a(x=1)+bly-0+c(z-1=0 )
Since, its normal is perpendicular to OC
1.a+ (-1)b+2c=0

= a-b+2e=0 ()
As Eq. (i) passes through (3, 1,2).

. 2a+b+c=0 ...(ii)
£ 2 b I [from Egs. (i) and (ii)]

Hence, required equation of plane be x — y— z= 0.

26. (c) Any point on the line is (r + 8,2r + 4, 2r + 5),

which lies on the plane x + v+ z=17.
(r+3)+ @r+ 4)+ 2r + 5)=17
r=1
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Thus, the point of intersection is (4. 6,7).

So, the required distance = \/(4 - 37 + (6 -4y + (7 - 5)
=% d+4=3
- (d) Equation of any plane passing through the line of intersection
of given plane, is

ax+ by+ kz=0 ()
~DC's of Eq. (i) are

: e b k
V& + b2 + K2 [a2 s p2 g2 Va? + b2 1 k2

The DC’s of a normal to the given plane is

s b
Ja? + b2 NCER
coso = 2a+b-b+ k.0
\/52 + b2 + k2 \/az+b2
2 a® + p2
a® + b2 + k2
= k® cos?a = a2 (1 - cos®a) + b? (1= cos2a)

k2 - @+ b?)sin?q
—Reneon) SINReY
cos?q

k=% .a® + b2 tang,
From Eq. (), ax+ by + z /a2 + b2 tana = o
- (b) Let DC's of PQ be /. mand n.

3/l-m+n=0

and 5/+m+3n=0
[ R
—8-1 5-9 315

Il

g T =

Thus, the equation of plane perpendicular to PQ will have
X+ y—27=),
It passes through (2, 1, 4), therefore A = — 5,
Hence, the required equation of plane be
X+y—2z=-5

(@) The line of intersection of the planes r-(3i - j+ k)=1 and

r-(i+4j-2k)=2 is perpendicular to each of the normal
vectors,

Here, n=3i-j+k

and N, =i+ 4j-2k

~Itis parallel to the vector n, xn,
=@ -j+k)x (i + 4j-2k)
==2i+ 7j+ 13k

JEE Main Mathematics inJust 20 Days

30. (¢) Since, lines are

LetP=(rr—-arandQ= (@A - a,,A) be the points of Ist and
lind lines.

So, DR's of PQ are r — 2 + ar—A—ar-A.

According to the given question,

r—21+a:r—k—a=r—l
2 1 2
From Ist and lind terms, r—a =23
= =183

From lind and Ilird terms, A=a
& P = (e 25, 3a)and Q = (g,a,a)

- (@) The plane is

@+ 3)x + A =1y+ @A+ 1)z=51-3=0
) |
Its distance from 2l =1 —
(c ) i

(4+ex+x—1—x—1-5x—3)2

]

..\:_
(2+3x)2+(x—1)2+(x+1)2 6

L (51 + 24) = :x:‘?‘e“oro

Theplanesarer—y+ Z—3=10)
and 62X+ 29y + 19z — 105 = 0

- (a) Equation of a plane passing through the point @, -1-38)and
parallel to the given line is

=2 e 24 g
3 2 =4 =0
2 —3 2

= (x—2)(4—12)—(y+ 06+ 8)+ (z+ 3(9-4=0
= 8X+ 14y +13z+ 37 =0

i ok

+ (@) The common normal is |2 3 4

3 4 5
r=—i+2j-k

Shortest distance = (j + k)»llI = i6
r

iS
(@) Normal to OABis OA x OB = 12 =G j- 3k
2 kg3
ik
Normal to ABC is AB x AC=/1 -1 o
=2 —1 1
=i-5j- 3k

If@is angle between the planes, then

5+5+9 19
COSQ:-\:_
V35.4/35 35

urchasing novaP‘DF: (http://www.novapdf.com/)
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35. (@) Leta = 3i+ 4j- 6kandb=2i-3j+ 5k

- Diagonals of a parallelogram in terms of its sides are
p=a+b and p=b-a

= p=5i+j-k and gq=-i-7j+ 11k
The unit vectors along the diagonals are
5i+j-k and —i—7j+11k
25+ 1+1 (=1 + 49 + 121
5|+;_—k arid —i-7j+11k
V27 71

36. (c) Since, p and g are perpendicular.

p-q=0
Letq = xi + yj then
(8i + Bj)(xi+ yj)=0

= 8x+6y=0
) O
/ 6 3
: —4x\,  3Xi—4Xj _ Xiai _ 4i
g=xi+|— = 2T ) A=
(3)1 5 3( )

Again, the projection of vectorr = + (x40 + X, ])on vector p is 2
and onqis 4.

S 8%, + 6X,
10
and 2 OAEaE
10
= 8x, + 6x, =20
and 6x, — 8%, = 40
= 4%, + 3%, =10
and 3x, — 4x, =20
= X =4and x, = =2

r=+@i-2j)=%2@i-]

37. (d) Letr =aji+ aj+ak

Since, rlp and rlq
rp=0 and rq=0
= 2a, —8a, + 833 =0
and 4a, —2a, + 83 = 0
= 2a, — 3a, + 383 =0
and 4a, —2a, + 33 =0
g =% _ % __—k(sa)

3-8 12-2 —4-(12

= 3 10 8

a, = 3k, a, = 10k, 8; = 8 )
Again, (ai + aj+ azk)@i- 4j+ 2k) = -12

= 2a, —4a, + 283 =~ 12 (1)

463

From Egs. (i) and (i), we get
6k — 4 (10k) + 2 (8k) = =12
6k — 40k + 16k = — 12

Pos T, -
188!
a =2a :@a :1§.
1 =) 3' 3 3
r=2i+@j+1—§k
3 3

38. (d) Plane passing through a point (% .Y &) 18

A(x—x)+ B(y-y)+Cz-2)=0
-, Plane through 2, 0, 0)is

a(x—2)+b(y—0)+c(z—0)=0 o)
It contains (0, 2, 0), if
Da+2b=0=>-a+b=0 ()

Since, plane a(x—2)+ b (y=0) + c(z-0=0
makes an angle % with the plane 2x + 3y = 5.

L 2a+ 3b
2a+3b
J@ + b? +c?)(19)
(@a+ 3b)
W@ + b2 +c?)(3)
= 13@2 + b2 +¢%)= 100a°
a=10
: 13 (282 + ¢?) = 100a”
= 26a? + 13¢2 = 1008
= 1302 = 748"
74

= c=,—a
13

a:b:c:a:a:\/za
e

= a &l \5ha=1nlESET

cos

= @)

1:
4

39. (d) Shortest distance

'Xz‘x1 o= s
a by G
‘ aa b, Co

—SI N @
w N =

P 758

N w
w N =

i
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b }—1(8—6)+1(4—12)+1(9—4);
‘i(8—6)+j(4—12)+k(9—4)|

43. (d) Volume of the tetrahedron = -é[a bc]

_|-2-8458 L e
= - 6
VIO
=
= — = 0.52 unit =M2—
V93 3
40. (c) Now, a8, + b, + €L, = —3x 14 2% — 3 + 1% 2 44. (a) If the lines have a common point, then there exists A and
S such that
it : , ; 6-A=1+p
erefore, the lines are neither perpendicular nor parallel.
and —1+2h=-1+ 3u
= ) e T R T
Now,| -3 2 1 ) R = =G =2
| 1 -3 2 1 -3 2 r=3a+ 5¢c
=—14+ 8+ 4(-6-1)+ 59-2) 45. (a) In an isosceles AABC in which AB= AC the median and
== —28+ 385=0 bisector from A must be same line, so Statement [l is true.
: Now, AD=Y*V
41. (b) Any pointon the lines ; and L, are (-3r, —1, 2n + 31 —2)and o i
N, =3 +7,2r, =7
(‘. g dish ) = |AD[2=1[|u|2+[v|2+2u-v]
Since, they intersect each other, therefore 4 :
=3h-1=1,20+3==3, +7 =%(2+20030c)
and h=2=2r, =i ; o
, =lcose=
On solving, we get r, =2 andr, = -1
Hence, the required point is (2, 1, - 3). . Unit vector along AD = u+v)
o
42. (c)Here,a-a =|al® =16,b-b=|b|? =16,c-c =|c|* =16 ZCOSE
a-b=b-a =|a||b]cos% = 4-4~—;~ =8 46. (d) Direction ratios of PQ are 6-2,5-1-2 -6 /e, 4 4 —8
% ’ which are proportional to the direction ratios of the normal to the
ac=c-a= |a|f°|003§ = A A 5= 8 plane m, so PQ is perpendicular to .

Hence, Statement | is false and Statement Il is true.

Similarly, b-c = 8
a-a b-a ca
Now,[abcl’ =|a-b b-b c-b
a-c bc c-c

47. (a) The equation of plane through the line of intersection of the
planes x+ y+z=6 and 2x+3y+4z+5=0 s
X+ y+z—-06)+ A2Xx+ 3y+ 4z+ 5)=0 ()
Since, it passes through (4, 4, 4), then

16 8 8
=& A 4+ 4+ 4-6)+ A8+ 12+ 16+ 5)=0
!8 8 16 = 6+ 41 =0
2l | Y Lo 6
=831 2 1 ' 41
i 5 From Eg. (i), we get

H(x+ y+ z2-6)-6@x+ 3y+ 4z+ 5)=0
Bl
PR = 22 - 29X+ 23y +172=276

= [abc]= 322

».Volume of parallelopiped = [a b c]= 3242

=
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@)

e)
o
O
@)
O
s

Measure of Central
Tendency

Mean (Arithmetic Mean)
Geometric Mean (GM)
Harmonic Mean (HM)
Median

Mode

~ Measure of Dispersion

Statistics

Statistics is concerned with scientific method for collecting, organising,
summarising, presenting and analysing data as well as with drawing valid
conclusions and making reasonable decision on the basis of such analysis.

Measure of Central Tendency

An average or a central value of the statistical (series) data is the value of the
variable which describes the characteristics of entire distribution.

There are five types of central tendency.

1. Mean (Arithmetic Mean)

The sum of all the observations is divided by the number of observation is
called mean and it is denoted by X. The most stable measure of central

tendency is mean.

() Mean of Ungrouped Data
Tf Xt X DS the n observations, then mean (arithmetic mean) is

given by
B e X 2%

n n

X =
2]

= =il .
or x=A+- . whered, = x; — A and A is assumed mean.
n
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(i) Mean of Grouped Data
If corresponding frequencies of n observations are
1:J24-..s fp, then

f]x1+fzxz+...+fnx ,-=1f1 i

0 o

= -
f1+j2+...+fn L

n
,whered,:xi—AandN:Zfi
=1

(i) Weighted Mean

If corresponding weights are W, Wy,...,w, . then

n?’
wx

w
The weighted mean of first n natural numbers whose

weights are equal to the corresponding numbers is equal
(2n +1)

3

(iv) Combined Mean

If X,,%,..., X, be the mean of k groups of observations
with corresponding frequencies of size Ny, N,,..., 1,

: - LX) + X%, +...+n, %
then combined mean, x,, = %1 * % +...+ . %
I+ +.. ¥,

weighted mean, x,, =

to

X; = mean of first set of observations
X; = number of observations in first set
X, = mean of second set of observations

X, =number of observations in second set

2. Geometric Mean (GM)

If x;,%,...,x, are the n observations, then nth root of
the product of all observations is called geometric
mean,

(i) GM for Ungrouped Data

If x;,%,,..., %, be n non-zero observations, then

n
: 1
CM =(x, - x,...x,)" = antilog (; Ig:llog X,-J

(il GM for Grouped Data

If corresponding frequencies of each observation are

it
fl’er---:fn»then GM:[){{1 'Xzfz...XI{"]N

n n
= antilog Ij% '21 f;log XiJ where, N = 121 fi
1= =

JEE Main Mathematics i, e 40 Days

3. Harmonic Mean (HM)

The harmonic mean of any series is the reciprocal of the
arithmetic mean of the reciprocals of the observations,

(i) HM for Ungrouped Data

The harmonic mean of n items X15Xp,..., X, 1s defined as

HM = 4

e 1
— .+
X TG
=1
n
1 4 Y 1
1 w _[H"“XI]
ni=ix,

(i) HM for Grouped Data

If corresponding frequencies of each observation are

fl,fz,...,fn,thenHMz[i 5 LJ

N i=1 x,

4. Median

If the variable of series are arranged in ascending or
descending order, then the value of the middle variable
is defined as the median.

(i) Median for Ungrouped Data

Let x;,%,,.., x, be the n observations.

If n is odd, then Median = n; z th observation

If n is even, then

[ [ g)th + ( < + l)thJ observation
Median = 2\
2

(i) Median for Grouped Data

If in a continuous distribution, the total frequency be N,
then the class whoge comulative (comulative) frequency
is either equal to N/2 op just greater than NJ2 is called
median class.

N

=@

Median = ] + zf X h,

where,

I = Lower limit of median class

f = Frequency of median group

h = Size of median group

¢ = Cumulative frequency of group before median group

R/ WWW.Novabpd O[]
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. MOde where, I = Lower limit of modal class
Mode is the observation which has maximum f1 =TFrequency of modal class
frequency. fo = Frequency of the class preceding the modal class
(i) Mode for Ungrouped Data f, =Frequency of the class succeeding the modal class
If x,, %,,..., X, are the n observations and corresponding h=Class size

frequencies are Jsfosfy . then the corresponding
observation of maximum frequency is a modal value.

------- Relation between Averages

(i) Mod Let AM, GM and HM are the arithmetic mean, geometric mean
il Made for Grouped Data and harmonic mean respectively, then the following relations
In a continuous data the interval which has maximum are given below.

frequency called modal class. * (AM) (HM) = GM?

Then, mode = ] + fi—fo x h, ¢+ Mode = 3Median —2 Mean (Emperical formula)

2fi=fo-1a

Measure of Dispersion

A measure of dispersion is designed to state the extent to which the individual observations vary from their
average. There are following types of dispersion are

1. Range
The difference between the maximum and the minimum observation is called range.
1.e., Range =L —S
Coefficient of range = LiniS)
L+S

where, L = Maximum observation and S = Minimum observation
2. Quartile Deviation
It is one-half of the difference between the third and the first quartile.

. QS 2 Ql D Q3 i Ql
D = ==L and coeff: tof QD ==3_=L
ie., Q 5 and coefficient of Q! ar

where, Q, = Value of %th term and @, = Value of %th term

3. Mean Deviation (MD)

The mean, (mode or median) of the absolute deviations of the values of the variable from a measure of their average is
called Mean Deviation (MD).

(i) MD for Ungrouped Data

M=

X;— 2
Z x|

n

If X,,%;,,..., X, are 1n observations, then MD =

where, z = mean or mode or median
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(i) MD for Grouped Data

If corresponding frequencies of each observation are f,, f;,..., f,, then

n
2 filx -z n
MD==1___ where -;1 =

Coefficient of MD = Mean deviation x 100%

Corresponding mean

4. Standard Deviation (SD)

The square root of the arithmetic mean of the squares of deviations of the terms from their arithmetic mean is called
standard deviation and it is denoted by o.

(i) SD for Ungrouped Data

(
; = 1 5
e o X atemobservations, then g={2"L - =% 2 L
n

(i) SD for Grouped Data

If corresponding frequencies of each abservation are T sy I WG

2 il
X =
1f’ ! ] N [

The square of SD is called variance and it is denoted by 6*. Coefficient of variation = g X 100%
b

B [
N NL:‘

uM:
nMg

1

2
f,-xi] , where 4;21 =

5. Variance

Two different series having n, and n, observations and whose corresponding means and variance are X1, X, and 6,0,.
Then, combined variance,

2 2 2 2
- \/nlcl + 1,05 +n,d; + nyd;

il = gl
e . 3 X, + I, X,
where d, = (%, - %,,),d, = (%, - %;,) and %, = 21" 2%
17l A5 ik
» The algebraic sum of the deviation of a set of values from Effect of Average and Dispersion on
) l i s, Change of Origin and Scale

» Mean deviation from the median is less than that measured Changeoforia:

= gl il geoforigin | Change of scaje
¥ Standard deviatfon is always less than range. Mean Dependent Dependent
" Standarddewatwn/cz)fnnatural numbers is Median Not dependent Dependent

o =[ 4 e —I)] ’ Mode Not dependent Dependent

2 Standarq deviation Not dependent Dependent

» Quartile deviation = % G and mean deviation = g— (o) el Bl cepeon 2opedion,
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Practice

. If SD of variate x is o, then the SD of B0 VabpeRis
lal
@ (%o, b) |Blo
P e e
(c) SG S (d) None of these

. The median of 19 observations of a group is 80. If two
observations with values 8 and 32 are further included, then
the median of the new group of 21 observations will be

(a) 28 (b) 30
(c) 32 (d) 34

. If a variable takes the discrete values

o+ 40 —Z,(x —§,a—3)a—2,a+1,a—l,a+ 5
2 2 2 2

(where, o > 0), then the median is

=

S b) o —

i (b)

(@) o=2

(@) a—

(d) o+

s [ @ =

. The first of two samples has 100 items with mean 15 and
SD = 3. If the whole group has 250 items with mean 15.6
and SD=+/13.44 , then SD of the second group is
(a) 4 (b) 5
(c) 6 (d) 3.52

. If a variable x takes values x; such that a<Xx; <b, for

j =12, then

(@) a° < Var(x) < b? (b) a< Var(x)<b

© & < var(x) (d) (b—a)° = Var(x)
4

. The best statistical measure used for comparing two series

is

(a) mean deviation

(c) coefficient of variation
. If the mean age of combined group of boys and girl§ are
18 yr and the means of the age of boys bg 20 and of girls is
16, then percentage of boys in the group i1

(b) 50

(d) 65

(b) range
(d) None of these

(a) 45
(c) 25

Zoney

10.

11.

12.

13.

14.

AL

DAY
B

. If quartile deviation of a sample is 20, then the most likely

value of SD is

(a) 30 (b) 12 (c) 18 (d) 13

. An aeroplane flies around a squares the sides of which

measure 100 miles each. The aeroplane covers at a speed
of 100 m/h, the first side at 200 m/h, the second side at
300 m/h, the third side and 400 m/h, the fourth side. The
average speed of the aeroplane around the square is

(a) 190 m/h (o) 195 m/h

(¢) 192 m/h (d) 200 m/h

The mean deviation from mean of the observation
aa+d,a+2d,..,a+2ndis

2 7
@ n(n + 0)d (b) n(n + 1)d2
3 2
2
(© a+ ﬂ’%ﬁ (d) None of these

It the standard deviation Of X;, Xp,..., X, 18 3.5, then the

standard deviation of —2x; — 8 =2Xp —3,...,=2X; =3 is
(=T (o) =4

) 7 (d) 1.75

If the standard deviation of the observations

256N ARSI I P2 ANONS J10. The standard
deviation of the observations 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25 will be

(@) 10 + 20 (o) ~10 + 10
(©) ~10 (d) None of these

The mean and median of 100 items are 50 and 52,
respectively. The value of largest item is 100. It was later
found that it is 110 not 100. The true mean and median are

a) 50.10,51.5 (b) 50.10, 52
(:
(c) 150).:52 (d) None of these

If a variable takes the values 0,1,2,...,n with frequencies
proportional to the binomial coefficients O it s
then mean of the distribution is

n n(n+ 1)
(@ 5 (b) - 3
(©) o ) (d) None of these

2
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15. Find the mean deviation from the median of the following
data. [NCERT Exemplar]

Class interval 0-6 6»1_{_ | 12_1§_’_j8_2i 24-30
Frequency 4 5 SR 2
7 (¢) 7.1

(@) 7.08 (b) (d) 7.05

16. Let x;, x,,...,x, be n observations and Wi =Ix; + k for

i=12, ..., nwhere/andk are constants. If the mean of Xi's
IS 48 and their standard deviation is 12, the mean of W;'s is
95 and standard deviation of w;'s is 15, the values of / and K

should be INCERT Exemplar]
() I=195k=—5 (b) I=—1.25k=5
{Oile25 k== 5 (@25 s

17. The marks of some students were listed out of 75. The SD
of marks was found to be 9 Subsequently the marks were
raised to a maximum of 100 and variance of new marks was
Calculated. The new variance is

(@) 81 (b) 122

(c) 144 (d) None of these

18

Consider any set of 201 observations x;, X211+ Xoog, Xogy. It

IS given that X1 < X5 <...< Xp00 < Xpo1. Then, the mean
deviation of this set of observations about a point k is
minimum when k is equal to

@ 04+ X +..+ Xo00 F Xo01)/201

(b) x

(©) X0

(@) X0

Coefficient of
and their arithmetic means are 30 and
Difference of their standard deviation is

19 variation of two distributions are 50 and 60
25, respectively.

[NCERT Exemplar]

(@) 0 (b) 1 (c) 1.5 (d) 2.5

18 18
204 20— 8)= 9 ang Dl PR E 45 hentito: starolard

i=1 =1l

deviation of x;, x,,...., Xig IS

@ 2 (0) 2
9 4

(© 3 (d) None of these
2

21. Mean and standard deviation of 100 observations were
found to be 40 and 10, respectively. If at the time of
~ caleulation two observations were wrongly taken as 30 and
70 in place of 3 and 27 respectively, find the correct
standard deviation, _ [NCERT Exemplar]
(@) 10.20 (b) 10.24
(c) 10.29 (d) 10.27

22. The Quartile deviation of daily wages (in %) of 7 persons
given below 12, 7, 15,10, 17, 19 and 25 is
(@) 145 (b) & (¢) 9

.

(d) 4.5

23.

JEE Main Mathematics i»_us+ 20 Days

The mean of five observations is 4 and their variance is 52
I three of them are 1,2, 6 then other two are

(@4, 7 (b) 2,9

(c) 5,6 (d)2, 10

Directions (Q. Nos. 24 to 26) Let us consider the data of
marks of a student whose corresponding frequencies are given.

24.

25.

(a) 33.07 (b) 36.04

(c) 37.05 (d) None of these
26. The mean of the following distribution is

(a) 33.825 (b) 32.80

(c) 34 (d) None of these

Directions Q. Nos. 27 to 29)
two  statements :
(Reason).
choices, only one of which is the correct answer. You have to
select one of the codes @), (b), ()

27.

28

29

8-16 | 16-24 | 24-32 I 32-40 | 40-48 I 48-56

2EIEE

The median of the following distribution is
(a) 32,5

(b) 33.6

(c) 365

(d) None of these

The mode of the following distribution is

Each of these questions contains
Statement | (Assertion) and Statement ||
Each of these questions also has four alternative

and (d) given below.
(@) Statement | is true, Statement Il is true: Statement Il is 3
correct explanation for Statement |.

(b) Statement|is true, Statement Il is true; Statement || is not
a correct explanation for Statement |.
(c) Statement | is true; Statement Il is false.

(d) Statement [ is false; Statement || js true.
The algebraic sum of deviation from their mean is defined
N

as X (x —X).

/=1

Statement | The algebraic sum of the
20 observations measured from 30 is 2. The
the observation is 30

Statement Il The sum of deviation from thejr mean is zero, .
If n'is & natural number, then {

deviations of
mean value of

Statement | The mean

of the squares of
number is %

first n natural i

Statement I 3 = @

Standard deviation js not depend on change of origin 3
Statement | The standard deviation of n items is A and if

each item is decreased by 1, then SD will be A —p.

Statement I If each item increased or decreased by some
constant, then SD remaing unchanged,

R/ WWW. novapd
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38. If the mean deviation of numbers 1, 1 el e 2al

30. If the median and the range of four numbers
{x,y.2x + y, x — ¥}, where 0<y < x <2y, are 10 and 28
respectively, then the mean of the numbers is [JEE Main 2013]
(@ 18 (b) 10

€ 5 (d) 14

Mean of 5 observations is 7. If four of these observations
are 6, 7, 8, 10 and one is missing, then the variance of all
the five observations is [JEE Main 2013]
(@) 4 (b) 6

(c) 8 (@) 2

The mean of a data set consisting of 20 observations is 40.
If one observation 53 was wrongly recorded as 33, then the
correct mean will be [JEE Main 2013]

31.

32.

(a) 41 (b) 49
(c) 405 (d) 425
33. In a set of 2n observations, half of them are equal to a and

the remaining half are equal to — a. If the standard deviation
of all the observations is 2, then the value of|a| is

- [JEE Main 2013]
(@ 2 (b) ~2
(©) 4 (d) 242
All the students of a class performed poorly in Mathematics.
The teacher decided to give grace marks of 10 to each of the
students. Which of the following statistical measures will not
change even after the grace marks were given? [AIEEE 2013]
(a) Mean (b) Median (c) Mode (d) Variance
Let Xy, Xp...., X, D€ N observations and let X be their
arithmetic mean and o° be the variance.

34.

35.

Statement | Variance of 2x;, 2X5,... 2X, is 40°
Statement Il Arithmetic mean 2x;,2Xy,...,2X;, is 4X .
[AIEEE 2012]
(a) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement |

(b) Statementlis true, Statement Il is true; Statement I! is not
a correct explanation for Statement |
(c) Statement | is true; Statement Il is false

(d) Statement | is false; Statement |l is true

If the mean deviations apout the median of the numbers
a2a,..., 5ais 50, then |al is equal to JAIEEE 2011]
@3 (b) 4 () 5 (d) 2

For two data sets, each of size 5, the variances are given to
be 4 and 5 and the corresponding means are given to be 2

and 4, respectively. The variance of the combined data set
is [AIEEE 2010]

5 b
(@) . (b)

36.

37.

11
Z
13
Z

) 6 (d)

397

40.

41.

42.

43.

44

45.

1+ 100d from their mean is 255, then d is equal to

[AIEEE 2009]
(a) 10.0 (b) 20.0 (c) 10.1 (d) 20.2
Statement | The variance of first n even natural numbers is

e =

4

Statement Il The sum of first n natural numbers is

n(n+1)
2

and the sum of squares of first n natural numbers s
n(n+1)@n+1)

6 [AIEEE 2009]
(a) Statement | is true, Statement | is true; Statement Il is @
correct explanation for Statement |
(b) Statement | is true, Statement Il is true; Statement Il is not
a correct explanation for Statement |
(c) Statement | is true; Statement Il'is false
(d) Statement | is false; Statement Il is true

The mean of the numbers a, b, 8, 5, 10/is 6 and the variance
is 6.80. Then, which one of the following gives possible

values of a and b? [AIEEE 2008]
(@ a=3b=4 (b) a=0b="7
(c) a=5b=2 (d)a=1b=6
The average marks of boys in a class is 52 and that of girls

is 42. The average marks of boys and girls combined is 50.

The percentage of boys in the class is JAIEEE 2007]
(a) 40% (b) 20% (c) 80% (d) 60%
Let a population A has 100 observations 101, 102, .., 200

and another populaton B has 100 observations
151, 152, ..., 250. If V, and V5 represent the variances of the

two popul_ations respectively, then ﬁ is [AIEEE 2006]

(@) 9/4 (b) 4/9 () 213 (d) 1

If X, Xp,..., X, D& N Observations such that =x? = 400 and
¥x; = 80. Then, a possible value of n among the following is
[AIEEE 2005]

(c) 18 (d) 16
If in a frequency distribution the mean and median are 21 and
22 respectively, then its mode is approximately  [AIEEE 2005]
(a) 24.0 (b) 25.5 () 20.5 (d) 22.0
Consider the following statements.

(i) Mode can be computed from histogram.

(ify Median is not independent of change of scale.
(iii) Variance is independent of change of origin and scale.
Which of these is /are correct? [AIEEE 2004]
(@) Only (i) (b) Only (ii)
(©) (i) and (i) (d) (), (i) and (i)

(@) 12 (b) 9
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46. In a series of 2n observations, half of them equal a and
remaining half equal —a. If the standard deviation of the

JEE Main Mathematics in_us+ 20 Days

47. In an experiment with 15 observations on x, the following
results  were  available 3 =2830, 5x =170, One

observations is 2, then |a| is equal to [AIEEE 2004] observation that was 20 was found to be wrong and was
@ . (b) V2 replaced by the correct value 30. Then, the corrected
i B variance is [AIEEE 2003]
(© 2 (d) = (a) 78.0 (b) 188.66  (c) 177.33  (d) 8.33
Answers
1. (a) 2. (b) 3. (@) 4. (a) 5. (d) 6. (c) 7. (b) 8. (a) 9. (c) 10. (d)
11. (c) 12.:(e) 13. (b) 14. (a) 15. (b) 16. (a) 17. (c) 18. (c) 19. (a) 20. (c)
21. (b) 22. (d) 23. (a) 24, (b) 25, (d) 26. (d) 27. (d) 28. (b) 29. (d) 30. (d)
31. (a) 32. (a) 33. (a) 34. (d) 35. (¢) 36. (b) 37. (b) 38. (¢) 39. (d) 40. (a)
41. (c) 42. (d) 43, (d) 44, (a) 45, (c) 46. (c) 47. (a)
® o
Hints & Solutions
L lety =" g = 9 6. The best statistical measure used for comparing two series is
2 P - coefficient of variation.
{Z(u—z])2 a2 ) (e at a
4 SRS /_2 = 705 =0, 7. Let there be 100 persons and out of 100 there are x boys and
V .z \p 22 P P 100 - x are girls.

2. Since, there are 19 observations. So, the middle term is 10th.

After including 8 and 32, i.e., 8 will come before 30 and 32 will
come after 30,
Here, new median will remain 30.

3. Firstly arrange the given data in ascending order.

a—z,a—3,a—§,a—2,a—1,a+-1,05+ 40+5
2 2 2 2

-.Median = ;- [Value of 4th item + Value of 5th item]

1 )
| :tf+a~é:2a_é:a_§
| 2 2 4
4. We know that, 62 = (0T + d7) + ny(of + df)’
: n + n,
whered, = m, - a,d, = m, - a, abeing the mean of the whole
group.
15.6 = 100X 15+ 150 m, ST
250
[(100x 9+ 150x 62) 2]
2 04
Thus, 1344 = +100% (0.6)° + 150 (0.4)
250
= 3360 = (900 + 150 62 + 36 + 24)
; 6’=16 = o=4
5. Since, SD<Range = o< (b-a)
‘ o= (b=aP
= (b-ay > Var (x)

-

According to the question, 16(1001_0? 200" _ 18
B ' 1600 — 16x + 20x = 1800

4x =200 = x=50
Hence 50% of boys in a group.

8. - Quartile deviation =§ x Standard deviation

- Standard deviation = 202X J =30

9. Using the harmonic mean formula,
A& i

i

_=_Z—/ = H:
H Ni=tx 14
N/=1X,»
. Average speed = ‘* =192 m/h
foptiatass 1y o) 1onni
100 200 300 400
10. x = [a+(a+d)+...+(a+2nd)]
2n+1
= 2n+Na+dl+2+
2n+1[( ) { gl
=a+dQ.M=a+nd
2 2n+1
MD from mean = Z|x — x|
2n + 1

gl
2n + 1

2ld[(1+ 2+ ... 4 py= 00+ ]|
@n+ 1)
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X — A
11. Ifd, = ‘—h‘,then o, =|hloy

X; + S
Now, -2x — 3= __1£
2
Here, h=_1
2
1
Oy =—0,=2%x35=7
d ]/7| X

12. The new observations are obtained by adding 20 to each
previous observation.,

Hence, the standard deviation of new observations will be same

ie., \%.

13. Given, mean X = =X  $x = 100x 50 = 5000
n

5000-100 + 110
100
But median remain same i.e., 52.

Corrected mean = = 5010

n
14. Here, N = IE)‘, =k("Cy + "Cy + ...+ "C,)
=k(1+1)" = k2"
where, k is a constant of proportionality.
and Xfx; =k(1-"C; +2-"C, + ...+ n-"C,)

=kn[1+(n—1)+ (L_w'l- .,.+1}=kn2”"
- Mean, X = - (02" g2
ol 2
15. :
Mid
.Ctlassl value ol oof | Ix—Myl | T1X— Ml
interval .

06 3 4 | 4 11 44
6-12 9 ) 9 8 25
12-18 15 5 512 1 3
18-24 21 6 | 18 7 42
24-30 27 2 20 13 26
Total 20 140

N _ 20

Now, — = == = 10, which lies in the interval 12-18.
2 2

[=12,cf=97=3

N-cf
10-9 v, “h
My =12 + - x 6 M, =1+ -
=12+2=14
| x — M, 140
Mean deviaﬁon:ﬁ’.x/__g_'=__=7

N 20

16. Given, w, = Ix + k M (x)=X = 48,6 (x) =12, M () = 55 and
o (w)=15

M (W) =IM (x)+ M (k)

17.

18.

19.

20.

2415

55 =[x 48+ k
o(w;) = lo(x;)+ o(k)
16=/(12)+ 0

e
12

S

55=125x 48+ k = k=155-60
k=-5

From Eq. (i),

Given, o =9
Let a student obtains x marks out of 75. Then, his marks out of
100 are % Each observation is multiply by g

New SD, o = 4x 9=12
3
Hence, variance is 62 = 144,

Given that, x; < X, < X3 < ... < Xop
201+ 1

2

Hence, median of the given observation = ( )th item = X4

Now, deviation will be minimum of taken from the median.
Hence, mean deviation will be minimum, if k = ;4.

Given, coefficient of variation, C, = 50

and coefficient of variation, C, =60
We have, X, = 30and X, =25
c=2x100 = 50="21x100
X 30
= c1=15and60=9—2—><100
25
= 6, =15

Required difference, 6; — 6, =16-15=10
Let d;=x -8

_ 00X 401 3+ 27 = 80 =70 i
New mean, X = i

100

_4000-70 _ 3930 _ 4.
100 100
=4 = N(c? + X?)

SD = 100 (100+ 600) = 170000 I

New

2x% = 170000 - (30)% ~ (70)° + (3)° + (7)2
= 170000 — 900 — 4900 + 9 + 729
= 164938
2 !
- New SD = \/New—zx — (New )2 = 164938 _ (59502
N 100

= [1649.38 — 1544.49 = /10489 = 10.24



http://www.novapdf.com/
http://www.novapdf.com/

474

22. Firstly arrange the data in ascending order
e 7,10, 12, 15, 17, 19, 25,

= Size of 2nd item = 10

5
Q5 = Size of P@iﬂthJ item
4
= Size of 6th item = 19
~.Quartile deviation = 935,9. =000
2

23. Let the two observations be Xj,and x,.

Then, 1_%:4
5
- X+ X, =11 ()

(1-92+@-22+(E_4g2
5 =97 + (x, - 92

and =52
= (x.[—4)2+(x2—4)2=26—9—4—4:9 ....{ii)
On solving Egs. (i) and (ii), we get
Sp= A e e =
Solutions (Q. Nos. 24 to 26)
X f I of
0-8 5 5
8-16 10 16
16-24 13 28
24-32 25 53
32-40 35 88
40-48 i@ 107
48-56 13 120
Here’ N — EQ = 60
2 2

So, the median class is 32 - 40,

Here, /=82/f=85,c=53h=28

W

Median=/+2f x 8

24, ., X h= 32 +

¢ 60— 53
35

=80 X8 _ 55 u6 _ 435
35

25. The maximum frequency is in the interval 32-40, which is a
modal class, for this / = 32,f = 35,f = 25,1, =19,h = 8
foh i h=gps 35-25

o 70— 25— 19

Mode = / +

=30 4 10228= 32 + 307 = 3507

2 Mean = 3 Median — Mode

= 3(33.6) - 3507 = 100.8 - 3507 = 6573
- Mean = 32,865

27,

28.

29.
30.

31.

32.

33.

34.

35.

JEE Main Mathematics i us+ 40 Days

Since, Deviation = Z(x~A) = 2= X —20x 30
= Zx = 602
Mean = % = 3011
20

Required mean = Z7° _ M0+ )@n+ 1)_ (n+ )@n + 1)

n 6n 6
Hence, statement | is also a true statement.
Statement Il is true and Statement | is false.

First we arrange four numbers according to the condition
O<y<x<2yie, X=V, Y, X2X+ y
Median _2ndterm+ 3rd term: 10

2
= Y+ x=20 (0
Range = @x + ) - (x=y)=28
=> X+2y=28 ()

On solving Egs. (i) and (ii), we get, x = 12, V=4
So, for numbers are, 4, EHI2882

Mean— 4+ 8+ 12432 66_.,
4 4
Mean, 7:%; X=4
Variance = O0=7F + @ =7 +8-7F+10-77 + (4-7)
5
_ P+ 04 17 37 e2 2.
e f o

Given; _22% = 40= S,y = 20x 40 = 800

* Dy = 800 - 33+ 53 = 820 o0 _ 820
20 20
-.New mean = 41

Mean = (a + a + ..+ ntimes) + (—a—a—..‘—ntimes) =
2n
oo [ =3P J\gtm
2n 2n
2= (3)2—2’7=]a|
2n

e
Ifinitially all marks were x; then o2 = E(X,T—x)

Now, each is increased by 10. [
2 _Z(%+10)= (X + 10)12
0-2 = /i )N ( )] = 0_12
So, variance will not change whereas mean, median and mode
will increase by 10. {

Statement | AM = M : [
n of
]
*d
=2 (%) =2% b
n

Statement Il Hence, it is obvious that Statement Il is false.
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36. Median of a, 2a, 3a, 4a, ..., 50ais 292 + 26a

..... =(25.5)a
X, —med
Mean deviation about median = ‘ |an’
n
= 50 = f2 g
50 R |al(05+ 15+ 25+ ... + 24.5)}
2 -
2500 —4@1 @05+ 24x1) =2|a]. 2_5 ©5)
la=

37. Hereof =4 62=5%x=2 andj=4
Now, )5;1:2 = 2x,=10; £,=20 and o2 :(1Zx,2)—(>_<)2
5
= EIx’=5(4+4)=40 and o? = (%ny}—o—/f
and Ty? =5(5+16) =zy’=105

1 2 +)72
= —(EX"+Xys - 2L
10( ) ( 2 j

x|

Combined variance, 6.2

=i(40+1o5)_9=w’__9ozgzﬂ
10 10 i@ 2
D
38. (%)= Sum of quantities _ o
n n
%(1+1+100d)—1+50d
MD = l):|><—><|
n
= 255=T(50d+49d+48d+,,.+d+ 0+d + ...+ 50d)
N 2a (50)( 51)
% J01 2
_ 2B5% 101, 40
502 5

39. Statement Il It is true.
Statement | Sum of n even natural numbers = n (1 + 1)

Mean (%) = (”n* L

Variance = {1 Z(x,-)z} - (X = % R?+ 4+ ...+ @nfF] - (0 + 1
n
2212 + 22 +..+ n?]—(n+ 1

—

]

ot

n

4 n(n+1)@n+1)

% 2
(n+ He@En+ )-8+ D] _ (n+N(n=1_n" -1

. 3 3 3
Hence, Statement | is false.

40. According to the given condition,

(6-a)> +(6-b)° + (6~ 8)22]
+(6-5°%+(6-10)

6.80 =

5
=(6ra)?+(6-b)>+4+1+16

=

= W(6-2a)°
= (6—a)°

+(6-b)2=13=9+4

+(6-b)2 =32 +22
a=3b=4

41. Let the number of boys and girls be x and y.

52X+ 42y =50(x + y)
52X + 42y = 50x + 50y
2x =8y
X=4y
... Total number of students in the class = x + y=4y+ y=>5y

UL (R

. Required percentage of boys = (g X 100)% = 80%
Yy

42. Since, variance is independent of change of origin.
Therefore, variance of observations 101, 102, ..., 200 is
same as variance of 151, 152, ..., 250

Vi g__
B

43. Given that, Zx? = 400and Zx; = 80, since 62 > 0

2
— el

@ﬂ20$@1%@w
m

n n?
nz16

44. Given that, mean = 21and median = 22
Using the relation, Mode = 3 Median — 2 Mean
Mode = 3(22) — 2(21)= 66— 42 =24
45. It is true that mode can be computed from histogram and

median is not independent of change of scale but variance is
independent of change of origin and not of scale.

46. Inthe2nobservations, half of them equal to @ and remaining half
equal to —a. Then, the mean of total 2n observations is equal to

2er0.
T (x — X)?
Sl
N
=x2 E DEr
S g Al s G,
4 2 2n =3 2n 2n
= Pl

47. Given,n =15, x* = 2830 and £x = 170
Since, one observation 20 was replaced by 30, then

=x? = 2830 — 400 + 900 = 3330

and Ix=170-20+ 30=180
ST (Ex)z
Variance, 62 = 22
n n
Sl (@)g
15 1(9
_ 8330-2160 _ 78.0
ill5
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Probability

Sample Space and Event

The sample space is the set of all possible outcomes of an experiment (tossing a
coin, rolling a die, drawing a card from a pack of playing cards).

An event is a subset of S, If a die is rolled, then S

Types of Events
The different types of events considered in probability theory are described beloy,

1. Equally Likely Event

The given events are said to be equally likely,

if none of them jg expected to
occur in preference to the other,

2. Mutually Exclusive/Disjoint

A set of events is said to be mutually exclusive,

if occurrence of one of them
prevents or denies the occurrence of any of the

remaining events,
If a set of events E\, E, ..., E, for mutually exclusive events, then
BE@E o o E,) = o.
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4. Complementary Events

In a random experiment, let S be the sample space and E
be an event. If EcS, the E° cS is called the
complement of E.

A set of events is said to he exhaustive, if the
performance of the experiment always results in the
Occurence of atleast one of them,

Probability of an Event

iy . w
Probability is a measure or estimation of how likely it is that something will happen or that a statement is true.
The higher degree of probability, the more likely the event is to happen or in a longer series of samples the greater
the number of times such event is expected to happen.

If the sample space has n points (all possible cases) and an event A has m points (all favourable cases), then the

probability of A is P(A) = 2,
n
(1] Probabihty of Odds in favour of A = M = ——In— [11) PI‘Obablllty of Odds in against A m = L
RA)N L P(4)  m

Probability of getting a sure event is 1 and probability of getting an impossible event is 0.

" If an event has more than one sample point, it is called a compound event.
e.g., Getting atleast one head in the experiment of tossing two coins simultaneously:

Addition Theorem of Probability

The addition theorem in the probability concept is the process of determination of the probability that either event A or
event B occurs or both occur. The notation.between two events A and B the addition is denoted as ‘U,

1. Addition Theorem for Two Events

Booley’s Inequalities
(i) P(A ~ B) = P(A) + P(B) - 1
(i) P(A A B~ C) 2 P(A) + P(B) + P(C) - 2
(i) P(A, N A, (oo A ) > él EUA == )

If A and B are two events associated with a random
experiment,
then P(AUB)=P(A)+P(B)-P(An B) which is
equal to the atleast one of the event is occur.
» P(A"B)=I—PAUB)
» P(AUB)=I—PANB)
» P(A)=P(A nB)+ P(ANB)
» PB)=PB NA)+ PBNA)

. Addition Theorem for Three Events

If A, B and C are three events associated with a random

experiment, then
P(Au BuUC)=P(A)+P(B)+(C)-PAn B)

—-P(BNnC)-P(C n A)+P(AnBnQC).
(i) The addition theorem for n events A, ,A,,..., A, is
P( ¥ AJ: ﬁ] Pl4)- IX P(A; N A)
i=1 1= 1<i<j<n

PRy P(AimAjr‘\Ak)+...+(—1)"_1P(A1 AT EA )

1<i< j<k<n

(ii) For any two events A and B,
P(A » B) < P(A) < P(AU B) < P(A)+ P(B)

» P (exactly one of E;, E; occurs)
= RE@s O HREm
s BENSREIREISIRE NEREIRE)
=RE)RENSPEEIRIE
W P (neither E, norE;)
=RE@®E ) =I=PEYE)
PRECEOSISREIRE)
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Conditional Independent Events

Pr Obab'hty Two events are saig to be independent, if the occurr

If A and B are two events associated depend upon the other. I
with the sample space of a random

ence of one does not
»s B are independent events, then

experiment, then conditional probability a0 m 5 g et 5ol = P(E) ). P(EEJ'_ % -
of the event A given that B has | IfE and F are independent events, then the pairs £ ang F,E and F,FE and F are
occurred i also independent,
: (A)_P(AnB) :
e, .p(£)-24 . ~ Properties of Independent Events
PB)%0 ! IfAand B are two independent events, then
(i) A" and B’ are also independent events.
Properties of Con ditiohal i (i) A’ and B’ are also independent events.
Probability { (ili) A’ and B’ are also independent events.

Let A and B be two events of 4 sample Important Results

space S of an experiment, then If n letters corresponding to n envelopes are placed in the envelopes at random,

C R 1
’ (i) probability that all letters are in right envelopes = —
() < 1_p(A ' o
(i (E) i (E) { (i) probability that all letters are not in right envelopes =1 — i’
: n!
where A’ is complement of A. (iif) probability that no letter is in right envelopes
i I e 0l
el : = ekt (e
Multiplication Theorem of 2l 3! 4l n!
probab"ity (iv) probability that exactly r letters are in right envelopes
e pe B
If A'and B are two events associated : B Tl el (1)
; ; i A\ IS T (n—=r)!
with a random experiment, then i

5
P(AN B)= P(A)'P(Z}P(A) #=0 Baye’s Theorem

of P(AB)=P(@B) P ﬂj P(B) # 0 Let the: sample spaceb? be the union of n non-empty disjoint subsets (mutually
B exclusive and exhaustive events).

ke S=AUA Yool AL,
Extension of i and AN Ai=0i%]
Multiplication Theorem | For any event B such that
If A, A,..., A, are n events associated B=(A;nB)U (4, N B)u...U (A, N B)
with a random experiment, then !
PAANAN... NA)
4 AQJ ( As J
=PA)P| 22| p| T8
54 ( A)\Ana
~-P( 2 ] P(A4; 0 B) _ P(A)P(B/A)
A,ﬂAz('\...hA,_1 Then, P(AI/B)= PI(B] = = 1 1
H i=zl P(A)P (B/A;)
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Probability Distribution

A m;doqz Vqrzablfe is a real valued function whose domain is the sample space of a random experiment. A
random variable is usually denoted by the capital letters X,Y,Z,... and so on.
The random variable may be of two types as given below.

1. Discrete Random Variable

A I“aIII)(liom variable which can take only finite or countably infinite number of values is called a discrete random
variable.

2. Continuous Random Variable

A random variable which can take any value between two given limits is called a continuous random variable.

Probability Distribution of a Random Variable

If the values of a random variable together with the corresponding probabilities are given, then this description is called a
probability distribution of the random variable.

If a random variable X takes values, x;, %,, X;, .., X, with respective probabilities p;, p;, Ps;---: Py, then
X Xq Xo X3 Xn
P(X) Py jo Ps Pn
is known as the probability distribution of X.
The probability distribution of random variable X is defined only when the various values of the random variable.

n
8.8, Xq Xy Xaye -5 Xy, together with respective probabilities p; , p,, P3,---» P satisfies _le,- =
1=

Mean Bernoulli Trial
If X is a discrete random variable which assumes vaiues In a random experiment, if there are any twp. Qvents. “Success
%o Xo. Xar... X With respective probabilities Py, P2, Pa -« Pn: and Failure” and the sum of the probabllmes of these two
t;]’nnzt,hea ‘me‘ann>~< of X is defined as events is one, then any outcome of such experiment is known

7 as a Bernoulli trial.
X =Py Xy + PoXo ...+ PiXi

= n ° ° e . °
or X =2 pix; Binomial Distribution

The probability of r successes in n independent Bernoulli
Trials is denoted by P (X=r) and is given by

P(X = ,.) = nC,prqn—r

The mean of a random variable X is also known as its
mathematical expectation and it is denoted by E X).

Variance where, p = Probability of success
If X is a discrete random variable which assumes values and g = Probalbility of failure
Xq, Xps Xgy -1 Xp with the respective probabilities Py P2+ P and p+q=1
then variance of X is defined as (i) Mean=np

n e (i) Variance = npq
a .
Var (X)= X : pXF — (,21 Pfo] : (iiiy Mean is always greater than variance.
i= =
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1. If 6 objects are distributed at random among 6 persons, the

probability that atleast one person does not get any object
is

313 Sills)
8) —=— o) Yl
( 324 ®) 322
317 319
Gl —— (o)
¥ 324 @) 324

2. A bag contains 14 coins of which 3 are counter-fiet with
heads on both sides. The rest are fair coins. One is selected
at random from the bag and tossed. The probability of
getting a head is

10 10
(o) = 6)) 2=
) 21 (B) 19

(c) %% (d) None of these

3. If three distinct numbers are chosen randomly from the first
100 natural numbers, then the probability that all three of
them are divisible by both 2 and 3 is

4 4
(a) 55 (b) 35

4 4
(e) E (d) T

4. Consider two events Aand B. If odds against Aare as 2 : 1
and those in favour of AUB are as 3 : 1, then

1 3 5 3

1<pp<? S <pp)<®
(a)2<()<4 (b)12<()<4
© % <PB)< g (d) None of these

5. An unbiased coin is tossed. If the result is a head, a pair of
unbiased dice is rolled and the sum of the numbers
obtained is noted. If the result is a tail, a card from a well
shuffled pack of eleven cards numbered 2,34, ...12 is
picked and the number on the card is noted. The probability
that the noted number is either 7 or 8 is

192 198 193
(a) T (b) T () =

6. If the letters of the word ‘MATHEMATICS' are arranged

arbitrarily, the probability that C comes before E, E before
H, H before | and | before S, is

1 1 1 1

ok o) e < @ e
(@) 75, ) 24 fe) 120 (@) 720

17
(el

7. Nine-digit numbers are formed using 1,2,3...,9 without
repetition. The probability that the number is divisible by 4 is

(@) (b)

©) (d)

©=N|N
© [N |

8. Afour digit numbers is formed with the digits from 1, 2, 3, 4,
5, without repetition. The probability that it is divisible by 3,

1
d) ~
(©) ()6

©w
=
| —

9. A and B stand in ring along with 10 other persons. If the
arrangement is at random, the probability that there are
exactly 3 person between A and B, is

1 2

&) — )=

@ 11 ) 11

3 1

e &) =

11 ) 112

10. Alot contains 50 defective and 50 non-defective bulbs. Two
bulbs are drawn at random one at a time with replacement.
The events A B and C are defined as the first bulb is
defective, the second bulb is non-defective, the two bulbs
are both defective or non-defective, respectively. Then,
(@) A Band C are pairwise independent
(b) A Band C are pairwise not independent
(6) A Band C are independent
(d) None of the above

©

11. A person goes to office either by car, scooter, bus or train
the probabilities of which being ;,g,gand %, respectively.
The probability that he reaches office late if he takes car,
scooter, bus or train is %,%,gand 3 respectively. If he

reaches office in time, the probability that he travelled by caris
1 1 2 1
)P 5) = clf = M4
(@) : (b) 5 (0) o (d) >
12. Two dice are tossed. The following two events A and B are
A={(Xy): x+y=11, B={(x,y): x = 5}
where, (x, y) denotes a typical sample point.[NCERT Exemplar]

(@) not independent (b) independent
(¢) mutually exclusive (d) None of these
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13. A man throws a fair coin a number of times and gets
2 points for each head he throws and 1 point for each tail he
throws. The probability that he gets exactly 6 points is

ARy ) 41
@ 2 e = <
32 ® 2 © & L

14. One function is selected from all the functions F:S — S,

where § ={12,3 4,5 6}. The probability that it is onto

function, is

o) byl
324 324
S 5

Gy e 21

( 162 @ 81

15. In a hurdle race, a runner has probability p of jumping over
a specific hurdle. Given that in 5 trials, the runner
succeeded 3 times, the conditionals probability that the
runner had succeeded in the first trial, is

o) =
@ ()5

(c) (d) None of these

o= olw

16. Two ball are drawn at random with replacement from a box
containing 10 black and 8 red balls. The probability that
(i) both balls are red

(ii) first ball is black and second ball is red
(iii) one of them is black and other is red

are, respectively [NCERT]
il 20 g 0 (o 20 e

81 81 81 81 81 81
(c) @ 16 and 40 (d) None of these

81 81 81

17. A group of 10 boys are randomly divided into two teams
containing 5 boys each. The probability that the two tallest
boys in different team is

28 b) 2
(a) - (b) 95
© 2 @

11 11

18. If 3numbers are selected from the first 15 natural numbers,
then the probability that the numbers are in AP is

7 9
e Ve
8 6
© & e

19. There are 5 balls numbered 1 to 5 and 5 boxes numbered
1to 5. The balls are kept in the boxes one in each box. The
probability that exactly 2 balls are kept in the cqrrespondmg
numbered boxes and the remaining 3 balls in the wrong

boxes, is :
1
1 1
© 11'6 (d) -15

20. A pack of playing cards was found to contain only 51 cards.
If the first 13 cards which are examined are all red, then the
probability that the missing card is black, is

2 15
(@ = (b) =

16 37
© % () =

21. There are 2 teams with n persons in each. The probability of
selecting 2 persons from one team and 1 person from the
other team is 6/7, then n is equal to

(@) 3 (b) 4 (© 5 (d) 6

22. A box contains 8 white and 4 black balls. The balls are
drawn randomly one-by-one until those of the same colour
left in the box. The probability that they are white, is

3

2) = fo) = e = el =

(@) : (0) 5 (©) . (d) 4

23. Let x =33". The index n is given a positive integral value at
random. The probability that the value of x will have 3 in the
unit’s place, is

1 1
(@) 7 (b) 5
© % (d) None of these

24. If X, X,,..., X5 are fifty real numbers such that x, < x,., for
r=12,3...,49 Five numbers out of these are picked up at
random. The probability that the five numbers have x5, as
the middle numbers, is

20 30 30 19
(@) Cgox C, (b) Cgox C,
CS CS
19 31
(c) (e O (d) None of these
50c5
25. A discrete random variable X has the following probability
distribution
X 1 2 3 4 5 6 7

). e | zeoifcenlice Siicasisoceilire 2t e

The value of C and the mean of the distribution are
’ [NCERT Exemplar]

(8) - and 366 (b) —-and 2.66
10 20

(©) —Land1.33
15

(d) None of these

26. A draws two cards at random from a pack of 52 cards. After
returning them to the pack and shuffling it, B draws two
cards at random. The probability that thier draws contain
exactly one comman card is

25 50
2) — 9 ==
@ 546 ®) 663
25

(©) (d) None of these

663

A i e

481
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27. The chances of defective screws in three boxes A B and C
are g,éand ; respectively. A box is selected at random

and a screw drawn from it at random is found to be
defective. Then, the probability that it come from box Ais

16 1
A o) =
. 29 - 15
ev 42
52508 A==
L/ 59 . 107

28.

A fair coin is tossed n times. If X is the number of times
heads occur and P(X = 4),P(X = 5) and P(X =6) are in AP,
then n is equal to

(@) 13 (b) 7

(c) 11 (d) None of these

29. The mean and variance of a binomial distribution are 4 and

3 respectively, then the probability of getting exactly six
successes in this distribution is

16 1 & 3)° 16 3 N
@ “eofz) (3) 2 Ol
Tl s
fal ) (2) f
(c) 6(4/, (4 (d) None of these

In an examinations, 20 questions of true-false type are
asked. Suppose a students tosses a fair coin to determine
his answer to each question. If the coin falls heads, he
answers true, if it falls tails, he answers false. The probability
that he answers atleast 12 questions correctly is

30.

[NCERT]
1 20 20
() (5) (f8e, +2%C., + . +79C,,,)
L 20 20
(b) {5) (e Co . 7C,)
20
© (%) (*°Cy; + 2Cy, + )
\
(d) None of the above
31. An umn contains 10 coupons marked 1, 2, 38, ..., 10. If two

Coupons are drawn, then the chance that the difference of
the coupons exceeds 3 is equal to

8 7
(@) = (b) E
1 3
(c) E (d) 21

32

.

Two independent events namely A and B and the
probability that both A and B occurs is % and the

probability that neither of them oceurs is % Then, the

probability of occurrence of event B is

@ 2 "3‘/7_ (b) #
4+ 6 4.6
(© g (d) e

JEE Main Mathematics i _us+ 20 Days

33. A committee of 4 students is selected at random from a
group consisting 8 boys and 4 girls.Given that there is
atleast one girl on the committee, the probability that there

are exactly 2 girls on the committee, is [NCERT Exemplar]
7 18

Al o)) -

& 99 () 99

(© L (d) None of these
99

34. One Indian and four American men and their wives are to
be seated randomly around a' circular table. Then, the
conditional probability that the Indian man is seated

adjacent to his wife given that each American man is seated
adjacent to his wife, is

1 1
(@) 5 (b) =
2 1
© = (d) %

35. Two numbers are selected randomly from the set
S ={123456} without replacement one-by-one. The
probability that minimum of the two numbers is less than 4,

1 o Al 1 4

e e el ¢

(a) T (o) " (©) z (d) =
Directions

(Q. Nos. 36 and 37) If a particular experiment be
given n ( a finite) indeperndent trials.

If the probability of success in one trial (say) p, we get

The probability of failure, qg=010-p)

The probability of r success in n trials = d@ibic el

36. The probability of man hitting a target in one fire is 1/4.
Atleast n times he must fire at the target that the chances of
hitting the target atleast once will exceed 2/3, then n is
(@) 2 (b) 4
(c) 6 (@) 8

37. A coin tossed 4 times whose faces are marked with the

numbers 5 and 3. The odds in favour of getting a sum less

than 15 is

5 5 16 11
) — 9)) = iy ) e
()16 ()11 (C)5 ()5

Directions (Q. Nos. 38 and 39) There are fours boxes
A1, Ay Ay and Ay, Box A has i cards and on each card a number js
printed, the numbers are from 1 to i. A box is selected randomly,

the probability of selection of box A is % and then a card s

drawn. Let E; represents the event that a with number i js drawn.
Then,

38. P(E,)is equal to
(@)

i
5
2
5

©

N/ WWW. NOVADQO O[]
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A
39. P (E—a] is equal to

2

o L 1 1 2
(@ . (0) 5 (©) 2 (d) =
Directions (Q. Nos. 40 to 44) Each of these questions contains
two statements : Statement | (Assertion) and Statement |l
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given below.

(a) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement |.

(b) Statement | is true, Statement Ilis true; Statement Il is not
a correct explanation for Statement |,

(c) Statement | is true; Statement Il is false.

(d) Statement | is false; Statement Il is true.

40. Consider a natural number x is chosen at random from the
first 100 natural numbers.
Statment | The probability that X=10)(x=50) | ¢ g 69,
(x — 30)
Statement Il If Ais an event, then 0 <P(A) <.

41. Consider the relation P (A)+ P (A)=1.

Statement | 20 persons are sitting in a row. These
persons are selected at random. The probability that two
selected persons are not together is 0.7.

Statement I If Ais an event, then P(not A)=1- P(A).

et i
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42. Statement | If 12 coins are thrown simultaneously, then
probability of appearing exactly five head is equal to
probability of appearing exactly 7 heads.

Statement Il "C, ="C, = either r=s or r+8=0 and
P(H) = P(T)in a single trial.,

1
43. Consider A and B are two events such that P(A)=§ and

PBI=3.

Statement | <P(AnB)<—.

o —
N | —

Statement Il P(Au B) <max{P(A), P(B)}
and P(AnB) = min {P(A), P(B)}.

44. Consider Aand Bare two
0 < P(A), PB)< 1.

Statement | P (g) + P [é] = §.

events such  that

Statement Il P (g) =

and

AIEEE & JEE Main Archive

45. let ABandC try to hit a target simultaneously but
independently. Their respective probabilities of hitting the
targets are %% and g The probability that the target is hit

by Aor B but not by C is [JEE Main 2013]

21 7
= 1)) =
(a) = (b) 8

74 9
© 3 @ &

46. Let two independent events, if the probability that exactly
one of them occurs is %g and the probability that none of

them occurs is 122, then the probability of more probable of

the two events is [JEE Main 2013]
4 6

) s b) =

@) . i (b) =
3 5

C) — =

(© = (d) .

47. If two events A and B are mutually exclusive events such

e e P ‘4" _ then the set of possible
values of x lies in the interval

(@ [01] (o) ]

15 4

C) |-=—= d) | -=. =

© -1 °] @|-% !
48. A multiple choice examination has 5 questions. Each
question has three alternative answers of which exactly one

is correct. The probability that a student will get 4 or more
correct answers just by guessing is

117 18
& Pls

[JEE Main 2013]

w | =
l\‘w“\;

[JEE Main 2013]

11 10
(a) (©) ® (d) =

49, Three numbers are chosen at random without replacement
from k258 asNIie probability that their minimum is 3,
given that their maximum is 6, is

3 —_—
ok (®) ©

[AIEEE 2012]
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50. Consider 5 independent Bemoulli's trials each with 55. 1t is given that, the events A and B are such that
probability of success p. If the probability of atleast one P (A):l, P (A B):landP B| A)zé Then, P (B)is
failure is greater than or equal to 31/32, then p lies in the 4 2 3 [AIEEE 2008]
interval [AIEEE 2011] @ i b) il © i d) 2

3 1 11 1 3‘, 2 6 3 3
@(==| ool © [Mn @ < hin
(4" 12] 2 12 2 4] 56. Adie is thrown. Let A be the event that the number obtaine
£ i : ‘ is greater than 3 and B be the event that the number

51. Anum c.ontams nine balls of which three are red, four are obtained is less than 5. Then, P (AU B)is [AIEEE 2008]
blue and two are green. Three balls are drawn at random 2 3
without replacement from the urn. The probability that the @ 5 (b) 5 o (e
three balls have different colo IS, is : :

81 5 . '1 [QIEEE ¢ 57. Two aeroplanes | and Il bomb a target in succession. The
(@ s (b) = (©) > (d) = probabilities of | and Il scoring a hit correctly are 0.3 and
i 0.2, respectively. The second plane will bomb only, if the

52. Four numbers are chosen at random (without replacement) first misses the target. The probability that the target is hit
fromthe set {1,2, 3, ..., 20}, by the second plane, is JAIEEE 2007]
Statement | The probability that the chosen numbers when (a) 0.06 (b) 0.14 (c) 0.32 (@ 0.7
arranged in some order will form an AP, is - 58. Let A 1and B b1e two event1s such tha_t

=9 PAUB)==,PANB)== and P@A)=2.  where A
Statement Il If the four chosen numbers from an AP, then 6 4 ; 4
the set of all possible values of common difference is stands for complement of event A. Then, events Aand B are
{81, £2 43 +4 1 5} . [AIEEE 2010] (&) mutually exclusive and independent [AIEEE 2005]
) I : (b) independent but not equally likely
(@) Statement | is true, Statement Il is true: Statement |l is a (c) equally likely but not independent
correct explanation for Statement |. (d) equally likely and mutually exclusive
(b) Statementl|strue,lStatement|lls true; Statement |l is not 59. Three houses are available in a locality. Three persons
a correct explanation for Statement |. apply for the houses. Each applies for one house without
(c) Statement | is true; Statement Il is false. consulting others. The probability that all the three apply for
(d) Statement | is false; Statement Il is true. the §ame house, ISS ; [é‘“EEE 2005]

53. In a binomial distribution B (n, o= ;J if the probability of (@) 5 (b) : (©) 5 (d) S
atleast one success is greater than or equal to T then n is 60. A random variable X has the probability distribution
greater than [AIEEE 2009] X 1 2 3 4 5 6 7 8

p Gy q . 1 P@ | 015 | 023 | 0.12 | 010 | 020 | 0.08 | 0.07 0.05
l0gy 4 ; 10g1o 3 10910 4: gy 3 For the events £ = {X is a prime number} and £ X<a,
T e L (o)) = SR Wt then the probability PE U F)is [AIEEE 2004
logy, 4 ~log,, 3 log;, 4 ~logy, 3 (@) 0.87 (b) 0.77 (c) 0.35 d) 050

54. One ticket is selected at random from 50 tickets numbered 61. Events A BandC are mutually exclusive events such that
00,01, 02, ..., 49. Then, the probability that the sum of the P(A) = 3x +1 PB) = % ohd Bl 2
digits on the selected ticket is 8, given that the product of s B 4 &) 5> Then, the set of
these digits is zero, equals to JAIEEE 2009] possible values of x are in the interval [AIEEE 2003]

g | 5 1 [ i 1] r1 2] 113
a) — ) o g a) | =,— b) | -.= G i
@ )2 ©2 o= @lgz]  ©[12 ()3,3] (@) (0.1
Answers
1. (d) 2. (a) 3. (d) 4, (b) 5le) 6. (c) 7. (d) 8. (o) 9. (b) 10. (a)
11. (d) 12. (a) 13. (d) 14. (a) 15. (a) 16. (a) 17. (a) 18. (a) 18. (b) 20. (a)
204, . 22. (c) 23. (a) 24, (b) 25, (a) 26. (b) 27. (d) 28. (b) 29. (b) 30. (a)
31. (b) 32. (d) 33. (d) 34, (c) 35. (d) 36. (b) 37. (b) 38. () 39. (b) 40. (b)
41. (d) 42. (a) 43. (c) 44, (d) 45, (a) 46. (a) 47. (c) 48. (o) 49. (b) 50. (b)
5. gb; 2.0 83.()  S4.() 55.() 56 ()  57.(c) eg ®) 59.(b) g0, @)
. (a2 A
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Hints & Solutions

8. Four digit numbers = °P, =120

1. Number of ways of distributing 6 objects to 6 persons = 6°
Number of ways of distributing 1 object to each persons = 6!

= Required probability =1 - Q i _51 = i@
6° 8> 324

2. Suppose, event A is selecting a counterfiet coin and B be the
event of getting head.
~. Probability of getting ahead =P (An B)+ P (An B)
—P(A)P (B/A)+ P (A) P (B/A)
3 o el
%1 X—=—+

e + — ey
14 AN 7D
-l 0l
8. Here, n(S) = 'C,
Let E = All three of them are divisible by both 2 and 3.
— Divisible by 6i.e., {6,12, 18, ...,96}
Thus, out of 16 we have to select 3.

n(E)="C;
-.Required probability = O .
B2 il
4. Here, P(A) = i and P(A U B):%
. P(AU B) = P(A)+ P(B)~ P(AnB) < P(A) + PB)

Bl 5
= 2ol BB = FBE)e—
e =

Also, B = AUB= P(B)< P(A U B):%

5 _pp)=

12 4

5. The probability of getting the sum 7 or 8 from two dice is
6 5 i

S e R
36 36 36
The probability of getting the card with number 7 or 8 is %

: e oS 2 108
. Required probability = —-— + —— = =5 + — =
fE R ¥ 3o 2ol 72 22 TR
6. Total number of arrangement is itk gl
21221 8

Nurmber of arrangement in which C,E,H,/ and S appear in that
s 30 1L
order=("C. )55 151 " 851
.. A 1
ired probability = — +—= == 7=
ReaiRe £ B g5 8 5! 120
7. Any number is divisible by 4, if last two digits numbers are
divisible by 4. Here, 16 number ending with two digits f.e.,
12,16, 24, 28, 82, 36, ..., 96, which are divisible by 4.
16-71 22

i robability =——=
Reguired pl ty T

ltis divisible by 8 in 41 ways =24
: & 24581
+.Required probability = — = —
£ ¢ y 120885
9. Number of ways of arranging 3 persons
between Aand B=2 x (°Py)x 7!=2x10!

Total number of arrangement of 12 person is

111 A 5
; s 2x10! 2
Required probability = ———— = —
i X T LR
R Sy (i
100 2 100 2
FI0) = PODerNNS L A
5o 0% 2
131
P(ANB)=PBN)=—==—=PA):RB
( )5 EON Sy (A): P(B)
il
P(ANC)=P{OD)= -~ =—=P(A):PC
( )= P(OD) 5l ke (A)-PC)
1 sl
PBAEG)=ENN)==—=——IRBERC
( VRIS =5 (B)- PC)

So, A, Band C are pairwise independent.
AnBANC is anull set since, if the first one defective, then both
cannot be defective or both non-defective.
P(A~BNC) = P(6)= 0% P(A)-PB): PC)
Hence, A Band C are not independent.
11. Let C,S, B and T be the evenis of the person going by car,
scooter, bus and train, respectively.

1 3 2 1
PC) =, PS)==,PB)=%.P(N==
©) = (S) 7,P( ) = ()

Let L be the event that the person reaching the office in time.
Then, L be the event that the person reaching the office in late.
7 - 8 5 8
PL/C) =L PLIS)= 2, P(LIB)==PL/T)=—
(L/C) 5 (L/S) 5 (L/B) . (L/T) 5

PCIL) = PQC): P(LIC)

Sl e
P(C)- P(L/C)+ P@S)-P(L/S)
+ P(B)-P(L/B)+ PT)- P(L/T)
.
L SRS el
T, Be R BRI A0 .
7 Oh 7R OO
12. Let S be the sample space having 6x 6 = 36 elements.
Given, A={xyx+y=11
= A={(56).(65)}
So, P(A)=”_(’_4_)=£=l
nis) 36 18
and B={(xy):x#5 '

= B=S -{(15),25).(35),(45).(65)}
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3. P
14.

15.

16.

n(B)=36- 5= 31

n(B) 31

n(S) 36
and AnB={(Xxy):x+y=11x=5t=0
= n(AnB)=
i p(AmB)_ﬂm_i_

ns) 36

Clearly, 1 g8l

P(A)-PB)= —x 2 P
(A)- P(B) 18X36¢ (AnB)

Hence, A and B are not independent events.

(HHH) + P (HHTT) + P (HTTTT) + P (TTTTTT)
1 il il el I3
=— +(Cy)—+ PC)—+ — ="
2° g st 5w

Total number of function is 6° and number of onto function = 6!
6 5

~.Required probability =
324

Let AandB denote the event that the runner succeeds exactly
3 times out of 5 times and event that the runner succeeds on the
first trial.
P( §) _PBnA)
A P(A)
PBNA)=p ‘C,p*(1- pf = 6p°(1- p)?
P(A)=°C4 p°(1- pf’ =10p° (1- p)?
o4)- 6p°(1-pf _3
\A) 10p°(1-pf 5

Total number of balis = 18, number of red ball = 8

and number of black balls = 10

Number of red balls _ 8
ili i all = ==
Probability of drawing a red b e RS =
Similarly, probability of drawing a black ball
_ Number of black balls _ 10
" Total number of balls 18

(i) Probability of getting both red balls = P (both balls are red)

= P (ared ballis drawn at first draw and again
ared ball at second draw)
5 B alE
—_X—_—=—
18 18 81
(ii) P (probability of getting first ball is black and second is red)
g o2
818 "8I
(iii) Probability of getting one black and other red ball
= P (first ball is black and second is red)

+ P (first ball is red and second is biack;
mx 8 B 8 Y 10 _ 40

18" 18 18 13'57

JEE Main Mathematics i Jus+ 40 Days

17. Number of ways of forming 2 team is (1°C)

%. The number of ways

of forming 2 team without the 2 tallest boys is (804)%.

~.Required probability = [2 e )ﬂ {2 J(8es )%J

28

45
18. Leta<b <c bein AP,
a + ¢ =2b, even number.
Therefore, a and ¢ are both even or both odd.

7 8
C, 6 +°C 7

-.Required probability= —2 2 —
ki 2 g £e, 65

19. The number of ways of choosing the 2 correct boxes is (°C,).

The number of ways of choosing 3 wrong boxes is 3!(—é + l)

21
. Required probability = (°C,)- 3! (—i 3 l) b

el 2l
10><2 1

120 6

20. Let B stand for the event that black card is missing, then
PB) = PB) = %

Let E be the event that all the first 13 cards are red.
PR
51 50 39
13

F’(E/E)=?'gﬁ @
P(B): P(E/B)

e
P(E/B) + P(B)-

. 26-25... 14
26-25 ... 14+ 25:24... 13

P(BE)=

P(B)- P(E/B)

26/ 11839 =8

2("C,)-("Cy)
&

21. ..Required Probability =
)

~N| o

3n
20n-1)

n=4

©
7

22, After 11 draws a white ball is left in the box.
In the first 11 draws, we must get 7 white and 4 black balls.
- Required probablhty(_M 8, i2
(%Cyy)

1?8

MWW, N0VADJ O[]
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Day 35 Probability

23. Here, n(S) =Number of ways (33)" can have a digitinthe units's Dividing by "Cs both sides, we get
place. . e o
— 4 + .___6
= nS) =4 (witis 8,9, 7 or 1) GG
i (g ad g5 +n—5:r72—9n+50
. Required probability =€) _ 1 TG G 60— 4)
L = n?-21n+98=0 = n=714

24. Here, n(S) = %¢;, n(E) = *%C, x °C, 29. Here, npq = 3and np = 4

e 5L N

3°CQ><’902
S Sl D) =0/ = = 0= — &l = i
np. 4 4 4

)= 2
CS

25. Since, T p, =1, we have

6, \10
A e . Probability of exactly six success = '°Cy (lj (g)
B 204 20 430 4 C2 + 262 702 + C =1 SR
: > .
= 10C°+9C-1=0 30. LetX denote the number of correct answer given by the student.
iE.; (0C -)(C+N=0 The repeated tosses of a coin are Bernoulli trials. Since, head on
= © = i € == a coin represent the true answer and tail represents the false
10, answer, the correctly answered of the question are Bernoullitrials.
5 1
Therefore, the permissible value of C = %. p = P (a success) = P (coin show up a head) = 5
1 5 - a8 Sl
Mean:zx,pl.:zx’.pl and g=1-p=1 o
=7 =
; 2 So, X has a binomial distribution with n = 20, p = il
=1><—+2><~2—+3><5+4><i+5(i) .
10 10 10 10 10 e g=
2

2 2
i 6x2(i) +7|i7(lj +i} 1Y (N2
R A IR B e

1 4 @  iZ 5) 12 " 49 7/

o b o 00 100 700 " 10 Hence, P (atleast 12 questions are answered as true)
s = P (X 2 12) = P(12)+ P(18)+ P(14) + P(15)+ P(16)

+ P(17)+ P(18)+ P(19)+ P(20)

26. The probability of both drawing the comman cards x

. ) 128 20, 18~ 20 14 6 20, 155
P(X) = (Probability of Adrawing the card xand any other cardy) = Sm P g fow Rl : 20014 P ?8 : 20015 P ?9
% (Probability of Bdrawing the card xand a card other than y) + 6, P8 DC 0 S THRE ke @ o]
51 50~ " 20, 20
_ ~1 7 x, where x has 52 values. *"Co P
SZC2 52C2 =(20C12 i 20C13 L ZOCH o 20C15 o 20C16 i 20C17
Required probability = = P(X) . e pae e, ]
_5py. 5IX50x4 _ 50 - (l) (®Cy, + BCyy + ...+ 2C,,
~ T B2x51x52x51 663 2 : i
1 31. Selecting any two cour 2s there are sev%r_erirl] differences
217. Here, P(E;) = P(E;) = P(E3)=§ possible and their correspeni. i nrobability is - Cz,wherem :
o , f W y A 1 can have any value less than . Co
— = — == Pl—== o,
P[ﬁj 5"-P\Ez] 6 (Esj 7 Pl i n bl el
A e Bells S G
£ 375 _ 42 o
P(I)=1x1+1x1+1><1 107 32. P(AmB)lsequa!toﬁandP(AuB)=ﬁ.
Ge B Bay6. BT " b oy
Then, = PAUB)=1-PAUB)=__

=

; 1 n 1 n 1 in AP .
. ,"C,—,"C. — and "Cgz— are in AP. b
28. Since 45" “5on 65n ) P(AUB)=P (A)+ P (B)-P(AnB)
Also, "C,,"C; and "Cg are in AP. P+ b () R e
: 2L =10, G
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- PA)+PB) =L + 14 ()
10" 10 5
P (A)-P(B)=_
10
;
PiA) =t
A= 5B
From Eg. (i),
1 4
P@B - ==
B+ SoepE; =5 = 0B +1=8r (8

Let P(B)=t, then10t® +1=8t = 10t2-8t +1=0

¢ 8%/64-4x10x1 _8+26
2x10 20

So, P®B)=2 ;f is possible.

33. LetA denote the event that atleast one girl will be chosen and B
the event the exactly 2 girls will be chosen. We require P(B/ A)

Since, A denotes the event that atleast one girl will be chosen.
and A denotes that no girl is chosen i.e., 4 boys are chosen.
Taer, elapy) = T AR A S P
?C, 495 99 9 99
Now, P(AnB) = P (2 boys and 2 girls)
_°C,-%C,_6x28_ 56
%) 495 165

Thus, P8/ A)= PANB) _ 86 99 _ 168

P(A) 165 85 425

34. LetE =Eventwhen each American man is seated adjacent to his
wife and A = Event when Indian man is seated adjacent of his
wife.

Now, n(AnE)=(4)x @21)°
Event when each American man is seated adjacent to his wife.
Again, n(E) = (5!)x @2!)*

P(AJ___ nAnE)_ (4)x@N°

nE)  GB)xEH?

E

2
5

35. Here, two numbers are selected from {1,2, 8, 4,5 ,6}.
=nS)=6x5 (as one-by-one without replacement)

Favourable events = The minimum of the two numbers is less
than 4.

~n(E)=6x4
We can select one from (1,2, 3, 4) and other from (1,2, 3, 4, 5, 6).

¢ (as the minimum of the two is less than 4)

Re?uired probability = s

1 T
i L i ] ==
36 Herep-—4q e

Since, 1 - (probability of not hitting the target) > 2/3

2\ n
= et

Hence, the minimum value of s 4.

JEE Main Mathematics i Jus+ 20 Days

37. Here, p=1/2,q =1/2

For getting total sum less than 15 in 4 trails, we will throw
coins to get

()8+3+38+3<15 (i)5+3+3+3<15
.. Probability of this event,

3 1 4
o O e
i CS(E) (§)+ C4[§) 16 16 16
. Odds (infavour):P—=L=£

I S T |
— %

(95}
®
e
T T
rn|m3>
PN
Il
S
=l @) =
Il

40. Since, ¥~ 10)(x = 50)
(x — 30)

X=11...290r x = 51,52, ..., 100
n(x) = 69

>0= 10<x<300rx> 50

~-Required probability = 1%% — 069

41. Since, the number of ways of selecting two persons out of 20 is
20
C, = 190.

So, the number of ways in which two selected persons
together is 19.

' o 19
Required probability =1—- —= = 0.9
q B / 190

42, Here, =@ = %

Probability of appearing exactly five heads
1 5 1 7
="(z) )
2 2
7 5
-eua{ 1)
2-5(5 ] (5
)
2)\2

Probability of appearing exactly seven heads,

43. We have, P(AUB) >max {P(A),P(B)} = %
=  PAUB)2 %

= PANB)=P(A)+ PB)~PAUB) 2 P(A) + pg) 1

a2 e
2 & 6
1
= PANB) > - :
( ) 6 (D)

|
f
f
|
‘
z
(
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and P(AmB)Smin{P(A),P(B)}:% 49.
i
P(AnB) < — o)
2
From Egs. (i) and (i), we get
1 cpanp <l
6 2
44. | PL:)+P A)_P(AnB)  PANB)
B P(B) P(B)
:P(Am5)+P(ZmE)=P(_")_1
P(B) P(B)
I P(A) ot (by definition)
B P(B)
P(B)={(A U A) " B}=P{(A.\B)U(ANB)}
P(AnB)+ P(An B)
45. PAUBNC)=PAUB)x PC)
=[P(A) + P(B)— P(A n B)]x P(C)
:(§+1_§)X§
4 2 8 8
g i _ 3
RPATRB)=PAPB)==-===|
[ )= p@)=2- 1=
e o2l 50.
8 8 64
46. P(ANB)+ P(AnB)=20
49
B 26 '
= P(A) P(B) + P(A)P(B) = 7 onlll)
Also, P(Zmé)_E
49
— pEy_ 15
R(B)=—
(A) P(B) 75 o
47. bz 20 e L R P P b
3 4 4
= 053x+153,0s1—xs4,05ws1
= —1<38x<2,021-x<40<9x+7<12 52.
= -1sxsg,—1s—x53.—7s9xs5
8 3
=5 —15xsg|—35xs1, -sts§
3 3 9 9
e
S 9
48, - Probability of guessing a correct answer, p = %
and probability of guessing a wrong answer, g = %
. The probability of guessing a 4 or more correct answer
4 5
it
=5 (1) Sy (1) ]
£ 3o I R
Nt {0 PDE witho QIS me D N3 aPDF (http

Day 35 Probability

2
Pl B LAl
c3
p(ﬂ)_w_i_l
B) PB 10 5
, We have,n=5andr 2> 1
PX =r="Cp"'q",
PX 2 1) =1=P(X = 0)=1- 5C0.0°.q% = 31
32
ol oot S
32 32

Let A denotes the event that the minimum of the three selected
numbers is 3 and B denotes the event that the maximum of the
three selected numbers is 6.
If the maximum number is 6, then
(i) 6 should be one of the three selected numbers (1 way), and
(i) The remaining two numbers should be less than 6

(i.e., any 2 from 1 to 5) (°C, ways).

Similarly, P(A n B) = The probability that the minimum number
is 3 and the maximum number is 6. If the minimum number is
3 and the maximum number 6 is, then

(i) 6 should be one of the 3 selected numbers (1 way)

(i) 3 should be one of the three selected numbers (1 ways),
and

(iiiy The remaining 1 number should lie between 3 and 6
(i.e., any one of 4 and 5) (2 ways).

1 1
<—andp=20 = pe|0—
P > P P [ 2]

Total number of cases = °C, = 84

Number of favourable cases =°C; - ‘C, - °C, = 24

nS)=%c,
Statement |
When common difference is 1; total number of cases = 17
When common difference is 2; total number of cases = 14
When common difference is 3; total number of cases = 11
When common difference is 4; total number of cases = 8
When common difference is 5; total number of cases = 5
When common difference is 6; total number of cases = 2
Hence, required probability

= 175 14+_11_+ 8+5+2

2004
=8 il
4845 85
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; n 3
53. According to the given condition, 1 - L3 | 2 3
4) 10
, n \n
(B <=8t o (% 510
4) 108 10 3
= n(logy, 4-log, 3) 2 0855 10:=1
RS e ‘1—~~
0@, Iog‘0 3

54. S = {00,01,02, ... , 49}
t A be the event that sum of the digits on the selected ticket
is S then A = {08, 17, 26, 35, 44}
Let B be the event that the product of the digits is zero,
B={00, 0102, 03 ..., 09,10, 20, 30, 40}

AN B={08}
1
PANB)_ 50 1

Required probability = p [g)

PE 14 1a
50
55. Giventhat, P (A)= ;1 P (g) :%
BY 2
d p(B)_2
an (AJ 3
We know that, P(ﬂ) 20 0) (1)
B) P®
and P(§j EE T (i
A P(A)

A={4,56}andB={12 3 4}
AnB={4}
P(AUB)=P (A)+ P (B) - P(Af\B)=g

56. Since,

i
i

O’J]Jk
@ =

57. Let the avents be = |st aeroplane hit the target
B = lind aeroplane hit the target

and e corresponding probabilities are
P(A)= 03 and P(B)=
= P(A)= 07 and P(B)=
~Required probability = P{A)P(B) + P(A)P(B)P(A)P(B) +

= (0.7)(0.2)+ (0.7)(0.8)(0.7)(0.2)

+ (0.7) (0.8)(0.7)(0.8) (0.7)(0. 2) +...

=0.14 [1+ (0.56) + (0.56)° +...]

0= ~ 032
0.44

. 0.14(

o)
1~ 058

58,

59.

Since, 1-PALB=L = pE)-pE)+ 1]
6 4 6
= PB)=" and p(a)= 2
3 4
Now, P(ANB)= % = P(A) P(B)
Hence, the events A and B are independent events but not
equally likely.
All the three persons have three options to apply a house.

. Total number of cases = 3°

Now, favourable cases = 3 (an either all has applied for house
1or2or3)

Recuired probability = % = 1
3

©

60. Given, £ = {Xs a prime number} = 12.8,8,7)
P(E) = P(X =2)+ P(X = 8)+P(X = 5) + Fel=7)
= P(E)=0.23+ 0.12 + 0.20+ 0.07= 0.62

and F={X<4={12 8
— P(E)=P(X =1)+ P(X =2)+ P(X = 3)
=5 P(F)= 0.15+ 0.23+ 0.12= 0.5
and EnF={Xis prime number as well as < 4} = {2, 3}
PENF)=P(X =2)+ P(X = 3)
=0.23+ 0.12=0.35
Required probability, P(E U F)= P(E) + R(E)=PRERIF)
=062+ 0.5-0.35 = 0.77

61. Since, 0< P(A)<1,0<P(B)<1,0<PC) <1

and 0 < P(A) + P(B) + P(C) <1

el Mo 2 ()
3 575
0= =y ,
4 4
= —3<x<i ...(i) i
s i "
g i
1 1 §
=g saal(l) .
¥ Blas ]
3x+1 11— =2 ;
0= S <1
and 5 4 5 g
= 0<13-3x<12 ¢
= lgxgE (V) t
3 3 5
From Egs. (), (i), (ii) and (i), % < % &
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Day 36 Concept of Reasoning
. Logic is the subject which deals with the principles of reasoning. Logic is
Outl | nes sometimes defined as the Science of proof. Mathematics and other Science
, subjects deals with the reasoning and the arguments and every student of
o Concept of Reasoning Mathematics and other Science should know the principles of logic.
O Sentence G
© Statement (Proposition) Aent en_ce o Slae -GN _
sentence is a relatively independent ¢ -ialical unit. It can stand alone or it
o Truth Value and Truth Table can be combined with other sentences . » furm a text, a story etc.
o Logical Connectives or There are following types of statements

Sentencial Connectives
© Elementry Operations of 1. DeclarativelAssertive Sentence

g liogics: ; B A declarative sentence ‘declares’ or states a fact, arrangement or opinion.
‘ ; Declarative sentence can be either positive or negative.

e.g., Gopal Pandey is an intelligent student.
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2. Imperative Sentence
The imperative commands (sometimes requests). The
imperative takes no subject as ‘vou' is the implied
subject. The imperative form ends with a period (.) or
an exclamation point (1).

e.8., Please give me a cold drink.

3. Exclamatory Sentence

In this type of sentence, there is a sudden burst of
feeling. The feelings may be full of joys, sorrows etc,

€.8.. Hurrah ! we win hockey match.

JEE Main Mathematics i»J.s+ 40 Days

4. Interrogative Sentence

A sentence that asks a question is an interrogative
sentence,

The interrogative form ends with a question mark (7).
e.g., Do you think that you win the prize today?

5. Optative Sentence

A sentence that expresses a wish is an _optative
sentence.

e.g., Wish you best of luck!

Statement (Proposition)

We convey our daily views in the form of sentence which is a collection of words. This collection of words is
called statements, if it has some sense. Therefore, “A declarative sentence, whose truth or falsity can be
decided Is called a statement of logical sentence but the sentence should not be imperative, interrogative

and exclamatory.”

Statements are denoted by p,q,r,... etc.

e.g.. “Delhi is the capital of India” is a statement, while “Do
your work”, is not a statement.

The working nature of statement in logic is same as nature
of switch in circuit.

ON (1) True (T)
ie, Switch and Statement "

“S_OFF (0) . False (F)

There are following types of statements

1. Simple Statement

A statement, if cannot be broken into two or more
sentences, is a simple statement. The truth value of the
simple statement does not explicitly depend on any
other statement.

Generally, small letters D, q, I,
statements.

. denote simple

2. Compound Statement
A statement formed by two or more simple statement
by the words such as “and”, “or’y Snet?, “fsthen” "if
and only ", then the resulting statement is called a
compound statement,

This is also called logical connectives.

w

Two circuits can be connected either by series or
parallel. i.e., two statements can be connected either by
A 0N

3. Substatements

Simple statements which when combined form a
compound statement are called substatements, also
called components.
s el
* A true statement is known as a valid statement.
" A false statement is known as an invalid Statement.

» Imperative, exclamatory, interrogative, optative sentences
are not statements.

» Mathematical identities are considered to pe Statements
because they can either be true or false but not both.

4. Open Statement

A sentence which contains one or more variables such
that when certain values are given to the variable it
becomes a statement, is called an open statement,

eg, “He is a great man” is an open sentence
because in this sentence “He” can be replaced by any
person.
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Truth Value and Logical Connectives or
Truth Table Sentencial Connectives
i A statement can be either ‘true’ or ‘false’ Two or more statements are combined to form a compound statement by using

which are called true values of a symbols. These symbols are called logical connectives.

= o
slatemenlt Iand It is represented by the Logical connectives are given below
symbols T and ‘F', respectively.

Words Symbols
A table that shows the relationship 3
between the truth value of compound A 8
statement, S(p,qg,r,...) and the truth F H
values of its substatements p,q,r,... IS LT, e =
etc., is called the truth table of If and only if (implies and is implied by) =
statement S.
» For a single statement p, number of
1 o o
ows =2'=2 Elementary Operations of Logic
P Formation of compound sentences from simple sentence using logical

connectives are termed as elementary operation of logic. There are five such

=
3 operations discussed below.

+ For two statements pand g, number |- Ne€gation (Inversion) of Statement

of rows =22 = 4 A statement which is formed by changing the truth value of a given

statement by using word like ‘no’ or ‘not’ is called negation of a given
2 q statement. It is representalley the symbol ‘~.
T T e.g., Let p : The number 2 is greater than 7.
il F Then, ~ p : The number 2 is not greater than 7.
F 7 If p is statement, then negation of p is denoted by ‘~ p’. The truth table for
F F NOT is given by
P
» For three statements p,g and r. Z :
Number of rows =2° =8 .
e
Tl b5 e 2. Conjunction
i F T A compound sentence formed by two simple sentences p A1_'j2
i ive “and” i d the conjunction of p¥ |
T T = and g using connective “and” is calle j p
and q and is represented by p Ag.
T il i .
- - e.g., Let p : Ramesh is a student. S
F
- and g : Ramesh belongs to Allahabad. Then,
F
! i e.g., p Aq = Ramesh is a student and he belongs to Allahabad.
E F T F . ¢ 3 . 0
@ 41T X The truth table for operation ‘and’ is given by
. p | g |prg
i Jf a compound statement has simply n | i :
substatements, then there are 2" rows '
i representing logical possibilities. T F E
i Ev T F
e L

NWW.N0VADJ
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Above conjunction can be explained

p = q which is read as “p implies ¢”. Here, p is called
through circuit.

antecedent or hypothesis and q is called consequent

Here, denote 1< T, 0= F or conclusion. e.g., Let p : Train reaches in time.

and g =1 can attend the meeting. Then, p = q = If train

pvg du .
, \ reaches in time, then I can attend the meeting.
| A, ! A, 'ffjﬂt p g | pAq The truth table for if ... then is given by
LY : R T
| S 0 T e P q,’p=>q[~p)~pvq
‘ 1 1 1 _— T i ] T i i F i
ol 2 g L s T F F F F
‘ 0
Sl 0 K Gl f F T T T T
B F i . T i
. fhe statement p A q'is true, if both p and g are true. . {
E 0 e steement PAq s false, if atleast one of pand q or It is clear from the truth table that Column III is equal to
both are false, Column V. i.e., statement P =qis equivalent to ~ p vq.
3. Disjunction (Alternation) 5. Biconditional Statement
A compound sentence formed by two simple sentences Two simple sentences connected by the phrase “if an.d
p and g using connective “or” is called the disjunction only if,” form a biconditional statement. It is
of pand g and is represented by p v g. represented by the symbol ‘=,
¢.g., Let p : Bus left early and q : My watch is going slow. e.g., Let p: AABC is an isosceles triangle
Then, p v g = Bus left early or my watch is going slow. and q : Two sides of a triangle are equal.
The truth table for ‘operation’ OR is given by Then, p < q:AABC is an isosceles triangle if and only
if two sides of a triangle are equal.
P | q |pvg , e
The truth table for if and only if is given by
i 1 il
~p | ~q | ~ o (~pvaq)
= 1 =3 \ v
i pqpqpqpqqu(pv~q)
3 L L T il = F i T i
e . T | E R e T F
Above disjunction can be explained through circuit. el el B T T E F
Here, denote 1= T,0=F F|EF T T LT i ] i
Pl o -
A, A, Result p q pvq W It is clear form the truth table that Column [l is equal to
(Bulb) column VI ie, statement p & q is equivalent to
F T
s e R : 2 (~p=Valpv~q)
1 1 1 = i i » The statement p < q has true, if either both are true or
0 1 1 F i T both are false.
0 0 0 E F F » The statement p < q has false, if exactly one of them s

false.

4 1 if atleast one of p and g or both : !
Z): tsrtuaetement iR pties 2 Table for Basic Logical Connections

* The statement p A q is false, if both p and q are false. o . 1 - RO R m
tcati " T it F T T it 7
4. Implication (Conditional) ; i 5 ] ) i :
A compound sentence formed by two simp%e . - = e T T 5
sentences p and q using connective “if ... then ...” is
called the implication of p and q and represented by F F T F F i T
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Converse, Inverse and Contrapositive
of an Implication

If p and g are two statements, then here is a quick definition
of their reverse, converse, inverse and contrapositive.
Reverse, Statement : if then, Converse : if then ,
Inverse : if not then not, Contrapositive : if not, then not

-

| » The reverse of p = qisq &< p
* The converse of p= qisq= p
» The contrapositive of p = qis~q= ~p

» The inverse of p=>q is~p=~¢q

By definition, the reverse of an implication means the same
as the original implication itself. Each implication implies
its contropositive, even intaitionstically. In classical logic
an implication is logically equivalent to its contra positive
and moreover, its inverse is logically equivalent to its
converse. e.g., If 2+ 2= 4, then Jawahar Lal Nehru is the
first Prime Minister of India.

Let P=E2+2=4
and g =Jawahar Lal Nehru is the first Prime Minister of
India. Bicondintial statement p =¢q
(i) The converse of p=qisq=p
i.e., if Jawahar Lal Nehru is the first Prime Minister of
India, then2+2=4
(ii) The contrapositive of p=gq is ~q =~p
i.e., if Jawahar Lal Nehru is not the first Prime Minister
of India, then2+2=4
(iii) The inverse of p=q is ~p=—~qie., if2+2+4
then Jawahar Lal Nehru is not the first Prime Minister
of India.

== ) =IE pre) =S e
2 ===l nG e

o=y = @) = )i =)

»p=>qg=~pVvq

w(peger=pe(@ern)

»poqg=(p=>qA(G=7q)

Tautology

A compound statement is called a tautology, if it has truth
value T whatever may be the truth value of its compounds.

e.g., Statement (p=g)Arp=qisa tautology.
The truth table is prepared as follows.

P q p=q p=gsp | (p=q)rp=q
i T i i i
T F F E i
= T T E i
F F i 2 1

Contradiction (Fallacy)

A compound statement is called contradiction, if its truth
value is F whatever may be the truth value of its
components. e.g., Statement ~ p A p is a contradiction.

The truth table is prepared as follows

P ~p | ~pAp
T F F
F F

A statement which is neither a tautology nor a contradiction
1s a contigency.

Some of the important laws considered under the category of

algebra of statement are given as.

1. Idempotent Laws

For any Statement p, we have

@pap=p B)pvp=p
2. Commutative Laws

For any two statements p and q, we have

@ pag=gap (b)pvg=qgvp
3. Associative Laws

For any three statements p,q and r, we have

@ (prg)ar=pa@ar) B)(pvg)vr=pvigvr)
4. Distributive Laws

(@ pv@ar=(@Eva)a(evr)

B) pa@vr)=(EAg)v(pAT)
5. Involution Laws

For any statement p, we have ~(~ p)= p

6. De-morgan’s Laws

@ ~(Ppagq)=—pv~q
7. Complement Laws

For any statement p,we have

(@ pv~p=T (b) pA~p=F

© =1T=kF (d ~F=T
8. Identity Laws

For any Statement p, we have

@ paT=p () pvF=p

PN =1 (d) paF=F

where, T and F are the true and false statement.
9. Duality

Two compound statements S; and S, are said to be ¢

duals of each other, if one can be obtained from the

other by replacing A by v and v by A. The connectives A
and v are also called duals of each other.

Symbolically, it can be written as , if
S(p,q) = p'Aqg, then its dual is S * (p,q) = pvq.

(0) ~(pvq)=~p A ~g
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1. If p and g are simple propositions, then p &~q is true
when

(@) pistrue andq is true
(c) pisfalse andq is true

(b) both pandg are false
(d) None of the above

2. The contrapositive and converse of the statement “| go to
beach whenever it is a sunny day” is [NCERT]
(&) (i) Ifit is not a sunny day, then | do not go to beach.
(i) It it is a sunny day, then | go to beach
(b) (i) If it is a sunny day, then | do not go to beach
(i) If it is a sunny day, then | go to beach
(¢) (i) If it is not a sunny day, then | go to beach.
(ii) If it is not a sunny day, then | go to beach
(d) None of the above

3. Which of the following is true?

@ p=qg=p=>~q

(b) ~(p=~qg)=~pAg

(€) ~(~p=~q)=—p~rq

(d) ~(p=qg)=[~(p=qg)lr~(@ = p)

4. —(pvq)v(~ pAq)is logically equivalent to

@ ~p () p
© q (@) ~q

5. The inverse of the proposition (oA ~q)=ris
(@) ~r=~pvqg (b) ~pvg =~r

(€) r= par~q (d) None of these

6. An equivalent expression for (p=q Ar)v(r < s) which
contains neither the biconditional nor the conditional is
(@ (=pvganv((~rvs)a(rv ~s))
(b) (~pagarnv((~rvs)a(rv ~s))
(©) (=pvganal(~rvs)v(rv ~s))
(d) None of the above

7. Which of the following is the converse of the statement; ‘If
x>4then x +2>57
(@) lfx+2<5,then x < 4
(b) If x not greater than 4, then x + 2 is not greater than 5
(¢) fx+2>5,then x> 4
(d) If x + 2 is not greater than 5 , then x is not greater than 4

10.

11.

2.

13.

14.

15.

\\

. If p:anatural number n is odd and g : natural number n is

not divisible by 2, then the biconditional statement p < q is
[NCERT]

(a) A natural number n is odd if and only if it is divisible by 2

(b) A natural number n is odd if and only if it is not divisible
by 2

(c) If a natural number n is odd, then it is not divisible by 2

(d) None of the above

. The logically equivalent proposition of p < g is

(b) (p=q)r@@ = p)
(d) (prg)= (pvQq)

(@) (pAg)v(pAq)
© (Prg)vi@ = p)
If both p and g are false, then

(b) pvq is true
(d) pe=qis false

(@) paq is true
() p= q is true

If p=(~pvq)is false, the truth value of p and g are

respectively.

@) 1= (BNEAE

@) 1, [F (@hy T, T

The contrapositive of the inverse of p = ~qg is
@ ~qg=p (b) p=9

@) =ti= = @ ~p=~q

If p:4is an even prime number, g :6is divisor of 12 and
r: the HCF of 4 and 6 is 2, then which one of the following is
true?

@) (pAq)

@ ~@anvpe

0) (pvg)a ~r
(d) ~pv@ar)
If p=He is intelligent and g = He'is strong.
Then, symbolic form of statement :

Itis wrong that he is intelligent or strong,’ is

(@)= ovi= (b) ~(prq)

) ~(pva) @ pv~q

A compound sentence formed by two siniple statements p
and g using connective ‘and’ is called

(@) conjunction (b) disjunction
(c) implication (d) None of these

.]op 16 D 09/21/2014 17:00:15
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16. If p=A ABC is an equilateral and g = each angle is 60°.
Then, symbolic form of statement

“A ABC is an equilateral, iff each of its angle is of 60°," is

(@ pvg (b) '
PA

© p=q @ p ; q

17. The equivalent form of the conditional statement p = g is

(&) g is necessary for p (b) if g, then p
(€) g is sufficient for p (d) None of these

18. Let truth value of p be F and g be T. Then, truth value of
~(~pvq)is
@ T (b) F

(c) either T or F (d) neither T nor F

19. lfp=> (@ vr)is false, then the truth values of p, g and r are

respectively

Q) kT, (o) ST (@NIRENE (C)REENE
20. Logically equivalent to ~ (~ p = q)is

@ pag () pA~q  (© ~pAg (@) ~pr~q
21. ~S(p,q)is equivalent to

IS G o) =) () S*(p.~q)

(©) S *(~pq) (d) None of these

22. The dual of the statement (o v @) v ris

(@ (pag)vr (b) (pAg)Ar
(©) (pvag)ar (d) None of these

23. Negation of ‘4+ 3=7and 10 < 12'is

(B) 4+ 83=7and 10 £12
(d) None of these

(@) 4+ 3%#7and<10
(c) 4+ 3=7o0r10 £12

24. Negation of ‘London is in England and Berut is in Lebnan’ is

(a) London is in Lebnan and Berut is in England

(b) London is not in England or Berut is not in Lebnan
(c) Berut is in England or London is in Lebnan

(d) None of the above

25. Let p and g stand for the statements 2x4=8 and
‘4 divides 7', respectively. Then, what are the truth values
for following biconditional statements?

() peq R ]
(i) ~q <P (iv) ~p~q
(@) TTTT (o) FTTT  (c) FTFF (d) FTTF

26. Find the contrapositive of “If two triangles are identical, then

these are similar”.
(a) If two triangles are not similar, then these are not

identical

(b) If two triangles are not identical, then these are not
similar

(c) If two triangles are no

(d) If two triangles are not similar, then these

t identical, then these are similar
are identical

Day 36 Mathematical Reasoning

28.
295

30.

il

32.

33. ~

34.

35.

36.

Sl

38.

~(p=q)e~pv~qis
(a) atautology
(b) a contradiction
(¢) Neither a tautology nor a contradiction
(d) Cannot come to any conclusion

(PA ~g)A(~pvQq)is
(a) a contradiction
(¢) Either (a) or (b)

(b) a tautology
(d) Neither (a) nor (b)
The proposition p =~ (pA ~q)is

(@) contradiction
(c) Either (a) or (b)

(b) a tautology
(d) Neither (a) nor (b)

Select the tautology from the compound statements.

(i) pv~ (i) p— pvqg

(iif) (pAO/ (V) pa~p

(@) (i) and (ii) (b) (i) and (iii)

(c) (i) and (iii) (d) None of these

Write down the contradiction or fallacy for above question.

(a) (i) and (iii) (b) (i) and (i)

(©) (iv) (d) None of these

Which of the following is logically equivalent to ~(~ p =q)?

(@) pag (0) pr~q  (©) ~pAaq (d ~pr~q
~(peq)is

@ ~pr~q () ~pv~q

©) (pAr~q)v(~pag) (d) None of these

Which of the following is true for any two statements p and

q?

(@) ~ )] (=pP)Aq

(b) (,ovq ~q)is a tautology.

(c) (p A q) ( g)is a contradiction

(@)~ ~ p)]is a tautology .

If (o A~r)=(~pvq)is false, then the truth values of p,q

and r respectively

(@ T,FandF (b) F,Fand T

(¢) F,Tand T (d) T,Fand T

~ p Aq is logically equivalent to

@ p=4g () g=p

© ~(Pp=29) d ~@=p)

(PA~Q)A(~pAQ)is

a) atautology

b) a contradiction

¢) tautology and contradiction

d) Neither a tautology nor a contradiction

(
(
(
(

If p and g are two statements, then (0 =q) < (~q = ~ p)
isa

(a) contradiction’

(¢) Neither (a) nor (b)

(b) tautology:
(d) None of these



http://www.novapdf.com/
http://www.novapdf.com/

498 JEE Main Mathematics s+ 2440 Days

39. Which of the following is not correct?
@ ~(pAg)=(~p)v(~q)
(b) Truth value of pag = truth value of g A p
© ~(~p=p
(d) p=g=(p=9)vi@= p

Directions (Q. Nos. 40 and 41) Let us define a truth table

=2 =GN ) ~(~pv~q)

T

40. The statement ~ (~ p v ~q)is a

(a) tautology
(¢) contingency

(b) contradiction
(d) None of these

41. If ~(p AQ) is false, then corresponding values of p and g
are, respectively

@ T,T (b) T, F
(c) F, T (d) None of these

Directions (Q. Nos. 42 and 43) Let us define statements.
P : Ramesh is tall, g : Ramesh is handsome. Solve the following
problems.

42. The symbolic form of the statement “‘Being tall is sufficient
condition to be handsome” is
(@) p=qg (b) g=p
(¢) peg (d) None of these
43. The symbolic form of the statement “Ramesh is tall and
handsome” is
@ (pv~p)vag
(b) prg
) pv(pa~q)
(d) ~(~=p~ag)

Directions (Q. Nos. 44 to 52) Each of these questions contains
two statements : Statement | (Assertion) and Statement |l
(Reason). Fach of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (0) and (d) given below.

4(@) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement |

(b) Statement |is true, Statement Il is true; Statement Il is not
a correct explanation for Statement |

(c) Statement lis true; Statement Il is false

(d) Statement | is false; Statement Il is true

. If p="111s an integer’, g = ‘apple is sour’, then

Statement | The symbolic form of ‘jf apple is not sour, then
11 is an odd integer' is ~q = p.
Statement Il It is a biconditional statement.

Statement | ‘Ram is rich or happy’ is a statement.
Statement Il It is disjunction of the pair of statements.

. Consider the statement p v (~g) A (~ p), then

Statement | Its dual is p A (~q) v (~ p)
Statement Il In a dual statement we interchange their
operators A and v.

. Consider the statement [p A (p— g)]— q

Statement | It is tautology.
Statement Il If all truth values of a statement is true, then
the statement is a tautology.

. Let p: ice is cold and g: blood is green be two

statements, then

Statement | pvg ice is cold or blood is green.
Statement Il pAg ice is not cold or blood is green.

. Let pand g be two statements.

Statement | pA ~ pis a contradiction.
Statement Il p—g=~pvg

- If p— g be any conditional statement,

Statement | The converse of p — q is the statementg — p.
Statement Il The inverse of p— g is the statement
~q—>~p.

If p,g and r be any three statements.

Statement | The statement p — (@ — r)is a tautology.
Statement Il (o Aq)— r and p — @ — r)are identical,

. Consider the statements (o vg)a ~ pand ~ PAQ

Statement | Both are logically equivalent.
Statement Il The end columns of the truth table of both
statements are identical.
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55. Let p

53. The statement p— (q — p)is equivalent to [jEE Main 2013]

(@ p—q

(b) p— (pva)
©) p—(p—q)
@ p— (pAQ)

54. For integers m and n, both greater than 1, consider the

following three statements
P : mdivides n

Q : mdivides n®

R :mis prime, then

[JEE Main 2013]

@QAR—P (b)PAQ— R
©Q >R (@Q— P
and g be any two logical statements and

r:p— (~pvq). lfrhasatruth value F, then the truth values
of p and g are respectively
@FF (b)

15
©T.F d)F

T
il

56. Statement | The statement A— (B— A) is equivalent to

A— (AvB).

Statement Il The statement ~ {(AAB)— (~AvB)} is

tautology. [JEE Main 2013]

(a) Statement | is true, Statement Il is false.

(b) Statement | is true, Statement Il is true; Statement Il is not
a correct explanation for Statement |.

(c) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement |.

(d) Statement | is false, Statement Il is true.

57. Consider

Statement | (p ~ ~@) A (= p Aq)is afallacy.
Statement Il (o — q) < (~g — p)is a tautology.
[JEE Main 2013]

(a) Statement | is true; Statement Il is true; Statement Il is &
correct explanation for Statement &

(b) Statement!is true; Statement Il is true; Statement Il is not
a correct explanation for Statement I.

(c) Statement | is true; Statement Il is false.

(d) Statement lis false; Statement Il is true.

58. The negation of the statement

“If | become a teacher, then | will open a school”, is
[AIEEE 2012]

(a) | will become a teacher and | will not open & school
(b) Either | will not become & teacher or | will not open a

school ‘
(c) Neither | will become a teacher nor | will open a school

(d) I will not become a teacher or | will open a school

AIEEE & JEE Main Archive

59. The only statement among the followings that is & tautology

60.

61.

IS " [AIEEE 2011]

(@) B— [Ar(A— B)] (b) AA(AVB) T
(©) AV(AAB) (d) [An(A—> B)]— B

Consider the following statements

P : Suman is brilliant.

Q : Suman is rich.

R : Suman is honest.

The negative of the statement.'Suman is brilliant and dishonest

if and only if Suman is rich.' can be expressed as
[AIEEE 2011]

() ~Q & (P"~R)
(©) ~(Pr~R)e&Q

(b) ~Q > PAR
(d) ~PA@ <~R)

Let S be a non-empty subset of R. Consider the following

statement

P : There is a rational number x €S such that x > 0.

Which of the following statements is the negation of the
statement P? [AIEEE 2010]

(a) There is a rational number x €S such that x < 0

(b) There is no rational number x €S such that x< 0

(c) Every rational number x €S satisfies x < 0

(d) xeS and x <0 = xis not rational

Directions (Q. Nos. 62 and 63) Each of these questions
contains two statements : Statement | (Assertion) and Statement |1
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (0 and (d) given below.

(a) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement |

(b) Statement |is true, Statement llis true; Statement Ilis not
a correct explanation for Statement |

(c) Statement |is true; Statement Il is false

(d) Statement l'is false; Statement Il'is true

62. Statement | ~(p <> ~@)is equivalentto p < @.

Statement |l ~(p <> ~q)is a tautology. [AIEEE 2009]

63. Let p be the statement ‘x is an irrational number’, g be the

64. The statement p— (@ — p)is equivalent to

statement 'y is a transcendental number' and r be the
statement ‘x is a rational number iff y is a transcendental
number’. : [AIEEE 2008]
Statement | ris equivalent to either g or p.
Statement Il ris equivalentto ~(p < ~ p).

{AIEEE 2008]
(b) p— (p—>q)
(d) p— (PAG)

(@) p— (p<q)
© p—(pva)
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Answers

1. (o) 2. (a) 3. (0) 4. (a) 5. (b)
11. (c) 12. (a) 13. (d) 14. (c) 15. (a)
21.:¢a) 22. (b) 23. (c) 24. (b) 25, (d)
31. (¢) 32. (d) 33. (c) 34. (a) 35. (a)
a1. (a) 42. (b) 43. (b) 44. () 45. (b)
51. (d) 52. (b) 53. (b) 54, (a) 55. (c)
61. (c) 62. (c) 63. (¥ 64. (c)

6.
16.
26.
36.
46.
56.

) 7. (c) 8. (b) 9. (b) 10. (¢)
C) 17. (a) 18. (b) 19. (c) 20. (¢)
@) 27. (©) 28. (a) 29. (d) 30. (a)
(d) 37. (b) 38. (b) 39. (d) 40. (¢)
©) 47. (a) 48. (c) 49. (b) 50. (c)
(©) 57. (b) 58. (a) 59. (d) 60. (a)

Hints & Solutions

1. p &~qis true iff p,~q are both true or both false. (. q true
= ~q false, so p ~q are both false)

2. Contrapositive statement If it is not a sunny day, then | do
not go to beach.

Converse statement If it is a sunny day, then | go to
beach.
3. ~(p=q)=par~q
~(~p=>~q)=~pAr~(=q)=~pnrg
Thus, ~(~p=>~Qg)=~pAq
4. ~(pvag)v(=parg)=(=pAr~q)Vv(=pAag)
=~pA(=qVvQ)=~pAt==p
5. Inverse of p =g is~p=~qg
~Inverse of (p A ~q)=ris
~(pA~q)=~r
e (S NI ="
6. (=g An)Vv(r&s)
=(p=qgAan)V(=rvs)a(rv~s)]
=(~pvgAnV(=rvs)alv~s)
[-p=>gAar=—pv(@Arn)]
7. The converse of the given statement is if x + 2 > 5 then x > 4.
8. Given, p : A natural number n is odd and g : natural number n
is not divisible by 2. The biconditional statement p < gi.e., ‘A
natural number 1 is odd if and only if it is not divisible by 2”.
9. (p =) (@ = p)means p &q
Hence, option (b) is correct.
10. If both p and g are false, then p = g is true.

11. p = (— p vq)is false means pis true and ~ p v q is false.

= pis true and both ~ p and g are false.

Hence, pis true andq s false.
12. The inverse of p = ~qgis~p =9

The contrapositive of ~ p =g is ~q = p.

_ (. contrapositive of p =g is ~q = ~ p)
13. Given that, p: 4is an even prime number.

g : 6is a divisor of 12 and r : the HCF of 4 and 6 is 2.

14.
15.

16.
17.

18.
19.

20.

20l
22.

23.

24.

25.

So, the truth value of the statements.
p,g and r are F, T and T, respectively.
Herce, ~p v (@ Ar)is true.

The symbolic meaning of the given statement is ~ (o vq).

A compound sentence formed by two simple statements p
and g using connective ‘and’ is called conjunction.

The symbolic form of given statement is p < q.

The conditional statement p = g reflects that whenever it is
known that p is true, it will have to follow that g is also true.
So, g is necessary for p.

The truth value of ~ (~ p vq)is F.

Proposition p = (g v r) is false, then the truth values of
p,gand r are respectively T, F, F.
w~(P=q)=pVv~q
~ (=TS rSAG G/ e
~S (pg)=~(PAQg)=(~p)V(=q)=S *(~p, ~q)
According to definition let s{p,g)=p g be a compound
statement. Then, s*(p,q)=pvaq,
Therefore, the dual of (o vg)vris(pAq)Ar.
Let p:4+3=7
g:10<12

The propositionis : p A g.
Its negationis ~(pAg)=~p v ~q
We have, 4+ 3= 7 or 10 < 12
Let p: London is in England.

g : Berutis in Lebnan.
We have, p Aq
Its negation is ~ (p A g) = ~ pV-~q
i.e., London is not in England or Berut is not in Lebnan.
Since, p s true and q is false = npis false and ~q is true.

Ty

pPeqis E (since, pis true, q is false) ;
~p&q Is i (since, ~ pis false, q is false) :
~g o pisT (since, ~q is true, pis true) i
~peo~qisF (since, ~ p is false, ~q is true) )
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9. Consider the following statements

p: Two triangles are identical, 29. % 3 s~ T
g Two triangles are similar. P q 9 g (pA=a) ip= B0 a)
Clearly, the given statement in symbolic form is p =@. I i 7 5 i I
So. its contrapositive is given by ~q = ~ p, T T Uy F F
Now, ~ p: Two triangles are not identical 3 ! - s 1? i
~q : Two triangles are not similar F ; . £ | £
B8/ =g =~p: If two triangles are not similar, then these Result is neither tautology nor contradiction. =
a6 fiot identical T 30. It is true for all possible truth values £
~p:q) p\ qr‘”*q‘ =) s P ~p pv~p
Bealaia T F T
F F | F F 1T E T T
1 B T il T
: L T F P q pvq p— (pva) o
S T | F - T T T aler
Last column shows that result is neither a tartology nor a T F I X !
contradiction. E T T T s
F F F it
28. l I T OA A ~F
p | al|l~p|~a|pr~a| ~pva q 31.
g l ; (~pva) E.
2 T i B e F T F p el PLgR )
. T F = e T = = T E E ==
el T F F T F = T E
P E e i F T F
S = i ioti
Clearly, (DA~Q)A(~pv g) is a contradiction o So, statement (pA ~ p)is contradiction.
option (a) is correct.
39. It is clear from table that ~ (~ p = q) is equivalent to ~p A~(g
" p G ~q pAq or~q | ~pAaq | ~pa~q | ~p=4q |~(=p=4)
i T F F T F F F i F B
T F F T F i F F T F 6
F T T F F F i F T F
F F I i E F E i E T N
33. Itis clear from the table that ~ (p <> q) is equivalent to (pA~Q) V(= pPAQG)
d p q =q ~pr~q |~pPvV~q|pPAr~q | ~PAG | P=9 (oA ~Qq)V(~pPAQ) ~(pP <q)
i o ¢ F F F F T F F
i F i i F E i T L
F F T F T F T 7
£ ! T F F i F =
34. p q ~Pp ~q pv~q ~(pv~q) ~pAq
| RTINS e
T 3 F F i F F
T F 7 T i F F —
F T T F F i i
F F T i T F F
o =lpvi=gll=(=PpIng:
35. Truth table =
pA~r ~pvq PAr~r=(~pvQq)

P TR T e e fae 5

g T F F B b

S i . r F I T i
se) e F i F = F B

el Uois - BIEaSET

se) f o B 7| o b 5 D o) 1 I £
: F = T i I = i
e F T F il 1 F i
rue T i} & F T
) - 3 ; T T F T

Since, (p A ~r)=(~pvq)is F. Then, p=T,g =F.r =F

PRS- S

¢ frue statements

i

ISR

30, anndRaf
LQAR= ST AN T

by purchasing novaPDFE (http://www.novapdf.com/) /’/—‘
omH L n
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36 2 q =P, ~pAq p=q q=p ~pp=29q) ~(@=p)
i i F = i T F F
I F F F F i T F
F T 1 j T F F 5
= j = T E i il = F
Itis clear from the above table that columns 4 and 8 are equal.
Hence, ~ p Ag is equivalent to ~ = p)
S P q ~pP ~q PA~q ~PAq (pr~q)A(~pP Q)
T T F F F B F
T F F T i F =
F If T F F T F
F F T T F F E
As we see from the last column of truth table all entries are F. Hence, given proposition is a contradiction.
38. x 1, A, ol p=q)=
P q P q P=q q=~p (=g}
T i} F F i 1l T
] F F T F F T
= il T F i 1 T
F F Al I S i i
Hence, given proposition is a tautology
I
39. »p q ~p ~q Prq) | ~prq) |~pr~q| qrp | poq | p=qg | q=p | P=9
vig= p)
i 1 F = T F F il i il T i
T F F i F T i F F F T T
F i i F F i T F F T F T
E F T Ty A F T T R I i i T
It is clear from the table that false statement is P&qg=(Pp=q)v@=p)
Hence, it is clear from the table that p < q and (p =q)v (@ = p)is not logically equilibrium.
40. The values of ~ (~ p v ~g)all are neither true nor false, so it 47. Truth table for [p A (p — q)]— g
is a contingency. Pl q|p>g PA(P—q) PAP—q)-q
41. If~(p Aq)is false, then corresponding values of p and g are [ il T e
- T IE F E T
respectively T and T. S T - I
42, The symbolic form of the given statement is g = p. [ESSI RS T F T
43. The symbolic form of the given statement is (o Aq). All values of columns are true.
] h : i
44. Statement | is a true statement but Statement Il is not a true Therefore, [p A (> g)] = g is a tautology.
statement. 48, P q pvgq
45. Statement | is a true statement. Statement Il is also a true i 10 T
statement but it is not a proper explanation for Statement . ‘I F T
s i
46. Both statements are true and Statement Il is the correct E F ;

explanation for Statement I.

p:lceis coldq : Blood is green.
P v q :lceis cold or blood is green.
P AQ :lceis cold and blood is green.
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49. Truth table forp A ~ p plqglp=g ~p ~pvq
p ‘l ~p e R F fi
| TR F F F
{ 2 F T il T T
i3 ! E
‘ F F i T 1
So, statement (p A ~ p)is a contradiction.
Truth table for statement Hence, statement (o — q)is logically equivalent to ~ p vq.
p—q 50. If p— g be any conditional statement, then
and = [ONQ) (i) the converse of p— q is the statementq — pP.
(ii) the inverse of p— g is the statement ~ p— ~—@.
51. P q r p—or pAq q-r po@—>r | Gag)—or
il T i i T T T il
T i F F T F F F
il F T il E i T T
il E E F F T it il
E i i il F i T i
= T E T F F T T
B F T il F i i T
F F 7 i F T ili T
From table columns of p— (g — r)is not a tautology and column of p— (@ — r)and(p Aq)— rare identical. Hence, Statement | is

false, Statement Il is true.

52. p q ~p pvg (Pva)r~p ~pAq
T i F i [F &
T F F T F F
F T i i il T
F F i F F F
So, the statement (pvg) A~ P is logically equivalent to ~ pAQ.
53. 55.
p41 q g—p | pPo>@—p) | PVA p—(pva) p q ~p ~pvq p— (PVvQq)
1§ il T T il i e i B i ar
i E i il il§ [ 1 F F # F
F aF F i i T E il T i T
F F i T F i F F T T | v

So, statement p—(@—p) is logically equivalent to

p— (pva).
2
54. P:—n—;Q :D—;R:mis prime.
m m
m=5p=10,n% =100
m=3n=12,n° =144
m=7,n=14n° =196

Let

So, P,Q and Rare true statements.
~QAR=TAT—>T=P

So, from the above table, if p— (~ p vq) has truth value F,
then the truth values of P -and g are T are F respectively.

56.

A| B|AVB|Bo>A|AAB| ~A|~AvB | A (AVB)
T T T e T i
| T F | F F i
ST BT F F T T T

E BESE i F LT T T
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A>(B>A) |[(ArB)> (~AVB)|~[(ArB)—(~Av B)] :
T = F
T T F
T T F
i T F

S0, A= (B— A)is equivalent to A— (Av B).

Alternate Solution

Statement Il (0 — q) & (~g - ~ P)

~Qq — ~ pis contrapositive of p — q

Hence, (b — q) < (o — g)will be a tautology.
Statement | (o A ~g) A (~ p A q)

But ~[AAB)— (~AvB)] is not a tautology f.e., it is (P A~q)
contradiction, P19 1 =R =R ) A(~p A Q)
57. Statement Il (p — g)e (~g—> ~p) T T E E F E F
=(p—>q) o (p-q) ) £ ] 3 e
r . Fom F F T
which is always true, so Statement Il is true. - = T i 2 - F
Statement | (p A ~g)A(=pAQ) L4
Hence, it is a fallacy.
=1 5Ol N TN :
== bA—q Y 58. Letus assume that p: | become a teacher’ andq : lwill open
= SR a school. Then, we can easily ascertain that
Hence, it is a fallacy statement. Negation of (o — q)is~ (0 — q) = p A ~@, which means that
b Shtbment s frue I will become a teacher and | will not open a school.’
59. A 1 B | AvB | AAB | AV(AVB) [AV(ArB)| A-B ]AA(A_>B) Ar(A-> B)— B ‘B—)(AA(A—)B))
i 1 T T i il i T i 1
T = 1 & 1T 1 [F F s i
F T T = T F T F T F
B E F F F F | T F ] T

Since, the truth value of all the elements in the column AA(A— B)— B

So, A A(A— B)— Biis tautology.

60. Suman is brilliant and dishonest, if and only if Suman is rich,

is expressed as, Plaq |~P|~q r~peoq| qvp |(Pe~q)|~p o~q)
Q< (P A~R) IR F F T = T
i i i B F ili T T T F
= P A ~R))
So, negation of it will be ~(@Q < (P A ~R)) ko . . 2 i 3
61. P : There is rational number x € S such that x > 0. Bk e o T = = S T
~ P : Every rational number x € S satisfies x < 0.
Itis clear from the table that r is not equivalent to either of
62 P q p<qg | ~q p~q) | ~(p~q) the statements.
- = = = = = T Hence, none of the given options is correct.
o i i [ : 64. 9| P |a>p|p>@>p)| pva | po v
F i F F T F = = = -
F F il 1 F i ol 3 P e 2 :
63. Here, p: x is an irrational number F T T T = -
g : y is a transcendental number F F T i F i

r . x is a rational number iff y is a transcendental number

= f.~=p<q
S,.r=gvp and

3

S A= —(pla)

So, statement p — (@ — p)is equivalent to p— (P vaQ)
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Unit Test

(Statistics Probability &

X

Mathematical Reasoning)

1. One mapping is selected at random from all the mappings
of the set A={1,2 3 ...,n} into itself. The probability that
the mapping selected is one to one is given by

4
@ — (o) %
(0) (77:_11)! (d) None of these

2. A natural number is selected at random from the set
X={x:1<x<100}. The probability that the number
satisfies the inequation x* —13x < 301is

, 9 8
S Hjpets
(a) 50 (b) 5
(c) - (d) None of these

11
3. A fair coin is tossed 100 times. The probability of getting
tails an odd number of times is

(@) (b) 18

(c) (d) None of these

olw N =

4. A man is known to speak the truth 3 out of 4 times. He
throws a die and reports that it is a six. The probability that it

is actually a six is

b) —
()5

(d) None of these

@)

(©)

Ml olw

5. A letter is taken at random from the letters of the word
‘STATISTICS’ and another letter is taken at random from the
letters of the word ‘ASSISTANT". The probability that they

are the same |etters is

1 13
@ 75 ®) 950
19 per
© 50 @ 7

6. Let0 <P (A)<1,0<PB)<
and P(Au B)=P(A)+ P(B) - P(A)P(B), then

B
by Pl=|=0
© ~(2)
(©) P (A" nB)=PA") P(B) (d) P(A/B)+ P(B/A) =1
7. An ellipse of eccentricity géé is inscribed in a circle and a

point within the circle is chosen at random. The probability
that this point lies outside the ellipse is

(@) (0)
(©)

(©)

©Ol=wl—=
©INw| N

8. The probability that when 12 palls are distributed among
three boxes, the first box will contain three balls, is

29 12C ‘29
(@) —qu (b) —3%—
20,212

() (d) None of these

31.2

9, Four-digit numbers are formed using each of the digit
1,2,..., 8 only once. One number from them is picked up at
random. The probability that the selected number contains

unity is
1 1
a) — )=
(@) > (o) i
© 18 (d) None of these

10. While shuffling a pack of playing cards, four are accidently
dropped. The probability that the cards are dropped one
from each suit is

1 2197
@) — ) =
256 ®) 20825
&
C) —— d) N
(©) i (d) None of these

. Let
. If P

indo

- thel

)

con
me
ern
ha

nt |

tll

ch

ne
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11. A boy is throwing stones at a target. The probability of
hitting the target at any trial is % The probability of hitting
the target 5th time at the 10th throw is

S 6
@ % )
10
@ 10C
© @) ¢

12. An automobile driver travels from plane to a hil station
120 km distant at an average speed of 30 km/h. Then, he
makes the return trip at an average speed of 25 km/h. He
covers another 120 km distance on plane at an average
speed of 50 km/h. His average speed over the entire
distance of 360 km will be

(@) 30 + 235+ 50

km/h (b) 22+ 35+15

b 3
(d) None of these

km/h

(c) < - km/h

S

30 25 50

13. The mean of 10 numbers is 12.5, the mean of the first six is
15 and the last five is 10. The sixth number is

(@ 12 () 15
(c) 18 (d) None of these
14. The geometric mean of numbers 7,72,7%,... 7" is
77//7 (b) 7/7/7
(C) 7(/1—1)/2 (d) 7(n+ 1)/2

15. For a frequency distribution consisting of 18 observations,
the mean and the standard deviation were found to be 7
and 4, respectively. But on comparison with the original
data, it was found that a figure 12 was miscopied as 21 in
calculations. The correct mean and standard deviation are
(a) 6.7,2.7 (b) 6.5, 2.5
(c) 6.34,2.34 (d) None of these

16. If runs of two players A and B in 10 cricket matches are
such that player A has mean 50 and variance 36 and player
B has mean 60 and variance 81 of runs, then the player
more consistent in runs is
(a)A (b) B

(c) Both are equally consistent (cl) None of the above

17. The upper quartile for the following distribution

Size of items | 1 2 3 cl

Frequency 2 4 5 8 7
is given by the size of
31+ Dy i ) |2 31+1)]\h e
(a)( 7 ){ item i

© o ppiem

JEE Main Mathematics i us+ 40 Days

18. The marks obtained by 60 students in a certain test are

given below
Marks Number of students
10-20 2
20-30 3
30-40 4
40-50 5
50-60 6
60-70 12
70-80 14
80-90 10
90-100 4

Find the median of the above data.

(@) 68.33 (b) 70

() 71.11 (d) None of these
19

If the mean of a binomial distribution is 25, then its standard
deviation lies in the interval given below

@) [0, 9) (b) (0, 8] (©) [0,25)  (d) (0, 25)
20. Five-digit numbers are formed using the digits 0. 2, 4, 6, 8

without repeating the digits. If a number so formed is
chosen at random, the probability that it is divisible by 20 is

(@ 1/2 (b) 1/3 (c) 1/4 (@) 2/5

21. Let S be the universal set and n(X)=k. The probability of
selecting two subsets A and B of the set X such that B = A,
is

1 1 1 1

@ = (19) == © = @) =
2

22. Let p: She is intelligent and g : She is studious. The

symbolic form of “it is not true that she is not intelligent or
she is not studious” is
@ pr~q

©) prq

() ~paq
(d) None of these

If p : Ajay works hard, g : Ajay gets good marks, then
proposition ~ p = ~q is equivalent to

(@) Ajay does not work hard and yet he gets good marks
(b) Ajay work hard if and only if he gets good marks

(c) if Ajay does not work hard, then he does not get good
marks

(d) None of the above

23

24

~[(pvag)a~ (pAQq)lis equivalent to
@ peg () ~pag
(©) ~(peq) (d) None of these

25. Assuming (pv g)is true and (p A q) is false, state which of

the following proposition have true values?

@ ~pagq (b) ~pv~q
(€) peq (d) None of these
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26. The dual statement of the compound statement “Rohan
and Mohan cannot speak French”.

(@) Rohan or Mohan cannot speak French

(b) Rohan speak French and Mohan speak French
(¢) Rohan and Mohan both speak French

(d) None of the above

27. The proposition of (o v r)a (@ v r) is equivalent to
@ (pAg)vr (B) (pvg)ar() pa@vr)(d pv@nar)
28. The dual of [pVv (~g)] A (~ p)is
@ (pva)ap
€ (pA~pVv~q

®) (=pva)v(=p)
(d) None of these

29. If the arithmetic mean of two unequal positive real numbers
a and b (where, a> b) be twice as their geometric mean,
thena : b is equal to
@R+ +3):(\2 + 3)
© @+ +3): @2 -3)

30. The variates x and u are related by hu = x —a. then correct
relation between ¢, and ¢, is
(@) o, =ho,

b)@-+3): @2+ V3)
(d) None of these

(b) o, =ho,

(c) o, =a+ho, (d) o, =a+ho,

31. Given that, x € [0, f]and y € [0, 1}. If A be the event of (x, )

satisfying y° < x and B be the event of (x, y) satisfying
x% < y. Then,

(@) P(An B)= 13 (b) A, B are exhaustive

(c) A, B are mutually exclusive (d) A, B are independent

32. There are two independent events A and B. The probability
that both Aand B occurs is 18 and the probability that neither

of them occurs is ‘11 Then, the probability of the two events

are, respectively

eIl 2 5+ 14 3
(8) ——, o) ——=
G ® S 7 Vil 16 5+14

() (11)(11) (d) None of these
82)\2 8

Directions (Q. Nos. 33 and 34) Let p : lines | and m are
perpendicular to each other.
q: R is a point on line m. »
and r : R is a point in the line m which is perpendicular to [.
33. The proposition of this statement is
(@) r=prg (b) r=pvq
(¢) r=(pag)r—~9 (d) None of these

34, The negation of above statement is
(@ ~r=pv—q (o) ~r=~pvq
(€) ~r=~pv~q (d) None of these

Directions (Q. Nos. 35 to 37) A box contains n coins. Let P(E)
be the probability that exactly i out of n coins are biased. If P(E;) is
directly proportional to (i +1,1<i<n.

35. Proportionality constant K is equal to
(b)

P+ )n+2)

©) = (d) None of these

n(n+ 1)(n+ 2)
36. If P be the probability that a coin selected at random is
biased, then P is equal to
B Bn=1(n+2)
4n(n + 2)
(Bn+ 1)
5n(n + 2)

) (Bn+ N(a + 2)
4n(n + 2)

() (d) None of these
37. If a coin selected at random is found to be biased, then the
probability that it is the only biased coin in the box is
24
L (0)
n(n+ )(n + 2)@n + 1)

A+ N+ 2)@n+ 1)
24

(©
n(n + 1)(n + 2)(3n + 1)

(d) None of these

Directions (Q. Nos. 38 to 41) Each of these questions contains
two statements : Statement | (Assertion) and Statement Il
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (0) and (d) given below.
(a) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement |.
(b) Statement | is true, Statement Il is true; Statement Il is not
a correct explanation for Statement |.
(c) Statement | is true; Statement Il is false.
(d) Statement | is false; Statement Il is true.

38. Suppose two groups of scores A and B are such that
A=(x, X +2,x+4and B=(x =2, X + 2, X + 6)
Statement | Group B has more variability than group A.
Statement Il The value of mean for greup B is more than
that of group A.

39. Let p: He is poor. g : He is happy.
Statement | The symbolic form of the statement “It is not
true that if he is poor, then he is happy” is ~ (p = q).
Statement Il The negation of the above statement is
(p=~q).

40. Let Aand B be two independent events.

Statement | If P(4) = 0.3and P(Au B) = 0.8 then P(B)is 2.
- 7

Statement Il P(E)=1-P(E), where E is any event.
41. Statement | The statements (p vq) A ~pand ~p Aq are
logically equivalent.

Statement Il The end columns of the truth table of both
statements are identical.
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Answer with Solutions

1. (o) Total number of cases = n"

6. (c) Given, P(AUB)=P(A)+ P(B)— P(A)P(B)
= The number of favourable cases P(ANB)=P(A)P(B)
=ARS e 1 = P (A'nB') =P (A") P (B))
=nl X2 V2
: nl (=1 7. (b) Let equation of elipse be £+ £_ =1 (where, a > b)
< Required probability = /7 = : af) . b2
n/? nnf‘l
2. (b) Total number of ways = 100
Given, X% —13X <30
2 C
= (X B) @9 A a -' a B
2 4
= 1_7_ < e E < E
2 2 2
— S22 =85
X eN Area of an ellipse = rab
5
X=41172,8,...5] =nax a|1—e? = na? |1 8 _ 2
, : Pode it g 9 3
-+ Required probabjlity = 2 = °
100 20 Area of circle = a?
3. (@) P(X = odd number) na? _ma’
=PX =N+ PX=3)+..+PX= 99) -.Required probability = ~\23 2
100 100 100 na 3
SO0 U 1005 (1 41000 (1
2 32 =D 8. () Since, each ball can be put into any one of the three boxes,
13120 1\ so that total number of ways in which 12 balls can be put into
0, 100 9
S e OUng)(Ej =2 9(5) = three boxes is 312,
The three balls can be chosen in 12C3 ways and remaining 9
4. (a) Let £ = The event that six occurs i - < P
" ; balls can be put in the remaining 2 boxes in2” ways.
and A = The event that the man reports that it is a six 2 ‘
B PE)PIAE) ~.Required probability = 3 2"
B ottt S NS i, S 312
A PEYP(AE) + P(E")P(AE”)
_ 16y 3 9. (a) The totaal number of four-digit numbers formed with the digits
 (1/6)3/4) + (5/6)(1/4) 8 12,..8is °C, x 4L,

5. (c) Letters of the word STATISTICS are A, C, I I, S, S, i il Now, the total number of four digits numbers formed with the
Letters of the word ASSISTANT are A A | N. S, S, S, T, T. 9'Cg'ti L 2 8 and containing unity as one of the digits is
Common letters are A, I, S and T. R A

7 : il 22 - Required probability = 8\3X_ al
Probability of choosing A is et 5 cill: Cr
s MO pina0 : e I e
ility of choosing | is — x — = —. 10. (b) Required probability = 15 ~ 2197
Probability of ¢ BiE52% " 5 %C, 20825
B y wmBm 1310 1 1
Probability of choosing S is o < o 11. (b) Here, p= 5 andq = .

: : ARct 2 06
Probability of choosing T is T sesi=E

9 oap ; i g o N Pl
900 - Required probability = Cll ==l
2 | Sosamyets AN
.. Probability of required event = i + = + 50 + i P (1)10 N e
=Gl = P
(

2 1x2x 3x 421 29
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12. (O A 21204120+ 120
(c) Average speed 50 : 120+ 50

3 25 50
1 8
W km/h
i S
30 25 50

13. (b) Let the mean of the last four digit be A,.

Then, 125 =M

6+ 4
L 125=9O+4A2:,~A2=3—f
Let the sixth number be x, then
1X x+ 4% ?5
10.—_______4_
1+ 4
= 50=x+35 = x=15

oo £ AN/ ¢ ol
14. (d)GM=(7-72...7”)"”=[7 2 } =7 2

15. (b) Given, % —7=3x =126
Also, Zo—i126 = 2l 2=l
True mean = gﬁ = ﬁ =615
18

2
Since, % — (Mean)® =16

X _

= ———42+(72
18 )
= X 70
= $32 =1170 - 21 + 12% = 873

2

- True variance = ZT);’— — (Mean)?

(6.5) = 48.5— 42.25=6.25

873 _
1

. True standard deviation = /True variance = J6.25=2.5
16. (a) Given that, mean and variance of players A and B is
X, = 50, 0 = 360rc; =6
X, = 60,05 =810r 6, =9
From the following formula, we can check consistency
x 100

coefficient of variation = SD
mean

Therefore, coefficient of variation of player,
A=91%100= 2 x 100=12%
% 50

and coefficient of variation of player,

B= 92 x100= - x 100 =15%
X5 60

Since, coefficient of variation of player A s less, hence it is more
consistent in comparision to player B.

17. (c) Upper quartile = Size of

= Size of [3(————31: 1)] th item

&) ’4n+1 th | item
4

18. (a)

Class X; f, R (o AERPW
10-20 15 2 2
20-30 25 3 5
30-40 35 4

40-50 45 5 14
50-60 55 6 20
60-70 65 12 82
70-80 76 14 46
80-90 85 10 56
90-100 95 4 60

Here, N = 60 = g — 30which lies in the interval 60-70.
N
=@
Median =/ + 2 -

X h

305 20)( 10

12

oo e
2

=60+

19. (a) Since, 0 < \npq < np
= 0<SD<5
= SD e [0, 5)

(- p=0)

20. (¢) The total number of numbers formed is 5! — 4! = 96.

If a number is divisible by 20, then the last digitis 0. The number
of numbers with zero at the end is 4! =24.

. i za
. Required probability = — = —
i i 9% 4

21. (b) Total number of subsets of X is o
ns)=>c;
Let n(E) = The number of selections of two non-intersecting
subsets whose union is X.
=1("C0 W he, = dxon
2 2
1

ek k=1
. Required probability = 2 — < e

2°C, Qk(zk—q PR
2

22. (c) Here, ~ p: She is not intelligent.
~q : She is not studious.
So, the required symbolic form is ~(~ pv ~q)or pAg.
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23. (¢) Given, propo

JEE Main Mathematics inus+ 40 Days

sition is equivalent to “If Ajay does not work

harad, then he does not get good marks”,

24, (@) It is clear from the table that column liird and IVth are

31. (a) A=The event of (x, y) belonging to the area OTQPO

and B = The event of (x, y) belonging to the area OSQRO

identical,
S ey P9 | ~lPvghr~(pnaq)]
5 i 1 1 1
t F F F
F if F F
F = T T
25.0 p | q |pvg PAG|~pAq|~pv~q| peogq
(A F F T F
= i il E il T F
26. (a) Rohan or Mohan cannot speak French.
27. (a) Using Distributive law,
(PVIA@ V)= (pAg)vr
28. (d) The dual of [pv (~q)(~ p)]is [PA(=q)Iv(~ p).
29. (¢) According fo the question,
We have given that,
Arithmetic mean = 2 x Geometric mean
= g ; bt 2./ab
= a+b=4/ab ()

We know that,

(@=b) =(a+ b - 4ab

On substituting the values of (a + b) from Eq. (i), we get
(@—-b) = (4Jab)? — 4ab = 12ab

=

Now,
and

a—-b=2+3ab ...(if)
a+ b=4J/ab
a—-b =2y3ab

On adding above equations, we get
2a = +/ab (4 + 2+/3)
= 2a=2+ab@ + +/3)

—

a=+ab (@ + /3)

On putting the value of a in Eq. (i), we get

Vab @2 + +/3)+ b = 4/ab

b = 4v/ab — vJab 2 + /3)
b=+ab(4-2-3)
=+ab (2 - V3) =
‘[63(2+‘/§)—(2+~/§):(2—~/§)

. o,a:b=Y0E+V8)_
Required ratio, a Jab @ -V3)

X a
30. (a) Here,u = e

We know that standard deviation is not dependent on

change of origin.

o, =-0#=?0'x=hou

4 &(OTQPO) g
ar(OPQRO) Ar
1 P=x
fw/;dx R
=“0 1 Q
1531
1
=[gx3/2J :g T
3 e
p() - AOSQRO) .
ar(OPQRO) o =
1
_Lvey o
T 3
1 2
P4 B = BOTAS) _ JYXo-[ Xk 5 4 4
ar(OPQRO) 1x1 383
202
P(A)+ PB)=% + £ %1
(A)+ P(B) e
So, A and B are not exhaustive.
Then, P(A)-PB)=2.2-2.panp)
3 349
So, A and B are not independent.
Then, P(AUB)=1,P(4) + P(B)= % + % # P(AUB)
So, A and B are not mutually exclusive.
32. (a) Given, P (A AB):%
and P(ZmE):%
;
P(A)-P(B)="
(A)-P(B) 5
and P(AuB):%
= P(A)-P(B):%
and P(AuB)=1-1-3
4 3
- [:P(AUB)=P(A)+P (B)-P (AnB)
1
= =P(A)+PB)-—
7 (A)+P(B) 5
= P(A)+P(B)=%
Let P(A) = x then P(8) = |-
8x
2
X+.1_=Z.=>8x +1=Z
8x 8 8x 8
= 8X° +1=7x or 8x-7x+1=0
o 7E19=32
16

P(A)=71J1_7
16

= PB)=—2

77
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}2 L nin+ 125(2n + 1)}

n(n+ 1)(3n® + 7n + 2)

_@Bn+N(n+2)

SO
@+ N +2)

=(xX+2 x+ 4)
=(x—-2,Xx+2 X+ 6)
_ X+ Xx+2+x+4

=B s D s 5

n(n+1)(n+2)@3n+1)

=X+2

and mean of B =

3= pA)+PE) -1
4
= +P(B) = L
8
Let P(A) = x,then P(B) = —-
8x
%
8
- i
8
= 8x% +1=7x
or 8x% —7x+1=0
_ 7£49-32
16
_7xAA7
16
= = 2
7w T
. (@) Itis clear that proposition of given statement is
r=(pAq)
- (@ ~(PAQq)
or ~r=-~pv~q
. () Since, P(E,
Also, PE) -+ -+ PE)) =1
k Z i+ 1=
i=1
) k[ (n+1 +nn+1]
= ( +
=
E
(b) P (E) —]

=IXER2

Hence, group B has more variability than group A.

Since, from the given data difference in scores of group A is 2
but difference in scores of group B is 4.

. (¢) Hence, Statement | is true and Statement |l is false.

. (@ P(AUB)=1-(AUB)
=1-P(AnB)
=1-P(A)P(B)

0.8=1-0.7 %X P(B)

P | q v (Pvg)r~q
T T F T F
T | F F T F
F LT T T T
F| F 7 F F

It is clear from the table both statements are true but
Statement |l is not correct explanation for Statement |,
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Mock TEsT1

(Based on Complete Syllabus)

Instructions

The test consists of 30 questions.

1.
2. Candidates will pe awarded marks for correct response of each question. 1/4 (one-fourth) marks will be

deducted for indlicating incorrect response of each question. No deduction from the total score will be made if

noresponse is indicated for an item in the answer sheet.

3. There is only one correct response for each question, Filling up more than one response in each question will be

treated as wrong response.

|
|
|

1. Let f(x) satisfies the requirements of Lagrange’s mean

value theorem in [0, 2]. If f(0)=0and |7 (x)| < 21 for all x in

[0, 2], then

(@) fix)<2 (b) [f(x)] <1 (©) f(x)=2x

(d) f(x)= 3for atleast one x in [0, 2] i

. The value of £(0), so that f(x)=—_(4" =1 B

sin (—)5) log [1 + XJ
4 3

continuous everywhere, is equal to

(8) 3llog 4° * (b) 4log 4° (c) 12(log 4° (d) 15(log 4)°

is

- The number of ordered pairs (o, ), where o, B € (-m, m)

i,
satisfying cos (o —B)=1and cos (o + B)= . is

(@ 0 (b) 1 (© 2 (d) 4
. The statement ~ (pvg)v (~p Aq)is logically equivalent
to
(a) p (b) ~p (&Ne] el =g
3
. If A={8:2c0s?6 +sin@ <2} and B={e:-§-se s—2—},
then A m B is equal to
3n T Sn}
: e DB <lg< =t
(a) {B.nSGSQ} (){ - -

(©) {e;fses%omses%ﬁ}

2
(d) None of the above

10.

6.

7o

8.

9.

The coefficient of x*® in (1+ x)*' (1= x + x2)% s
@ o0 (b) 1 () 2 d 3
P
The value of log, log, \74/7+/7 is
(@) 8log,7 (b) 8log,2 () 1=38log,2 (d) 1-38log,7
] 1/2 1+ X 1 ) "

The integral f__[/z[[x] + log [mJJ ax is equal to

1 1
a) —— b) 0 c) 1 d) 2log —
@) 5 (b) (© @ 092
A square OABC is formed by line pairs xy =0 and

Xy+1=x+y, where O is the origin. A circle with centre C,
inside the square is drawn to touch the line pair Xy =0 and
another circle with centre C, and radius twice that of C, is
drawn to touch the circle C, and the other line pair. The
radius of the circle with centre Cis

a) J__ (b) 2v2
V32 +1) V2(V2 +7)
V2 (@ V2 +1
32 +1) &

A function y=f(x) has a second order derivative -

o) = Bl = 1). If its graph passes through the point (2, 1)
and at that point the tangent to the graphis y = 8x - 5, then
the function is
@ (x-1°
© (x+ 17

(B) (x+1)°
(@ (=1

MWW, N0VADC O[]
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11. A natural number x is chosen at random from the first ong 19. Normals AO, AA, AA, are drawn to parabola y? =8x from
?;J rldzrg)d(x _nia(t)L)Jral numbers.  The  probability  that the point A(h, 0) If AOAA, is equilateral, then possible
T T <0 values of h is
5 4 (@) 24 (b) 25
Sl e © 2ls (d) None of these (ojis (d) 27
P b 20. The unit vectors a and b are perpendicular and the unit
12. 1f A = = where r is a natural S vector ¢ is inclined at an angle 8 to both a and b. If
: L il } : | ngBR A nmsCeinen ¢ =0a + pb + y@ x b), then which is not true ?
[A |+ A |+ ...+ Ao | must be equal to y (@ v* =1-2a° (b) o =28
26
(8): 2010 (b) (20107 (c) 2011 (d) (2010)° (©) ¥° = —cos28 (d) B2 :LﬂiC;L
13. If z is non-real and i =+/—1, then sin™' G (z —1)) be the 21. 11 0° <6 <180° and 815" 9 + 81°°5® = 30, then 8 is
angle of a triangle, if (a) 80° (b) 45° (c) 120° (d) 150°
@ Re @ =1Im@2)=2 (b) Re(@)=1-1<Im(z)< 1 22. The sum of n terms of the following series
() Re(2)+ Im(z)=0 (d) None of these 1+ [0+ )+ [0+ x+ )+ ...will be
14. If lim s;_n2x_—’;aﬂ{ is finite, then the value of a and the (@) 25 (b) X1=x)
x—0 X 1= % = %
limit are respectively nd = x)= x( = x")
(8) — 11 B2-1 . @21 @) =2~ S e — Glepe TP

15. The ends A and B of a rod of length /5 are sliding along the 23
curve y =2x°. Let x, and xg be the x-coordinate of the

ends. At the moment when Ais at (0, 0) and Bis at (1, 2) the

. Let function f:R— R be defined by f(x)=2x + sinx for
x e R thenfis

B dxg e | ‘ (a) one-one and onto (b) one-one but not onto
derivative s asifievaliseduaito (c) onto but not one-one (d) Neither one-one nor onto
(a) 1/3 (b) 1/5 (c) 1/8 (d) 1/9 24. For the arithmetic progression a a+d,a+2d,a+ 3d,
16. Suppose the function g, ()=x"*"+a.x +b,: (1 €N) Lol (+ 2”3 bthe peRm el "O”(" me:?g &
n(n + n(n+
. g B AE e b e
satisfies the eciuatlon i ) e
_[_1 (Px+q)g,(x)dx =0 o w (d) None of these
il ar
for all linear functions (px+q), then
e e S 25. A dictionary is printed consisting of 7 lettered words only
(@) 8, =b, =0 Plegmes 0@ on+ 3 that can be made with a letter of the word CRICKET. If the
3 4 083 o 3 words are printed in alphabetical order, as in an ordinary
(6) 8y =0:kn= Nom e Wty =om i =T 5 dictionary, then the mumber of words before the word
S CRICKET is
0 eS| @ COSPE—2 (a) 480 (o) 481
17. Given, f(x)=|sinx — x* 0 1-2x | then () 530 (d) 531
- o= 0 5 :
s P Directions (Q. Nos. 26 to 28) Each of these questions contains
I f(x)dxis equal to two statements : Statement | (Assertion) and Statement i
5 (Reason). Each of these questions also has four alternative
(a) _Xi—xzsinx+ sin2x+C (b) X _ x2sinx—cos2x+C choices, only one of which is the correct answer. You have to
3 3 select one of the codes (a), (b), (0) and (d) given below .
© X_3 _ x2cosx—cos2x+C  (d) None of these (a) Statement | is true, Statement Il is true; Statement il is a
3 correct explanation for Statement |,
18. The two vertices of a friangle are (4,-3) and (-2,5) If the (b) Statement | is true, Statement I1is true; Statement Il is not a
rthocentre of the triangle is at (1, 2), then the third vertex is correct explgnatlon for Statement |.
o by (33,26) (c) Statement | is true; Statement [l is false.
@ (- 33:,3;)26) Ed; (No'l'qe S (d) Statement | is false; Statement Il is true.
(c) (26, 33)
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26. Consider g(x)=f(x)-1and f(x)+ f(1- X)=2,V x eR,
Statement | 9(x)is symmetrical about the point G 0).

Statement Il If g(a - X)=-g(@+x),V x eR, then g(x) is
Symmetrical about the point (@ 0).
27. The equation of two straight lines are X =1 _ ¥ +3 =
1

z-2
2 -3

X=2 y=1 _2z+3

2

Statement | The given lines are coplanar.
Statement Il The equation

2X =y, =1, X, + 3y, =4, 3x, + 2y, = 5are consistent.

and

—
|

28. Statement | For

g

. the volume of the

parallelopiped formed by vectorsi + g jai+j+kandj+ ak
IS maximum.

JEE Main MathematiCS in Just 40 DayS

Statement Il The volume of the parallelopiped having
three coterminous edgesa,bandc =|[abc] |

29. The solution of the differential

(o)

d—i +4x%tan y =e*sec y satisfying y(1)=0, is
(@) tany = (x—2)e*log3
(©tan y=(x-1)e*x3

equation
X3

(b) sin y=e*(x—1) x*
(d) sin y =e*(x—1)x3

2. Wp
30. At a point P on the ellipse X—2 + g—z =1, tangent PQ is drawn.
a

If the point Q be at a distance dl from the point P, where p is
Jo}

distance of the tangent from the origin, then the locus of the
point Q is

e 1 5 E 1
Ut tliapn  Clonnleae
2 2
(C)x—2+f§= 1 (d)x—z—é= 212
a® b a?p? ac e adb

Answer with Solutions

1. (b) Since, f(x) satisfy the Lagrange's mean value theorem.

x—0
where,0<c < x<2je,0<c <2
= f(x) = xf'(c)
= WI=Ixre)l=Ixiire) s2- 2 =1
= [f(x)| <1
(@ -~ 17

2. (@ lim fi)= lim

sin (g) log [1 + ?J

=(log 4> - 4-3- % = 12(0g 4

3. (@) Since, cos(@—-B)=1
o—p=nw
:Uf 2n<o-B<2n {0, B €(-m m)}
a-p=0

p ithout this message b

Thus, cos (@ + B)=

@ |~

=> cosZoc:el<1,which is true for four values of o, as
21 <20 <2,
4. B) ~(Pvq)Vv(~pAg)=(~pr~q)v(~pAq)
==PA(Sgivigl==p

5. (c) Now, 2cos? 6 + sin@ <2 andgses%

= 2-2sin’0+sin6<2 = sinb 2 sin@—1)> 0

Case |l sin6>0and2sin6—1>0

V7
1‘r y=sin @
=
1/2 : V=2
I 1
x ! 1 \m 315/2 ZR‘X
2 SMS\j/
i
-1 ;
v
sinGanndsinezl
2
g 1
= sing > —
2
b4 51
—<Ois=—
= 2 6

urchasing novaPDF (http://yyww.novapdf.com/)
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Case ll sin8<0 and 2sin8-1<0
sinGsOandsines%

o sinB<0

- r<0< % 0

From Egs. (i) and (ii), we get
T

3n

AnB:{er esgt.orn<e<_}
6 2

2
6. (@) Coefficient of x* in (1+ x)*(1 - x + X2t
= Coefficient of x*° in (1+ x)(1+ x%)%
= Coefficient of x*° in
EX's “C® + . 0, (°)®
=0

FRC AN )
+ l)

8
=log, (gj =1-log; 2° =1- 3log,2

8. (a) Let/= j l:[x]+|og[ J]dx

- _[j/z[x]dx+ jo ®[Xlox+ 0

1 1 1
7. (0) log, log, 72" ¢ 8 =jog, (

M|_;
J’:-I—A

[ log [ JIS an odd functlonJ
- X

_ 1/2 D ]
_J’_V2-1orx+.[0 0dx=-[x]%, + 0=~ -

2
9. (c) Diagonal of the square =2
Ve
4 -1=0
c = B
CZ
2r
C!‘ / x-1=0
X'« 5 - i X
. 'y
Also, d =2 + 3r+22r
= V2 =3V2r+3r
_anl2h
R 3(2 + 1)
10. (a) Giventhat, f*(x)=6(x-1)

()= 3(x-1? +C, ...(0)
But at point (2, 1) the line y = 3x -5 is tangent to the graph
y=f(x).

(Q) =3 o 2)=3
K Jx=2)

FromEq. (), F@)=3@2-1°+C,
= 3=3+C,

—
;cn}

. .
&
= Ci=0
f(x)=38(x-1?
Given, fie)=1
= fx)=(x=1° +C,
= f@)=1+C,
= 1=1+C, = CZ—O
Hence, )= (x - 1)°
11. (0 Since,w(x"—m<0
(x—30)
= X € (~ o, 20) U (30, 40)
E=(1,2] 3193815308 30)
2 n(E) = 28
7
~ R d probability = £ = ~
equired probability = 00 =
12. &) |A | =12 (- 17
2010
[A |+ Ay | + . | Agyrl = Z A== P

= (20102 - (0) = (2010)2

13. (b) By the properties of inverse trigonometric function

ﬂ—real
i
= _M real =>X—+y—real
i

= X=-1=0=>x=1

sin™ (qu):sin‘1 )

i

So, -1<y<1

Re@) =x=1-1<Im(2) <1

14. () X”_rpo sin 2xx—3 asinx

(9 form)
0
Since, the limit is finite number, so the numerator should be

finite,a =2
(9 form)
0

(9 form)
0

=i 2.C0S2Xx — acosx
X— 0 3x2

2C0S2x -2 cosx
EERIEN S aCOSIX
x— 0 3x2

—4sin2x + 2 sinx
= e e Ned iy e
x>0 ()¢

i 80032x+2003x__1
x>0 6

15. (d) We have, y =2x?

(AB = (x5 = X )° + 2x3 —2x2)2 = 5

= (X=X P+ 40 -x2)2 =5

On differentiating w.r.t. x, and denoting, % =D
A

2(xg ~ %4 )(D~ 1)+ 8(x3 - X3)(2xgD - 2x,)= 0
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On putting x, = 0 Xg =1, then
2(1-0)(D-1)+ 8(1-0@D-0)=0

= 2D-2+16D =0
= D=1
9

16. (b) We have, J’j} (PX+q)(X*™*! + 8, x+ b, )ax = 0

get

26 . 2ap
S e 2 el = Oierel/e),
n+d 3 g ik

3
2n+ 3

Hence,

n=0and a, =-

0 X% —sinx cosx—2
17. (@) f(x) = |- (x — sinx) D - =2

=(Cosx~2) —(1-2x) 0 l

Hence, itis a skew-symmetric matrix of odd order, then
f(x)=0
'[ f(x)dx = 0 + constant

18. (b) Let the third vertex be (h k).

Now, the slope of A0 orAD is f;f
7 —

A (h, k)
E
0(1,2)
Bi(4, —3)D) C (=2, 5)
O 4
| of BC is =-_
o —2=g 3
.. —3=-2 5 k-5
= — —and slope of AC is 5
Slope of BE is ~ = o =
k-2 4
i BC —X[==|==1
Since, AD L =" T ( 3)
— 3h=4k -5
Again, since BE | AC
= k"5=_1
& 3 hto
= 3h =5k ~ 31
On solving Egs. (i) and (ii), we get
=288
and k=26

Equating' the “odd component to be zero and integrating, we

.. (i)

JEE Main Mathematics iy 40 Days

19. (¢) Let A = (22, 4ty), A, =(tZ, - 4t,)

v
A
Sk = 246 O 1 el
)
v
Clearly, ZA0A = g: 5: % = =243

Equation of normal at A(h, 0)is
y=-tix+ 4t + 2t3
= h=4+2tf =4+ 212 =08

20. d) Here,la|=|b| =|c|=1a-b=0 and
cosb=a-c=b-c

Now, c=aa+ Bb+y(@xb) )

= aAc=a(a-a)+B(a~b)+y{a-(a><b)}
= cosbi=alald =" cosf=g
Similarly, by taking dot product on both sides of Eq. (i) by b,
we get
B =cos@
o=0
~From Eq. (i), |¢|® =|oa + Bb + y(a x b)|?

=o®[al® +B%[b[2+ 12 [a x b 2

+ 208 @-b) + 20ty {a-@@axb)}+ 2By {b-(a xb)}

= T=0 + B2 + y%[axb|?
= 1=202 + y2 {1a|2-1b|23m2 25}
= 1=202 + 42
= S 1k-2c0s20 = boslog
2
e a2=B2=1—’Y =1+COS29
2 2

21

(@) Let81sin*0 _;

Given, 8150 4 gqoos®e _ g0
t+%1=30

t2 - 30t + 81=0

¢ ~27)(t -3)=0

=278
g{sin®e _ g4sin®6 _ 38 3!

4sin® 0 = 3, 4sin%0 = 1

sine=:t£,il
2 2

L | [
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22. (0) w1+ (14 NHE M+ x+ X3+, .

+(1+x+x2+x3+4..+x”‘1)+,..

=%{<1—x>+(1—x2>+(1—x3)

+ (1= x"+ ..} + upto nterms
=) [ [0S . n terms)}]
1-x iy
e [n_xﬁ—x”) _ (= %) - x(1= x")
(-x) e e (=0

23. () -
(X)=2 + cosx > Ofor all x
Since, f(x)is strictly increasing. So, fis one-one.
Here, llm f(x)_ —oo and hm ) =

f(X)=2x + sinx

Hence fis onto.

24, (b) - Meanx= [a+(@+d)+ (@a+2d)+ +(@+2nd)]
@n+1)
:;[@(a+a+2nd)J=a+nd
@n+| 2

. Mean deviation from mean

—_ 1 —

_(2n+1)f§ l@+ rd) - (@ + na)|
E](r— )d|

(2n+1)

S )

@n+1) 2n + 1

25. (c) The number of words before the word CRICKET is
4x 51+ 2x 4+ 21 =530
26. (a) Since, f(x)+ f(1— X)=2
= f(X)=1+f1-x)-1=0
= g+ g(l-x=0
Replacing x by x + 21 we get

1 1
+ — |+ == XlI=0
o[ 2l )
Hence, it is symmetrical about (21 O).
279. (a) Any point on the first line is @x; +1, % -3 = 8x +2) Any
point on the second line is (y; + 2, - 3y, + 1,2y, - 3). Iftwo lines

are coplanar, then 2x -y, =1,x + 3y, =4, 33X, +2y, =5 are
consistent.

1
28. (d) Let V=la
0

30.

. (b) We have,

oz

2
NOW, ﬂ:—
da?
Y B
da® o 1y B
(%)

e : 1
Hence, it is maximum Bl @=—

V3

3C"y+4>< tany =e*sec y
= x° cos y 2siny = eX
: Y—+4xsiny=e
ax
= x“cosyg—y+ 4x%siny dx = xe*ax
X

= d (x*siny) = xeX ax
On intergrating, we get

x*siny = (x=1)e* +C ()
Itis given that y = 0, where x = 1

On putting x = 1and ¥=0in Eq. (i), we get

c=0
On putting C = 0in Eq. (i), we get
x*siny = (x—1)eX

sin y =e*(x—)x*
(@) Equation of the tangent at P is
X—acos 6 _ Y=bsine
asin@ —bcos 6

The distance of the tangent from the origin is
ab
(R= g
\b?cos 0+ a2sin Gl
_ Vb®cos?0+ a?sin?g

d
jo) ab

Q
\‘/P (acos @, b sin 6)

Now, the coordinates of the point @ are given as follows

X—acoso y—bsing
—asin@ bcos 6

Vb2cos?e+ a’sin®0  b?cos2e 4 a’sin%p

=1 _ VbPcos’+ a?sing
= o = YORCOSE HaRSHEH
P ab
= Xx=cosp-2SiN6 . y = b sing+ 2C0s8

ab

2 2
= (i‘) +(Z) 50 LI required locus.
b a?h?

-

NWW.N0VADJ O[]
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Mock TEST2

(Based on Complete Syllabus)

Instructions

The test consists of 30 questions.

treated as wrong response,

il J'xlog(1+%)dx =f(x)log(x+1)+g(x)x2+xL+c,

then
2
(8) L=1 (B =21
(¢) g(x)=logx (d) None of these

2. The value of integral ’J'o" [2sin x]ax |, where [x] denotes

greatest integer function, is

@ 22 (b) 2 |
© X (d) None of these
2
2
3. Iff(x)= N0 s 1, then £(x) is continuous
. bx? + ax+ ¢ X>1 i
and differentiable at x = 1, if :
@ c=0a=2b (o)} L= Jo) (e} =z
(cga=bc=0 (d a=bc#0
- 1 . f 5
i = o9 B2 @ i f(x)is
4. If_[f(x)sm X COs X dx = g [f(x)]

equal to
(@)

1
- 2 O 5 B
a® sin® x+ b2 cos? x a“sin® x— b2 cos? x

1 1
d
© i) a?cos? x+ b2sin2 x

a?cos? x - b 2sin? x

Candidates will pe awarded marks for correct response of each question. 1/4 (one-fourth) marks will be
deducted for (ndicating incorrect response of each question, No deduction from the total score will be made if
noresponse is indicated for an item in the answer sheet.

3. There is only one correct response for each question, Filling up more than one response in each question will be

5. The relation R = s (2 2) 6 S (s 2), (@ 3), (1, 3)}

onsetA={1,2 3} is

(a) reflexive but not Symmetric

(b) reflexive but not transitive

(©) neither symmetric nor transitive
(d) symmetric and transitive

- The solution of differential equation

; dy) : 2 b1
2ysinx | £ =2sin xcos x — Ccos =— y=1ij
y (dx y x at x 2,y 1is

(@) y? =sinx (b) y=sin?x

(©) y? =cosx+1 (d) None of these

. An experiment succeeds twice as often as it fails, Then,

the probability that in the next 4 trials there will be atleast 2
successes, is
1 8 5
a) — ) = —
()9 ..‘()9 (C)Q &

© | N

- The value of sin{3sin~" 0.8)}is

(@) sin () (b) sin (1.88)
(c) —sin(0.:88) (d) None of these.

- Forn e N,10"2 > g1, jf

(@ n>s5 (b) n>5 (©) n<5 d n>8
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10. The two consecutive terms in the expansion of (3+ 2x)™*
whose coefficients are equal, are
@ 11,12 (b) 7,8
(c) 30, 31 (d) None of these

11. A parabola is drawn with its focus at (8, 4) and vertex at the
focus of the parabola y? —12x - 4y + 4=0. The equation
of the parabola is
@ y* -8x—6y+25=0
(©) x¥* —6x—-8y+25=0

(b) y? —6x+8y-26=0
(d) x° +6x—8y—25=0

12. if p, p’ denote the lengths of the perpendiculars from the

focus and the centre of an ellipse with semi- major axis of
length a respectively on a tangent to the ellipse and r
denotes the focal distance of the point, then

(@) ap’=m+ 1 (b) o= ap’

(©) ap=rp’ + = (d) ap=rp’

V3
13. A variable plane at a constant distances P, from origin cuts

axes at A B and C, then the locus of centroid of tetrahedron
OABC is

1 1 1 16 1 1 1 i
(E) —=ap e e o)) = e e
)x2 WA [ ()x2 a2 2
e el s O (d) None of these
X2 y2 22 P2

14. The equgtion Sf the locus of the pole with respect to the

? =1, of any tangent line to the auxiliary circle

2 2

: X
ellipse — +
a

is the curve % + % =A%, where
a
@A°=a? (B)A=L ©@r%=b2 (@ r=—
a b
— 3 —
15. The solution set for L :?XM 2)2);)5 o) <0 22.

(a) (— o, —g) U (o, ‘g‘) U (4, )

3 4
— = Ol 4
IR
(©) (—=, 0 U@ )
(d) None of the above
16. A parallelogram is constructed on the vectors a = 3a. - B,

b =0+ 3B, if|a|=|B|=2and angle between o and B is %

then length of a diagonal of the parallelogram is

(@ 45 (b) 43 24,
() 417 (d) None of these
17. f(x)=x—-cot™ x—log (x+ 1+ x?)is increasing in
(@) (o2, <) (b) (==, 2)
() 29 (d) (=e, 10)

19.

20.

21.

23.

Day 39 Mock Test 2 i .

18. The contrapositive of the statement, ‘if x is a prime number

and x divides ab, then x divides a or x divides b'. Can be
symbolically represented using logical connectives, on
appropriately defined statements p, g, r and s as
appropriately defined statements p, g, r and s as

@) (~rv~s)=(~par—q)

©) (ras)=(~par~q)

© (~rA~8)=(~pv~q)

@ (rvs)-= (~pv~q)

If [.]denotes the greatest integer less than or equal to the
real number under consideration and —1<x<0; 0<y <1

and 1<z<2 then the value of the determinant
xI+1 [yl  [2]

[x] l+1 [2] |is

[t S U

(@ [ () [y]

(0 [2] (d) None of these

Area of a triangle with vertices (a, b), (x4, 1) and (Xs, V),

where a, x; and x, are in GP with common ratio r and b, y4
and y, are in GP with common ratio s, is given by

(@) %ab(r—1)(s—1)(s—r) (b) %ab(r+1)(s+1)(s—r)

(c) ab(r=1)(s=1)(s=r) (d) None of these

The equation of perpendicular bisectors of sides AB and
AC of aAABC are x — y + 5=0and x +2y = 0, respectively.
If the coordinates of vertex A are (1, —2), then equation of
BCis
(@) 14x+ 238y — 40=0
(c) 28x + 14y —40=0
1 sin® 1
Let A=|—sin® 1 sin® |, where 0 <0 <27,
-1 -sin® 1

(b) 14x-23y + 40=0
(d) 283x —23y + 40=10

Then, the range of | A| is
(@ o
(© [2 4]

(b) {2, 4}
(d) None of these

If | z—25i| <15, then |max amp (z) —min amp ()| is equal
to

(@) cos™ (-g)

(© g L cos“’(g)

) n—2cos‘1(g)

(d) sin”* (g) —cos! (g)

If ABCD is a cyclic quadrilateral such that 12 tan A-5=0

and 5cos B+ 3=0, then the quadratic equation whose
roots arecos C and tan D is

(@) 39x2 + 88x + 48=0
(c) 39x° — 88x + 48 =0

(b) 39x2 —16x - 48 =0
(d) None of the above

NWW.N0VADJ
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25. A mirror anda source of light are situated at the origin O and

26

27,

Directions Q. Nos. 28 to 30)
two statements &

B

a point on OX, respectively. A ray of light from the source
strikes the mirror and is reflected. If the DR's of the normal to
the plane of mirror are 1, =11, then DC's for the reflected

ray are
18 9 122

{21 [ e D)l B
888 ® 333

o 1

) =2, ~%,-2 )
3 3 3 3 are

n locks and 'n’ corresponding keys are available. But the
actual combination is not Know. The maximum numbers of
trials that are needed to assign the key to their
corresponding locks are
@ "C,

(c) n!

(b) I7C3
(d) n+IC2

cos® x

1—sin x

(b) V2 cos (g + x)

e
The value of the expression SN X

is/are
1+ cos x

(@) 2 cos (% = xj

(©) 2 sin [i‘_ 15 x) (d) None of these

Each of these questions contains
Statement | (Assertion) and Statement ||

(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (©) and (d) given below.

1. (@) Let/:j xlog (1+ *)dx

28.

29°

30.

JEE Main Mathematics in Just 40 Days

(@) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement |,

(b) Statement | is true, Statement Il is true; Statement Il is not
a correct explanation for Statement |

(c) Statement | is true; Statement Il is false,

(d) Statement | is false; Statement Il is true.

Consider matrix [Al3x 3 is defind as a; = /—:—2//

Statement | The matrix A cannot be expressed as a sum

of symmetric and skew-symmetric matrix.

Statement Il Matrix A

skew-symmetric matrix.

is neither symmetric nor

Suppose , f(x) = xsin x—%sin2 X, X € (O, g)

Statement | Range of f(x)is (O, HT_U

Statement Il Range of f(x)is not determined.

Statement | If both roots of the equation 4x2 —2x + = 0,

a e Rlies in the interval (-1, 1), then -2 <a < %

Statement Il If f(x) = 4x? —2x + a, then D > 0, f(~1)> 0 and

f(1)>O:>—2<aS%.

Answer with Solutions

1
X

I X2 ;(-l)dx
(i

X
1 1 X
S = ax
x)+2-[(1+x)
1 1 1
e 2l 2 ke = ——dX)
Iog( +X [J
09

) o 1+ x
(X+1)+1 x—log(1+ x)+ C
2

log (1 +

1l

X

2 2
2 S A e e S
=fog(1+x>[? 1] iy

2 logx 2
f(x)=[i‘2__-1J.g(X)=——2— o E% 3

: /6 . n/2 ¢
2. (@) Let/:j:[zsinx]dx=j0 Rsinxjd+ [ * [2sinx] o

s7/6 . .
+_|'n/2 [2smx]dx+J'Wh[2smx]dx

3.

4.

/
=0+j"/21dx+f" ®Jox+0
/6 /2

/2

5m/6
= [XI%6 i

+ [X272

2 <
(@) Given that, f(x)= {2 th  b#0x<1
bx® + ax+c, x> 1
2 ax,

’ b#0 x<1
f'(x)=
2bx+a, x>1

=

Since, f(x)is continuous at x = 1,
lim f(x)= lim f(x)
X—1~ x->1*

E atb=b+a+c = ¢c=0

Also, f(x)is differentiable at x = 1.

(LHDat x = 1)= (RHD at x = 1)

2a=2p(+a = a=2h
1

=>

(@) Given that, J'f(x)sin XCOS X dx = 7S|og [f(x)]+C

2(6°~a
On differentiating both sides, we get
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f(x)sin xcos x = —{ logff(x )] + C}

2(b* -a%)
— f(x)sinxcosx = E;_—az—). f_:X_)f’(x)
= 2(b® - a®)sinxcosx = )
[f(F

On integrating both sides, we get
—b2o0s? X — a2si X = — ——
f()

1

s e T
acsin® x + b“cos® x

5. (@) Since, (1, 1), (2, 2), (3, 8) e R, therefore R is reflexive.

Again, (1, 2) € R, but (2, 1) & R, therefore R is not symmetric.

Now, (1,2), (2 3) eR
= (1, 8) e R, so R is transitive.

6. (a) Given, equation can be rewritten as

dy+ y2cot X = 2COS X
Put yz = v=>2y<y:d_v
& ax  ax
9 4 vcotx =2cosx
ax
COSX
IF=e'sinx  =g°9"* =sinx

Solution is vsinx = _[2005 xsinxdx+ C

= y2sinx = sin? x+C

T
when x=—, y=1

5 B/

1=1+C=C =0
y? =sinx
7. (b) Given, p=2qg

p+g=1 = p=2 and g =

3

w|—

~.Required probability

2 2 3 1 4
2 1 4 2 1 4 2
- 2)(3) + () (G) - )
2(3) 3 S\3 )z ‘2
4 4><8+1><16=Z§=_8_

= —t —
£ 81 81 81 el S

8. (b) sin{3sin”'(08)} = sin{3(0.8) (08)%}
= sin(2.4— 0512) = sin(1.88)

9. (b) LetP(n):10""% 2 81n
Forn=4,10° 2 81x 4

Forn=510% 2 81x5

Hence, by mathematical induction for n = 5the proposition is
true.

Day 39 mMockTest2 - . G 2

10. () General term of (3 + 2x)™
7}+1 74C ( )74—/21')(!

Let two consecutive terms are T,..,th and T, oth terms.

According to the question,

Coefficient of T, = Coefficient of ;.o

— 74Cr 374—r2r = 74Cr+1374—(r+1)2r +1

= 74Cr+1 =§
74Cr 2
74—r 8

s ==
r+1 2

= 148 —2r=3r+ 3

S =129
Hence, two consecutive terms are 30 and 31.
11. (¢) Given, equation can be rewritten as
(y—2)* =12x

Here, vertex and focus are (0, 2) and (3, 2).
. Vertex of the required parabola is (3, 2) and focus is (3, 4).
The axis of symmetry is x = 3and latusrectum = 4:2—8
Hence, required equation is

(x—3F =8(y-2)
= x° —6x—8y+25=0

2 2
12. (d) Tangent to the ellipse 52— + # =1at (acos 6, bsin 6)is
a

Xoos0+ Lsing=1 ()
a b

= perpendicular distance from focus (ae, 0)to the line (i)

';cose+ 00— '
1—ecos6

- 0
\Fos 0, sin®®@  |cos®6 i sin@
as b? as b2

Also, p'= perpendicular distance from centre (0, 0) to the line (i)

= L. (i

cos?0 . sin’@ ()

at b?
Again, r=SP = a(l —ecosb)
a - aeco
ap = __2—6_36_ = rp’

cos®6 sin®@

a2 b2

13. (a) Let the centroid of tetrahedron OABC is (d.B,y) such that
_0+a+0+0 o 0+0+b+0 0+ 0+ 0+c
= B= Y=
4 4 4
= a=4a,b=4p,c=4y
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16. (b)

So, distance of plane from origin is P,

On putting the values of a, b and ¢, then
1 1 1 1

+
160°  16p2

)

oy 77
Hence, the locus of centroid is

_1‘+i+ 16

1
%2 yz 72 E

14. (b) The equation of the auxiliary circle is x2 + 2 = g2

Let (h, k) be the pole, then equation of the polar of (h, k) with
respect to the given ellipse is
Ky

A 1
82 b2

Since, this is tangent to the circle.

[0+ 01|
IR At
(a‘é) (zﬂ)
HEye
v &b
Hence, locus of (h, k)is
2
i
G D 2

15. (d) Given inequality can be rewritten as

@x+3Ex=4°(x=4) , o

(x—272x°
= @2x+ 3)(8x—4)° (x—4) (x -2 x° > 0,x% 0,2
x=—§, f,4,2,0
2853
ek Ay * == Il D & } s
312 (0 S 4

In a sign scheme when we multiply the sign in each interval,
we get the positive interval.

3 4J
—o0, =2 [ U(0, = [U[4, o)
(oo, 2]u( - [
~AC=a+b
D
a+!'1_,--""'
AL =

= |AC[*=|a|? + |b[* + 2a-b

JEE Main Mathematics i Jju.s 40 Days

= |AC %= {|80, - BI? +]o+ 382+ 2(30 - B)(o+ 3B)}
=90 + B2 - 0P + o2 + 9B% + 6B
+60° - 682 + 160

= |AC|? = 1602 +4B% + 16a.B
= IACJZ=64+16+16I0LHBlcos§
= fAc12=64+16+16x2x2x21
= |AC|=4J7

Similarly,  |BD| =|a-b|= 443

17. (a) Given that,

f(X)=x=cot™ x—log (x+4/1+ x2)

On differentiating w.r.t. x, we get

]
e (x+wl1+x )[
1

1+ x2 w/1+x
2 D
1+X+¢>O,Vxel-?

TO0=1=

)

=1+

=
1+ X
2 / 2
= M>QVXER

1+ x°

So, f(x)is an increasing function in (—e0,00).
18. (¢) Let p= xis a prime number

g = xdivides ab

r = xdivides a
and s = xdivides b
The given statement becomes in logical form

PAQ = rvs
Its contrapositive is
~(rvs)> ~(paq)

= (~rA~s)—>(~pv~q)

19. (0 Since, 1< x < 0,then [X]=—1
Also, 0< y < 1,[y]=0
and1<z<2[z]=1
Therefore, given determinant becomes
@ © i
A=|-1 1 1 =1=[z]
=il @ 2

20. (a) Since, a, x, and X, are in GP with common ratio 7.
X =ar,x, = ar?

Also, b, y;and y, are in GP with common ratios.
. V= bs, Vo = sz
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The area of triangle is given by
’ a b1 Hence, equation of BC is y—6= 1? (X+7)
= E X Y 1 _5_ a7
Yo
14
= —B=——(x+7)
y 23(
bs

— 14x+23y—40=0
bs?® 4

1 sind 1
22. (c) Since,|Al=|-sin6 1  sin6
-1 -sin® 1
= |A| =2(1 + sin®6)
Now, 0<sin?6 <1, forall®e[0,2mr]

= 2 <2 +2sin?0< 4 , for alld e[0 2m)

=%{(s—r)(1-r2)—<1-r)<s2 —2) o e A 2 4l

=§29(s —n(=n{i+r=(s+n} 23. (b) We have, y

A

(s=n@=n@-s)
(s=n)(r=1N(s-1)
21. (@) Let B(x,y) and C(x, y,) be two vertices and

P(X‘ ; 15 z__z)lies on perpendicular bisector

61
X—y+5=0 >X

x+1_n-2__¢ max amp(z) =amp(z,) and minamp(z)=amp(z)
2 2 W A5 (3
Now, amp(z)=6,=c0s | — |=COS | —
= X =y, =—13 25 5
Also, PN is perpendicular to AB.
N2 92
X —1 . |max amp(z) — minamp(2) |

A(1,-2)

amp () g-+ 6, =

Sl e 3
2 5 5]

TSl -13 -13 -1( 3
=124+ 2 _gosT'=—C0OS —|=T-2 =
282 5 5 5 . (5)

24. () - tanA=%=—tanC,cosB=— =—cosD

B W c .
(*1, ¥1) (X2, ¥2) In cyclic quadrilateral,
A+C=mB+D=mx

= y1+2=—x1+1

5 12
tanC = — = cosC=--"2=
= X + ¥ =-1 12 S 5 o

On solving Egs. (i) and (ii), we get
5 g Requi e 2
So, the coordinates of B are (=7, 6) ~.Required equation is x* — (o + B)x + afx =0

Sl 1 ' 1 2 ! XZ_(—E+£))(+(_EX£)=O
Similarly, the coordinates of C are ('E’ 3)’ B3 e

= 39x° - 16x—48=0

c:osD=g = tanD=ﬁ=g
5 3

MWW, N0VADJ O[]


http://www.novapdf.com/
http://www.novapdf.com/

524

25. (d) Letthe source of light be situated at A(a, 0, 0), where a # 0.

Let AO be the incident ray and OB be the reflected ray, ONis
the normal to the mirror ato.

Aa, 0,0) N(1, -1, 1)
B
X
/261
0(0,0,0)

ZAON = /NOB = g (say)

DR's of OA are (g, 0, 0) and so its DC’s are (1,0, 0).

, i
DC’s of ON are —, =
V3

—

V3 /3
cos® =1
2 J8
Let/, mand n, be the DC’s of the reflected ray OB.
0 1
Then, Uit iy
20089 V3
2
2 2 2
= == =lim=== ==
3 3 3
= /:-l’m:_g‘nzg
3 3 3
il 1 22
Hence, DC's of the reflected ray are —E' - L

26. (a) Firstly key will be tried for at the most (n—1) locks. Second
key will be tried at the most (7 — 2) locks and so on. Thus, the
maximum number of trials needed.

=(n-N+Nn-2)+ ...... +1
()

2
=1C,
(sin® x + cos® x)+ (cos* x — sin* x)
(1+ cosx)(1—sinx)

29. (a) Let A=

(sin® x + cos® X)+ (cos x + sinx) (cos®x + sin? x) (cos x — sin X)
b (1+ cosx)(1—sinx)
(sinx + cos x){(1 —sinx cos x)+ (cosx —sinx)}
1+ COS X —SiNXCos X

A =sin x+ cos X ()

=:/% sin(—§+ X)

Again from Eq. (i), we get

1 T
=— COS —-X)
e (4

JEE Main Mathematics i s+ 20 Days

28. (d) We have,

0
1
7

which is neither symmetric nor skew-symmetric but every matrix
can be expressed as a sum of symmetric and skew-symmetric
matrix.

29. (o) Letf(x)= xsinx—gsinzx

(X) = X Cos X + sinx — sinx cos x

= sinx(1—cos x)+ xcos x
Forx e (O, g) sinx > 0,(1-cosx)> 0,cosx > 0
’ 1
= f(x)>0,v><e(0‘§)

= f(x)is strictly increasing in (0, g)

Now, lim 7(x)=0
x=0
and lim f(x)= s
v 2

X— =
2

Range of f(x) = (O, %4)

30. (a) Letf(x)=4x*>-2x+ a
Since, both roots of f(x) = Olie in the interval (~1, 1), we can take
D2 0,f(=1)> 0and f(1) > 0
1. Consider D > 0,
(-2 -4-4-220
= a<i/4 )
2. Consider f(—1) > 0,
4(-1° -2(-1)+ a>0
= a>-6 .. (ii)
3. Consider f(1) > 0,
4(12 -2()+a > 0

= a>-2 .. (iii)
From Egs. (i), (ii) and (iii), we get
—2<as<i/4
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Da

Mock TEST3

(Based on Complete Syllabus)

Instructions

1. The testconsists of 30 questions.

treated as wrong response.
e

1. Two circles in complex plane are
@ Lllz=lil=2
C, i|z=1-2i|=4 Then,
(@) C, and C, touch each other
(b) C, and C, intersect at two distinct points
(c) C, lies withinC,
(d) C, lies within Cy

2 If_|’———“C9S2Xd><=-log|cot><+1/cot2 5=l A G,
sin x

then Ais equal to

1 o B an

1

V2 + 1—sec®x

—_— R b B T S 52
O F S fiomix|  E | i-sex

B =S

(d) None of the above
1B = Jil=siE %

’
(c) N log

3.1f m and m, are the roots oOf the equation
32+ (B+2)x+~B-1=0, then the area of the triangle
formed by the lines y = myX, y = = MpX and y=1is

1(J3+2 il B2
@ 5(73—_—1] ”z(ﬁﬂ

1(=A8+2 (d) None of these
0 377

R. Candidates will be awarded marks for correct response of each question. 1/4 (one-fourth) marks will be
deducted for indicating incorrect response of each question. No deduction from the total score will be made if
no response (s indicated foran item in the answer sheet.

3. There s only one correct response for each question. Filling up more than one response in each question will be

4. The area of the figure bounded by the straight lines
X =0, x=2and the curves y =2% y =2 x — x2, is

4 8 : 4 8 5
a) | —— + — | sq units b) | —— = = |'sq units
@ (logZ 3] 4 ) (Iogz 3) o
8 4 ; 8 4 :
) —— = = ||sE U d) | —— — = [sq units
) (IogB 3) ; & [Iogz 3) i

5. A circle is drawn to pass through the extremities of the
latusrectum of the parabola y? =8x. It is given that, this
circle also touches the directrix of the parabola. The radius
of this circle is equal to

(a) 4 (b) V21
() 3 (d) 26

6. The equation of the ellipse whose axes are coincident with
the coordinate axes and which touches the straight lines
3x -2y —-20=0and x+ 6y —20=0, is

2

(a)%+§=1 =
2

(b)i_+ﬁ=1o Y
40 10 &5 o
2 B

0 L % «‘J
40 10 P ~'
2

()X_+f_=1
10 40
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Dlrections (Q. Nos. 7 to 9) Each of these questions contains
two statements : Statement | (Assertion) and Statement |
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (0) and (d) given below.

(@) Statement | is true, Statement Il is true; Statement || is a
correct explanation for Statement |.

(b) Statement|is true, Statement Il is true; Statement || is not
a correct explanation for Statement |,

(c) Statement | is true: Statement II is false,

(@) Statement | is false; Statement Il is true.

7. The product of odd and even function is an add function.

Statement | The function f(x)= x%e =" sin| x| is an even
function.

Statement |
function.

Product of two odd functions is an even

8. Statement| Ifr.g = 0r-b=0,r-c =0 for some non-zero
vectorr, thena,b and ¢ are coplanar vectors.
Statement I Ifa, b andc are coplanar, thena + b + ¢ =0.

9. If three points are collinear, then there is no circle passing
through these points.

Statement | Number of circles passing through (1, 2), (4, 8)
and (0, 0) is one.
Statement Il Every triangle has one circumcircle.

10. If two distinct chords, drawn from the point (p,q) on the
circle x2 + y? = PX+qy, (Where pg # 0) are bisected by the

Xx-axis, then
@ p?=q? (b) p* =8q2
(c) p* <8g® (@) p*>8q°

11.If A and B are different matrices satisfying A% =82 and
A?B = B?A then
(a) det (A? + B?) must be zero
(b) det (A— B)must be zero
(c) det (A% + B?)as well as det (A— B) must be zero
(d) Atleast one of det (A® + B?)or det (A~ B) must be zero

12. A fair coin is tossed 100 times. The probability of getting
tails 1, 3, ..., 49 times is

1 )
(a) 5 (b) 2

1 il
(© : (@ :

6
2x + 3 ay i
e L = A == =S
13. If 1 (x)=sin (log x) and y f(s—zx] X

equal to
(a) 6sinlog (5)
(c) 12 sinlog (5)

(b) 5sinlog (6)
(d) 5sinlog (12)

JEE Main Mathematics in Jus+ Q) Days

14. The distance between the line

15

16.

17.

18.

19

20

r=2i-2j+ 3k + Ali—j+ 4k)
and the planer- (i + 5j+k)=5is

10 3
(@) ? (b) :'I_O

0 0
S oy

The equation of the straight line passing through the point
(4, 8) and making intercepts on the coordinate axes whose
sum is —1,is

(@) 5+X=—1and i+X=1

2 g =2 1
(b)§—§=—1and12+%/=—1
(0)5+X=1andi+z=

2 8 =2 il
(d)f—X=1andi+X=1

2838 =25

Which of the following statements is negation of the

statement “All differentiable functions are continuous”?

@ It is not true that all differentiable functions are
continuous

(b) Not all differentiable functions are continuous

(¢) There exista differentiable function which is not continuous

(d) All of the above

If x,y be reals satisfying  sin x +cos y=1 and
sin y +cos x = —1. Then, which of the following option must
be correct?

(@) sin(x+y)=0
() cos(x=y)=0

(b) cos(x+ y)=0
(@) cos2x =cos y

The value of tan {cos ™ (_—2) S
7 2

2 2 1 4
= b)i = c) — @) ==
e (®) : © " () N
A boat is being rowed away from a cliff of 150 m height. At
the top of the cliff the angle of depression of boat changes
from 60° to 45° in 2 min. Then, the speed of the boat (in
m/h) is

(@

@ 2 & S203-y
4300 4500
(©) 5 (@) 3 3+ 1)

The equation of a line of intersection of planes
4x+4y —5z=12 and 8x + 12y —13z = 32 can be written
as

X Yt A2 A X Va2
Ch 4 Bsas 4
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21. If f(x)is a function satisfying f(x + y) = f(x)f(y)for all x,y € N

n
such that f(1)=3 and 21‘()():120. then the value of n

X=1

is

(@) 4 (b) 5

(© 6 (d) None of these
]

22. If the value of the determinant|{1 b 1|is positive, then

1 i @©

(@) abc >1 (b) abc > -8

(c) abc<-8 (d) abc > -2

23. A bag contains awhite and b black balls. Two players Aand
B alternately draw a ball from the bag, replacing the pall
each time after the draw. A begins the game.

If the probability of Awinning (that is drawing a white ball) is
twice the probability of B winning (that is drawing a black
ball), then the ratio a: b is equal to

(@ 1:2 (b) 2:1

(@) 911 (d) None of these

24. Number of solutions of the equation sin x =[x}, where []
denotes the largest integer function, is

(@) 0 (b) 1
(€ 2 (d) None of these
25. If (5+246) =/ +f;n,/ eNand 0 <f <1, then/ equals to
1 1
i o)
@ 3 Rl
1 1
e g f 6)) ——= =i
et =

Answer with Solutions

1. (¢) Given equations can be rewritten as
X2 + (y—17 =22

and (it ey =
Here, centres are C; (0,1) and C; (1 2) and radii are =2,
p=4.
Now, B0, il O+ 1
25
5= =12~ 4=2
CC, <lf -l
_ .
Nt 1o PDE without this me e by purchs ovaPD

26.

27

28.

1 i)
The value of [ ———X1(+ x2) o is

2 o 22 d 71_3n

@ 0 ) =G oo

The area inside the parabola 5x2 — y =0 but outside the
parabola2x? —y + 9=01is

(a) 18V3 (b) 10V3
© 113 (d) 1243

The median of a set of 11 distinct observations is 20.5. If
each of the last 5 observations of the set is increased by 4,
then the median of the new set

(a) is increased by 2

(b) is decreased by 2

() is two times the original a median

(d) remains the same as that of the original set

3
29. Solution of the differential equation M —aliie
3
given by Ve —yay - Vx
3 y X312 4 Bl iy ve
(@) 5log (;]Hog a2 + tan (;) +c=0
aPale
(b) glog(zj+ log|An At | S Al (X)+c =0
3 X X3/2 X
3/2
(©) 2 log (Xj+ log (ﬁl)+ tan”' [ £ |+c =0
3 X X Xz
(d) None of the above
ey
30. If the function f(x) = X=X x 2 0ig
2x +tan” X

2. (a) Let

continuous at each point of its domain, them the value of 7(0)
is

(@2 i

2
(b) 3 () 3 (@) -

l
3

2

/=J cgstdx
sin

=J- cos? X —sin® x
sin® X

= Hcotz X —1ax

On putting cot x =sec 8
and —cosec? xdx=sec 6 tan 0.de, we get

,=J~ fsec? g 1 Secotand o

—cosec? x

ax

2
=_J~secetar; 0 4o
1+ sec%8
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<l J Sil’l2 (C) O'el

cos 0 + cos® 0

2 2
_J(1+cos 6)—2cos ede

cos 0 (1+ cos? @)
d(sin 6)
1+ cos? @

=—log|sec 6 + \sec? @ -1

:—Jsecede+2j

il log |Y2* J1-cos? 8 V2 + \/1-cos? o,
V2 x/_—,ﬂ—cos 6

—log|cot x + \/cotex—ﬂ

x/»+w/1—tan X
x/——wh—tan X
But /=-log|cot x+ \Jcot? x—1|+ A+ C (given)

«/‘+J1—tan X
N2 — 1= tan? x

3. (a) Since, m, and m, are the roots of the equation

e (B =0

log +C

2

A—Io
29

V7
y & = —myXx
y=myx
A |B Ve
X4 @) X
v’
m + my =— @+ /3)
and mymy = /3 -1
= my <0,m, <0
1 1
i i ions are A| —, 1 andB[——JJ
So, the point of intersection (m1 ) m
and O(0, 0).
o 4
4
vhigactAOAB=~11=1" 5 4
2 || m,
OF 0]
=i g oo
2\m,  m,
_Am+m|_1 2+«/§)
2 mm, | 251

JEE Main Mathematics in Just 40 Days

4. (d) .. Required area= J' — y,)ax

e Wiy
(0, 1)
(2,0)
X'~ o >X
y=2x—x2
X=2
v

8. (a) Extremities of the latusrectum of the parabola are (2, 4) and
2,-4).

Since, any circle drawn with any focal chord at its diameter
touches the directrix, thus equation of required circle is

(X+2)(x=2F + (y - 4)(y + 4)= 0
= X+ y2—dx-12=0
Radius = \/2)? + 12 = 4

6. (c) The general equation of the tangent to the ellipse is
Y=mx+ \Ja’m? + p2 ()
; 3 :
Since, y=§ x=10is a tangent to the ellipse, therefore its
comparing with Eq. (i), we get

m=2§ and  a®m? + b2 =109

= %” + 4b* = 400 .. (i)
Similarly, line Y= x o 1_0

6 3
is a tangent to the ellipse, therefore its comparing with Eq. (i), we
get !

m==_"_ahd a®m? + p2 = 100
g 9

= a® + 36b2 = 400 ... i)

On solving Eqs (il) and (iii), we get
a®=40 and p2 =10
Hence, required equation of the ellipse is
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7. (b) 1. Given, £(x) = x%~* sin| x|
Here, X%~ and sin| x| are even function.
II. The product of two odd functions is always an even function.

8. (b) We have, rra=0=r la

Hib=0="1"1b
and r-c=0=rlec
Since, vectors a, b and ¢ are coplanar vectors.
Also, a+tb+c=0
axb+bxc+cxa=0
= a-@xb)+a-(bxc)+a-(cxa)=0
= 0+ [@abc]+0=0
= [abec]=0
Hence, a, b and ¢ are coplanar vectors.
|2
9. (d |.Now,|4 8 1/=1(8-8)=0
0 0 1

So, it is collinear, hence no circle is passing through these
points.
II. It is a true statement.

10. (d) Let ABbe a chord of the circle through A (p,q) and M (h, 0)
be the mid-point of AB.

Therefore, the coordinates of Bare (-p + 2h, — q).

Y
ﬂx
A(p, q)
(h, 0)
1 M LX
X<5
A

Since, B lies on the circle X2 + y? = px+qy, then
(p+2h)° +(q)* = p-p+2h)+q(=q)

= 2p? +2q% —6ph+ 4h* =0
= 2h? — 3ph+ (p? +g%)=0 ()
As, there are two distinct chords ABand AC from A(p, q)which
are bisected on X-axis there must be two distinct values of A
satisfying Eq. (i), then

D= (b? - 4ac) > 0, we have

(-3p)% - 4@2)(F% +9°) >0 = p* >89°

11. (d) Since, A* =B and A°B=B°A

A% - p2B=8° - BPA
= (A2 + B?)(A-B)=0

= det(A® + B?)det(A-B)=0

(=21

1 L
12. (b) Here, p = andg =

~P(X = 1)+ P(X = 8) +...4+ P(X = 49)

100. 100
—e D& 10003(1) T '°°C49(1)
2 2 2

100
= G) (Yol 126, i e

100

100, 100 _ 099
(190, + e+ T Cg)=2
100 _ 100,
[oliffe ™ Cy =1 G
100 100 _ 100
100C97 =10 Cq ooty Csy= Cug

PRIE o e e o T = 2

13. (¢) Given that, y:f(g’ﬁﬂ]

3-2x
dy _ ,[2x+ 3) d [2x+ 3]
= = =f ==
ax 3-2x)dx|\3-2x
R lilog [2x+ 3)]{(3—2@(2) - x+ 3)(—2)J
3-2x (8-=2x)

o2 : 2x+ 3
NG Sm{log (3—2xﬂ

dy) 12 : ;
= = = sinlog (5)
(dx (=1 (8=2)

=12 sinlog (5)

14. (¢) Line is parallel to plane as
(i—j+4k)-(+5j+k)=0
General point on the line is (A +2,—A —2, 4L + 3). For A =0
point on this line is (2, 2, 3) and distance from
r-i+5+k)=5
or x+ 5y+ z=5;is
d=|2+ 5(=2)+ 3- 5|

J1+25+1

15. (d) Leta and b be.intercepts on the coordinate axes.
Given that,a + b = -1

= b=-a-1=-(a+1)

Equation of line is s
a b
X Y

= e iy .
a ai ()

Since, this line passes through the point (4, 3
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By
a a+1
= a+4=a°+a
a=12
= Equation of line from Eq. () is
5-!:1 and _X_ X:
2983 -2 1

16. (d) Al statements are correct,

21.
17. (@ On squarmg given equations, we get
sin® x+ cos? y+23m>\.cosy—1 gocl()
and cos? x + sin? y+2sinycos x = 1 ()
On adding Egs. (i) and (i), we get
2+2sin(x+ y) =
Sin(x+ y) =
18. (a) tan {cos‘1 (— E) = E} = tan {n —cos™! [gJ = E}
7 2 7 2
= tan {sin‘1 (g)}
7,
22,
19. (b) Let PQ=150m
In AAPQ), tan 60° = =0
AP
150
= AR
V3
and in ABPQ, tan45° = PQ__ A [P
AB + AP
150
AB+ — =150
e V3
150
AB= (/38—
= e ( )
AB RN150),
dlofiboati=2 =5 122 B q)s060
Speed of boa ko (
4500 /3
=——— (V3 -1m/h
— ( )
20. (b) Given equation of planes are on

4x+ 4y —5z=12
and 8x+ 12y —13z= 32
Let DR's of required line be (I, m n).
From Eqs (i) and (ii), we get

4+ 4m-5n=0
and 8/+12m-13n=0
= i:ﬂ:n

A =
25 3
Now, we take intersection point with z = Qjjs given by
4x + 4y =12 ... (iii)
and 8x+ 12y =32 ..(iv)
On solving Egs. (i) and (ii), we get the point (1,2, 0).
: e X =y =R,
. Requiredlineis 2—"= Y=< _ 2
E 3 4
(a) f(x):f(1+1+1+‘..+xtimes)
= fFAQ)....... xtimes = [f(1)]* = 3%
< N 3- gt
D H0)= 2,35 = gl L ar ol =GN
x=1 X=il 1-3
n+1
_§"'=3 ( sum=a—/r)
2 1-r
n+1
Sy
2
= 3 =243=3°
= a1l =5
n=4
& 1 1
@) LetA’=[1 p 1 =abc+2-a-pb-c>0
N e
or abc+2>a+ p+c (i)
AM > GM
a+b 4
= S e
3
dl
= a+b+c > 3(abc)? (i)

1
From Egs. () and (ii), abc + 2 3(abc)?

=

Let (ezbc:)5 X,
Then x° +2 > 3x
= x=1%(x+2)>0
X+2>0 = x>-2
= Xy
= abc > -8
¢) Here, PW)=_2 and P(B) = 5
© W) a+b © a+b
Probability of A winning
=PW)+ PW)PB)PW) + ..
a
o P(W,) at+b
04, Syt T
- P(W)P(B) PO 100
a+b a+p
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Day 40 Mock Test 3

aa+ b)
a2 + p2 4 a (say)
and probability of Bwinning

=1-p=1__2a+ab
82+b2+ab
bZ
P e
+ b + ab (say)

Given, R =2P,
a’+ab oh2

&% + b2 + ab

1’

& +b%+ab
af 4+ ab—9b2 =
(@—-b)a+2b)=0

cl=109=(0
= /0
=1k

(I

W)
o-m

AN —sinx=[x]

Graphs of y =sinxand y = [x] are as shown.

1 —0

"1?1' \X

v
Hence, two solutions are x = 0and X g
25. (d) I+ f+f =(6+2V6) +(5- 2./6)" (even integer)
=1
Now, (/ + f)f’ = (5 + 2+/6)" (5 — 2f =(1) =
—f

= (+Ha-H=1= /= f

4

s ax

26. (o) Let/=J’1 X1(1 dx—_[ X( R +x2)
+

/dx

1
=Jo(x6—4x+5x o (@i-2E)

1
1 2__1+ — dX
=_";(x6 — 4+ 5x) = 4] [X o1+ sz
i

1 3 . =i
6 X X
-5 — x+ tan J
- xsj 4[ B g
0

o
7 6
¢ 22
1 Ut
le N e e —
(7 a”) (3 e

2 _y+9=0
27. (d) Given parabolas are 5x% —y =0 and PR

i e get
Now eliminating y from above equations; we d

(-a+2b#0)

5% —@2x° + 9)=0
= 3=9 = x=+3
Given parabolas interset at (/3, 15) and (—/3, 15).

(=3, 15)

The two parabolas are x° = % e = % (y-9

Area = 2] — Yp OX

i
=2j03[(2x2 &gy xz)]dx=2jf(9— 3x?) dx
= 2[ox— 32
Area=12 /3

11+ 1

28. (d) Since, n = 11,then medianterm= [ )th term=6th term

As, last five observations are increased by 4.
Hence, the median of the 6th observations will remain

same.
29. (d) We have, \/—dx+\/—dy 3
JXdx = fdy X
d(X3/ )+d(y3/2)_ y3/2
& ) —d(?) X2
o WEV_V hereu =x¥2andv = y3/2
du-av u
= udu+uadv=vdu-vav
= udu+vav=vadu-uav
=X udu+vdv=vdu—udv
aVE e+ ve
2
= q(—i—ﬂ;—) -2d tan"‘( )+c
uc+v u

On integrating, we getlog (u? + v?) = —2tan™ (!)+c

u
3/2
1 3 8 ~1 y] (o]
= —log(x® + y°)+tan"| = ==
5 g(x” +y°) (X =
30. (b) Since, f(x)is continuous
]
tim [ 2X=sin x - 1(0)
x>0{ 2x + tan™" x
1 J 1
= P
0 1
f(0)=lim( 11X = ~/17=_
i o gl 8
e 1

rint to PDE without this mes ' '
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