Vectors

( EXERCISES

)

ELEMENTRY

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

4
AB = (6—2)i+ (—3+9)j+ (8+ 4k = 4i+6j+12k

| AB |= 16+ 36+144 =14.

(1)

1 2 3

A4 T7|=0=A=3
-3 -2 -5

(1)

a=4i+2]-4k=|a|=+16+16+4=6
b=-3+2j+12k = |b| =144+ 4+9 = /157
c=—i-4j-8k=|c|=+/64+16+1=9
Hence perimeter is 15++/157.

(4)
Since given that AC=3AB. It means that point

divides externaly. Thus AC:BC=3:2

A
a
o) “b B
3b-2a

=3b-2a

Hence OoC=
(2)

Let position vector of D is  xi+yj+zK,

thenAB = DC

= —2j—4k = (7T-X)i +(7-y)j+(7T-2)k
Hence position vector of will be .
=>x=7,y=9 z=1L

(3)

If X be the position vector of B, then adividesAB in
theratio 2 : 3.

o 2x + 3(a + 2b)
2+3

5a-3a-6b=2x = x=a-3b.

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

4
AB=-2],Here BC=(a-1)i +(b+1)]j+ck
The points are collinear, then  AB = k (BC)

—2j=K(a-Di+(b+1]+ck}

Oncomparing, k(a-2) =0, k(b+1)=-2, kc=0 .
Hence ¢=0, a=1 andbisarbitrary scalar.

(1)
Let a:xf+y]+zl2 .

Then (ai)i +(a))j+(@k)k=a

(4)

Let r:xf+y]+zR.

Since ri=rj=rk =>x=y=2z..()

AlSO |1 x? +y? +22 =3=x =+3 , {By (i)}
Hence the required vector r=+/3(i + ] +K).

Trick : Asthevector ++/3(i +j+k) satisfiesboththe
conditions.

(4)
Parallel vector = (2+ b)i + 6] — 2k
_ (2+b)i+6j—2k

Unit vector = 7 1 4t 44

According to the condition, 1= (2+b)+6-2

vb? +4b+ 44

=b?+4b+44=b*+12b+36 =>8b=8=b=1.
(1)

(a+b+c)?=0

= |al? +|b|? +|c|? +2ab+2bc+2ca=0

= 9+1+16+2(ab+bc+ca)=0
26

= ab+ b.c+c.a:—7:—13.
(2)
s D+ W(D+24 12 6
Jo+1+4at+a+16 14424 1446
\/§ . 2 2
=00 =—==sn0=— —qgn1l £
\/7 \/7 = 0=sn (ﬁj



Vectors

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

(2)
(a+2b).(5a—4b) =0
or 5%+ 6a.b—8b%=0

or 6a.b=3, (va2=1b%=1)

1
.'.a.b=l or |a||b|cosb==
2 2

-.cosf = 1, .0 =60°

2
(3
ab=(2-4-0)=0=>A1=-2.

(1)

Projection of xi—j+k on 2 —j+5k
(xf—]+R)(2f—]+5R) 2X+1+5
S

2X+6 1

But, given W = E

= 2x+6=1:>X=7

1)
a=i+]-3k b=-2i+2j+2k
i k|
axb=|1 -3=8+4j+4k
-2 2

N B —o

2i+j+k
6

+

Hence unit vector =+

(2
o 2 ~ 2
. i ik
laxi|*= a a, a3

i 6 (Since a= alf+a2]+a3I2)

6 D12 a2, A2
=lagj-axk|"=a3+a;

Similarly, |ax j[P=aZ +a3 and |axk = a? + a3
Hence the required result can be given as

2(a12+a%+a§)=2|a|2.

(3)
We know that (ax b)? + (a.b)? =|a|*|b|?

- 144=16|b|?=|b}= 3.

()
(axb)? =(|a||b|sine)?

2
~ (4.25in30°)2 :[8.%) —42 =16

Q.20

Q.21

Q.22

Q.23

Q.24

(2)
If angle between b and cisa and |bx c|= 415

bl lclsina = 15
V15

sno=—;
4

coso = —

b-2c = ra=|b-2c]?=3?|al?
Ib|? +4|c|? -4.b.c=22 |a]?

16+ 4—4|b||c|cosa} = 1?

l6+4—4><4><1><% =2 =2 %2=16=>A=44

(3)
ik N
a=Lraxbel|ls 2 —1f| =16 -4+ 70)
2 27 3 11| 2

A =%\/25+16+4 :%\/9_:2\/5.

(3)
a(bxc)=0 or (axh)c=0.

(1)

Leta=3-2j-k, b=2+3j-4k, c=—i+]+2k
and d = 4i + 5]+ k.

Since the points are coplanar,

So, [dbc] +[dca] +[dab] =[abc]

4 5 A 4 5 Al |4 5 A
=|2 3 -4+-1 1 2|+|13 -2 -1

-1 1 2 3 -2 - 2 3 -4

3 -2 -1
=2 3 -

-1 1 2
:40+5X+37—X+94+13X:ZS:X:%.
(4)

Volume of cube =[abc]
12 4 3 12 1 1
=8 -12 -9|=12/8 -3 -3|=36%9.
33 -4 -24 33 -1 -8



Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

(2)
i.(]xIZ)+].(I2><f)+|2.(fx])=f.f+].]+l2.l2:3.

(2)
Vectors i+3j—2k; 2i — j+ 4k and 3i+2j+xk. We

know that as the vectors are coplanar, therefore Q.32

13-2

2-14|=0

32X

= 1(—x-8)-3(2x-12)-2(4+3)=0

= -X-8-6x+36-14=0 = 7x=14 =>Xx=2

(1)

[axbbxccxal =(axb).[(bxc)x(cxa)]
=(axb).([bcalc—-[bcc]a) = (axb).([bcalc-0)
=[bca][abc] =[abc][abc] = 4.4 =16.

(3)

Let four points A,B,C,D represent the given points
S0, AB =—i—j+4k, BC=2i + 2] -5k,

CD=-2 - (A +4)j+3k

From the condition, [,H?; BC ﬁ] =0

-1 -1 4
|2 2  -5/=0
-2 —(A+4) 3

=

-12.3-5(A+4)]+16-10] +4-2(L+4)+4] =0
=>A=-2

(1)
bxc is a vector perpendicular to b.c
Therefore,ax (bx C) is a vector again in plane of
b,c.

®3)

Let a=Xi+Yyj+2zk
ix(@axi)+jx(axj)+kx(@xk)

= (i)a-i(ai)+(jj)a-j@j) + (kk)a—k(ak)
=3a—-a="72a

Vectors

(1)
(axb)xc=(a.c)b—(b.c)a

=(3+2+4) (2 +]j-K) —(2-2-2)(3i — j+ 2k)
=18i +9j— 9K + 6i — 2]+ 4k = 24i +7]—5k

(1)
i ]k
AxB=[1 -2 -3|=i(2+3)-j(-1+6)+k(1+4)
2 1 -1
=5i —5]+5K
S T T
Now (AxB)xC=|5 -5 5
1 3 -2

=1(10-15) - j(-10-5) + k(15+5)

=51 +15]+ 20K = 5(-i + 3] + 4K)

(4)
Required distance

|d—an| [5- (20— 2j+3K).(+5]+K)|
RELEE A+ 25+1 |
|5-(2-10+3)] 10
Nz ] e

(1)

Let the equation of planeis
ax+1D)+b(y+2)+c(z-0)=0 .....(>i)
Asit passes through (2, 3, 5)

S0, 3a+5b+5¢c=0 (i)
also, 2a+5bh-c=0 (1)
a b ¢
" -5-25 10+3 15-10
a b c
“ T3 B3 s

Hence equation of planeis, —30x+13y+5z=4
or r.(-30i +13j+5K) =4

(2)

Thelineof intersection of the planes r.(i — 3]+ k) =1
and r.(2i + 5] — 3k) = 2 isperpendicular to each of the
normal vectors n, =i —3j+k and n, = 2i +5]-3k
- Itisparalel to the vector

n, xn, = (i —3j+K) x (2 +5) - 3K)



Vectors

Q.36

Q.37

Q.38

Q.39

= 4i+5j+11k

Il
N =
|
g w =
w P

(2
Hered=8and n=2i + j+2Kk)
n _2i+j+2k 2 1, 2,

s —=———==i+>j+=k
. In] J4+1+4 3 SJ 3

Hence, the required equation of the plane is
2: 1, 2|2 -8 PR A
r. §|+§J+§ =%orr(2i+j+2k)=24.

(3)
Thegivenlinesare r = a; + Aby,r =a, +pubsy
where a, =3I —2j -2k, b, =i
a,=i-j+2k b,=]
Ib,xb, |=]ix]|=|kF1
Now, [(az —ay) by bp] = (a2 —ay).(by x by)
= (-2 +]+4k)(k) = 4
.. Shortest distance

_[(ap—a)(b—by)] 4 _
|byx by | 1

(2
The equation of a plane parallel to the plane

r.(4i -12j—3k)-7=0is r.(4i —12]-3k) + 1 =0
This passes through 2i — | — 4k

Therefore, (2i — j— 4K).(41 —12]—3k) +1 =0

= 8+12+12+4=0=> 1 =-32

So, the required planeis r.(4i 12— 3k)—32=0
(1)

The vector equation of a plane through the line of
intersection of the planes r.(i+3j-k)=0 and
r.(j+ 2k) = 0 can be written as
(r.(i+3j— k) +A(r.(j+ 2k)) = 0 .....(0)

This passes through 2i +j—k

S (2+]-K).0+3]-K) + (20 +]-K).(j+2K) =0
or (2+3+)+A(0+1-2)=0=A=6

Put the value of A in (i) we get

r.(i +9j+11k) = 0 which isthe required plane.

Q.40 (2
The equation of a line passing through the points
A@—]+2k) and B(3i +]+k) is
r=(f—]+2l2)+k(3f+]+l2)
The position vector of any point Pwhichisa
variable point on thelineg, is
(f—]+2l2)+k(3f+]+l2)
AP=(3i +]+Kk) =| AP AV/11
Now, if 1 \11=311 i.e, % =3 then the position
vector of the point P is 10i + 2]+ 5k .
If Av11=-3V11, i.e, A = —3 then the position
vector of the point Pis —8 — 4]k .
JEE-MAIN
OBJECTIVE QUESTIONS
Q1 (2
Clearly triangle is not possibleasv, +v, +v,# 0
V3
vy
vy
Since V3 =V, +V,
Hence v,, v,, V5 are coplaner
Q2 (3
These forces can be written in terms of vector as
° k ~ k ~ o k A k ~
Ki, —=i+—=1, Kj and B S L
J2. 2 V2 2 :
k
K k
M
/4 K
Resultant = ki + (k ++/2K)]
magnitude = \k? + (k + V2 k)% = ky/4+2y2
Q3 (2

Before rotation a = 2pi +

after rotation a=(p+1)i'+ ]
Since length of vector remains unaltered

Jap2 +1 = J(p+1)2 +1




Q.4

Q.5

Q.6

Q.7

= 4pP=(p+1)? = p+l=+ 2p

1
= p=1 or 3

(3)

a=(2v/2,-14) |b|=10 08

(ox]

=)a
IbP=2%|af

100 =22 (8 + 1 + 16)
W=4 = h=12

2a+b=0

(4)

AB =67 -10] +3k
AD =27 -5]1 -2k
A 9
AB. AD =0 Q

SO not a sguare or rectangle ‘A_B‘ * ‘E‘ S0 not a

rhombus.
(3
AB =(3,0,4)

.10
AC =(5.-2,4) Q

Q.11

Let A beorigin.

D isthe mid

point of BC Q.12
D4, -1, 4)

Hj = (41 _l! 4)

|AD |=/16 +1+16 = /33
(4)

A(1,1,2)

Q.13

Faan M C(23,5)

AB=49+4+1=414
AC=41+4+9 =414

M=(3,3,3)
AM = 27+2]+I2

(4)

a(b+c)=0 ()
b.(C+a)=0 (i)
c.(a+b) =0 ...(ii)

Addall equation 3p +b.¢ +c.a=0

|a+b+E| = laP +|b +[c[ +0
= J9+16+25 = 52

(4)
A2 -1-D, g =(1-3-5),

c =(@-3-1

Vectors

(@a-1)(@=2)=0=a=1and2

(1)

IE]_ = (41 1, _3) IEZ = (3| 1, _1)

ds =(5,4,1)-(1,2,3)=(4,2,-2)

work done = F,.d§ +F,.d$ =24+ 16 =40

()
|a-bl=8 = [P+ |bP - 23 =64

|a+b[=10 = [ + |bP + 23 =100 ..(ii)

Add (i) and (ii) equation
2laP + 2|bf = 164
IbP = 82 - 25

bl= /57

(1)
Diagonalsare 3 +p =(3,0,0)

and 5_p =(L 22



Vectors

Q.14

Q.15

Q.16

ino= = = sinE)—1
|u||v|sm9—6— 6

As 0 is acute angle than only one value possible

(2
G=a-b.v=a+b.|alFbl=2
|UxV]| =|(@-b)x(@+b)]

= |(@-b)x(@+b)|

=2|axb I=2]al|b|sin®

aPbf @by .
=2|a||b|J' Ao =2 ie- @by

(2)

Q.17

Q.18

Q.19

Q.20

1 — —
Areaof AAB,C, = - | ABxAC, |

1 - .
AreaofAABC=E|b><C|

Retio = Area of AAB,C, 25
0= ~Area of AABC 64

(3)

Given
(@a-d)-(b-¢)=(b—d).(-a)=0

= DA.CB=0 & DB.AC=0

A(a)

(d)1p

B c(c)
(b)
AD L BC&BD _LAC
Hence D is orthocentre.

(2)

A vector normal to planeis (& —b)x (¢ —b)

= éxé—ngB—BxE:—(éx6+6x6+6><5)
(Axb+bxC+Cxa)
|é><5+5><5+5><5|

unit vector = +

(1)
|€,-€,12<1= &°+é,°-28,.8,<1
= 1 +1-2c0s(20)<1

1
= 2c0820>1 = c0529>§

Y Y
20 e {0, 5] = 96[0' Ej

(4)

11
a=@x73 cose=ﬂ
b =(4,4x-22)

0 ab b|=2]|a
cos0= 7=, =2]a
11 4+ x(4x-2)+6 =2 andx = 20
12 - 2|ap =>x=2andx=-"-".



Q.21

Q.22

Q.23

Q.24

(2)

4d=(211,5=(L50),¢ =(44-2 Q25
d=3a-2b
=3(-2,1,1) - 2(1, 5, 0)
= (-6, 3,3) —2(2, 10, 0) = (-8, -7, 3)
Projection = | d|cos#
_1d| d¢ _dé -31-28-6 -66 _
|d||&] ~|c|] ~ <16+16+4 6 0.26
11.
1)
a,=ACxAB = (C-3) x (b-a)
4, =DBxDC =bx¢ Q.27
400
A3) B(b) Q.28
agzﬁfxD—A = Cxa
a‘1=EA>><D—B> :aXB
(4)
ab=0 =x-y+2=0 ..(1
ac=4 =>x+2y=4 (2
=>x=0, y=2
Hence a=2j+2k
Q.29
0 2 2
@bcl=|1 -1 1|=8=]af
1 2 0
(4)
a=111) b =111
6 _(21 _31 0) Q30

v = ax(bxc) = (af)b—(ab)e =(-7,8,-1)

_(-7.8-1)
V114

<l

3 oA
Reqd. Vector = ﬁ (-7i+8j-k)

Vectors

(D)

_ 1.~ =
(éxb)x§=§|b||c|a

~ - 1,-..-, -
(é.E)b—(b.é)é=§|b||C|a
1 22
cos 0 = 3:>sm9—T

(4)
ax(2bxE)=b = 2|(@&)b - (3.6)c]=b

=ac= & a.b=0

N | =

(1)

all (bxc) = a = L(bx¢)

o (BXB)-(ExE) = aa ad laa o
" b.a b |0 Db.E

=|al? (b.c)

(3)

[(A+2b-¢), (a-b), (@a-b-7)]
(3+2b-¢).[(a—Db)x (@—b—C7)]
(a+2b-3). [(b—3)xc]
(3+20-¢) . [bxa-axd]

=[@ b ¢]-0+0+2[@ b ¢ -0+0

c]

T

3a
(3)

f.(a+b+c)=0

= /abcl+mabcl+nabcl=0
or (/{+m+n)[abc] =0

or /+m+n=0

(3
Volume of Tetrahedron
Area of Face ABC

Altitude from D =

[AD AC AB]

1 — — =u
5| ABXAC]



Vectors

Q.31

Q.32

Q.33

Q.34

Q.35

(1
Vog=[a b €]

V. =[a+b b+c ¢+a]

T 3
ﬂ\ox%\ """ E)
>

A

sOo m=2

(3)

a.a ab ac

b.a bb bc|=[abcP =4=16

¢a ¢b ¢¢

(3)

'Béa]<o

2 2x 1

1 0 1(<0

X 12 -1

20-12) —-2x(-1-x)+1(12) <0
or —24+2x+2x2+12<0

= X2+x-6<0

=>xe (-3 2

(3)

3, b, ¢ are non-coplaner = [é b 6] #0

1

a+2b+3C AD+4C (zx—l)a]

= (@+2b+3¢) - [(Mb+4E)x (21 —1)C]
=1 (2r-1) (a+2b+3c) . (bxc)
=n@-n[d b ¢]

(2)

[0 Vv W] =0

U+vV-w) . [(G-v) > (v-w)]
U+p) . [(G-V) xp]
(U+p).[Uxp—Vxp]

= =0 . (Vxp) == 0 - (Vx(V-w))

Q.36

Q.37

Q.38

Q.39

aa ab ac
Given ¢a-=0 & ¢b=0 = ba bb bc
¢a cb &g
lal? lallblcosZ 0
6
= |a||b|cosg |b 2 0
0 0 lc|?

= |cP [ [af + [of — [aP Iblzcoszg]
131
= Icl laf bl | =~ = cF [af bl

1
= (a7 +aj+a3) (bf + b + b3)

(3)
a.a ab ac
[abc]®> = |ba bb be
ca cb cc

1 cosO coso
= |coso 1 coso
cosO coso 1

m m+1 m+8
m+3 m+4 m+5
m+6 m+7 m+8



Q.40

Q.41

Q.42

R,»R,—R,
R,—R,—R,

3 3 -3
=3 3 -3

m+6 m+7 m+8

1 1 -1
—9|l 1 1 1
m+6 m+7 m+8

=-9[m+ 8 —m -7 ]-1m+8-m- 6] —1[m+7-m-6]

(3)

a=i+] b=2i-k
rxa=bxa - )
fxb=axb . (if)
Add (i) & (ii)

Fx(@xb)=0 = F=(@+b) =(3,1,-1)

(3)

); —

>X

0

OA x OB = afixed vector

= |OAx OB | = const. number

= AOAB = const.
= Bisontheline|| to base OA

(3)

Let Disof conline

AC= (1) +(-2)% + (1)2
AD = proj. of AConAD

_1(6) +(=2)(-3) +1(2)
- 7

AD=2
So shortest distance (CD)? = (AC)? —
=6-4=2

CD= 2.

(AD)?

Q.43

Q.44

Q.45

Q.46

Vectors

(3)

P =(2-23) + (1 -1, 4)
F.(1,51) =5

(2,-2,3)

Ed e

N
(0,1,0)

Lp=1-5+4=0
So line and plane

are parallel.
Let apoint on the plane (0, 1, 0)
distance=|b|cos6

] ab ab [2-15+3] 10
“PHae TTal T V2T 1T
(2)

Equation of Altitude or planeis
F = i-2i+ 2k + A(20 + 39)
Let a point of line

=1+20
y=—2+3)
z=2-2\

Put there point in the of plane

(L+20)7 +(=2+31)] +(2-20)k)
(2?+ 33—
andfind |
Put the value of | and get two point

Be cause Intersection point is nidpoint of Requred
point and given point

212) +312=0

(1)
(2i +]+2K).(3 —2j—mk) =0
=6-2-2m=00orm=2

D
i
Normal Vector i={2 3 -1 = 5(i—j—Kk)
1 -1 2

Let A = ai +Bj+ K - If 0 isthe angle between vector
A and plane then 90 — 6 will be the angle between
normal and plane

S50 —-5B -5y

5\/§\/(12 +B2+v2

cos (90 —-0) =



Vectors

Q.47

Q.48

Q.49

Q.50

10

(a-B-y)°

0= ——5— > "5 =B +7)].
sin 32+ p2 1) = Pr=a(B+y)
Q.1
(2)
[axB,Bxé,Exq]:[étﬁ)E]ZiO
[a+b,b+C C+a]=2(ab¢c]#0
(1) ) o Q.2
We have al b = &ab,axb are linearly
independent.
Vv can be expressed uniquely in terms of 5.,5 and
axb
v = xa+yb+z(axb)
Givena-b=0,V-a =0,v-b=1[va b] =1
V-a=xa"=0 = x=0
V-b=xa-b+yb?+z(b)-@xb) =1
2 y !
b2 =1 ==
y = bZ
V-(axb) = x.0+y.0+z|axb? =1
1
z= —
|a><b|2
1 1 . =
v:*2b+~ qz(aXb)
|b]”  |axb]
(2)
A.X=C
AxX=B
take cross with A
Ax(AxX) = AxB
. CA-AxB Q3
X ="
[A]
(3)
AB=AC ad AxB=AxC
AxB=AxC

Ax(AxB)=Ax(AxC)
(AB)A-|APB=(AxC)A-|A]2C

B=C

JEE-ADVANCED
OBJECTIVE QUESTIONS

©)
b=A(2v21i-]+4k); |b|=10
= |1|V/8+1+16 =10

= b=+23

=A=x2

(©)

G= (i++3))

Let Position vector of P is p
GP|| k

then p — (i++/3]) = 1k

= p=i+43] + 2k

also‘ai‘:?)

= yJ1+3+22 =3

=>M=5

=>A=2%,5

=>p= i+J§iiJ§|2

For positive Z-axis p=1++/3 ] +4/5 k
So AP =p-2i =-i+/3j+/5k

(©)

Position vector of M =

w| o

Position vector of N = (- + 2b)

. equation of lineBCis F =b+A(b—C)

. equation of lineAB isis F =0+ pb



Q.4

Q.5

A(0)

= C(c)
N B(b)
(—c +2b)

.. equation of line MN is r :%+t(%—2j

1 4
>u=-2t 0= §+§t

1
which givespu = — = Position vector of X is g

2
(D)
a.(b+¢)=0, b.(C+a)=0
c.(a+b)=0

b.c+ba=0, c.a+chb=0

= \/52 +b? +¢% +2(ab+b.c +¢.a)

= J9+16+25 = /50
(B)

Let AB =+/3(axb)
AC=b-(a.b)a

AB.AC =0
|AB|=+/3|4a||blsine=+3|b|sin®
| AC |2 =b? + (4. b)2a2 — 2(4.b)(a. b)

= b2+ |b|? cos?0-2|b|? cos?O

= |bJ? sin?@

Q.6

Q.7

Vectors

= |AC|=|b|sin6

| AB|
. AABCisright angled and ratio ~— =3
|AC]|
angles are 90°, 60°, 30°

(©)
| AB|=|BC|=8

or |a|=|c|=8

CA=12 = |c-a|=12
= ¢2+a2-20a=144

=64+64—-144=2ca or ca=-8

C(é)
Consider CE.CA =|CE||CA |cos6

—a-c

3B ) ,- = |3
or (T—CJ-(a—c)z 4

. 12 coso

N %a.a-%a.a-aam.a 112 12 cod
3 3
o .64 7(-8)~(-8)+64= V112 12 cosd

=48+6+8+64= 4112 12cos0

W7
:cosezi
8
(B)
1:A+(|D—1)D,1=A+(q—1)D,
a b
1=A+(r—1)D
c
11 b-a
— _Z—(p-a0)D = ——
= 275 (P-a)D or p-q oD Adsoon

11



Vectors

Q.8

Q.9

Q.10

12

a_c—bha—c]er—alz
= bcD caD abD
Consid av_c—b+a—c+b—a -0
onsider abcD abcD abcD
©
[U-V+of = [GP +|V] +|&] -

L. .. OV
uv=ou=—
V]
[U-V+a> =14-22a0)
[i-V+al? =14
[U-V+®| =14
(D)
[j :(11 11 0)1 \7 :(1! _1| O)l W :(11 21 3)
UA=0,vA=0then= |wn|=£3|=3 Q.12
where N =A(UxV) = = —2)k
1
|ﬁ|=l:>k:iz =N=+1
(8)
AssumeA (0), B (b) C(C)
Position vector of L, M, N Q.13
L[ mb J N( mc j M(mc+nb]
m+n m+n m+n
A(0)
X
L N
n V\ 0.14

1 — —
AreaofALMN=§||—N><|—M|

1 né —mb y mc +nb-mb
=2l m+n m+n
1 1 oy o =
_ = n(n—m)+m<) (cxb
_2(m+n)z‘(( )+m?) (¢ xb)
A(ALMN)  n? —=mn+m?
A(AABC) = (m+n)?
(A)
If the radius of circum centre=r
|OA| =T wherei=1,2,3,...n
. Y. OAix|OAi| = Y |OAi| |OAi;1]| sin
27 4
~—n
n

=>r? sin2™h = (n—1r? sin2™h
n n
=(n—1) (OA1xOAz) = (1-n) (OA2 x OA1)

(B)
Let S(6), P(a), Q(b), R(C)

= |PQxRS—QRxPS+RPxQS| = [
(b—&)x(~C) —(C—b)  (-8) + (@~C) x (-b)|

=2|(Exb)|=2 (bxC) =4Areaof RS

(A)

(d+3) - (@x(bx(Cxd))

(d+3) . (@+{(b.d)c —(bc)d})
(d+a) - [(b.d)(ExE) - (b.E)(Exd)]

(bd)[a ¢ d]

(A)

(@xb)x (FxC)+ (0 xC)x(F xa) +(Cxa)x(F xb)
P w \%

= Px(F xC)+Wx(F xa) + (€ xa)xV
= (PE)F — (P.F)C +(W.A)F —(W.F)a+(C.V)a — (aV)S
[

=[abclr-[abFlc+[bcalf-[bcrla+



Vectors

X FRIA _I3 7 RIA - -
(¢ rbla-farole —(a.V)b-(B.-v) 3
=2[abc]r SRR
=[abclb
Q-15 (D) - = - - 2> 2> >
- (bxc)x(cxa)=[bca]c
a:(li 11 1)1 b:(11_11 2)1
&= 06x—=2—-1) (c xa)x(axb)=[Ccabla
- N I‘(‘ - - -5 - 3 - -5 -
I Sobox product=[a b c]°[a b c]
éxB -1 1 1 :(3,__’]_’_2) RN ,
1 -1 2 =[a b c]
. 19 (A)
(axb)=0 Q
¢.(axb) =@11),=@Lb1), =110
X—(x—2)+2=0 —_
X — (X —2) + = |x==-2 a 11
= 5 = 1 b 1|=0
16 (D A B C|=
Q (D) ) [ ] 1 1c¢
a=(xy?2 b=(1-11)
¢ =020 :11 +1lb+11 -
ab =0 ac =4 T4 ATh A
X-y+2=0 -~
x+2y=4 (2 Q20 (B)
X=0,y=2 PN = (A +2,31+6,5L+3)
a=022 b =(1 3 5) PN-b =0
[@ b ¢]=a.({xqd)
R P(7,-1,2)
bx&=(=21,3)=(0,22).(-21,3=2+6=8 |
al
Q.17 (C)
bxd=0 = b=2d N B
. - (L +9, 315,51 +5)
a=b+c & ¢d=0
= ad=bd+cd "
or ad=bd (L +2)+3 (3L +6)+505L+3) =0
N dx(@xd) (dd)a-(da)d = 10(A +2) +5(51 + 3) =0
Wz T 7 = 10, + 20+ 251 + 15=0
—3L+35=0=>1=-1
- (bdd - (ddd . .- - - . Lo,
—a——-— —a—-—— —a-AMM=a-b=c — _ . _p+p
d? d? N=@20=N="5
—=p =2N-P=2(8,2 0 —(7,-1,2) = (16,4,0) —
Q.18 (C) (7,-1,2) =(9,5,-2)
- -
L (bxc) Q21 (C)

fAi=1r=a+b

Direction of lie will be = (bxa)

13



Vectors

Q.22

Q.23

Q.24

Q.25

14

passing through = ¢
F=C+A(bxn)
(A)

d=a+b

_—4?+3R+|14?+2]—5|2|
5 15

127+ 9k +14i + 2j -5k
- 15

-
a

o

[

=2|+2]+4k=£('i‘+'j‘+l2)
15 15

(A)

r=a+Ap,7.A=z14 0p.Nn=0
2,1,12) . (3,2, -m) =0
6-2-2m=0=>m=2

(©)

r.@+b+c) =0
F=Il(bxc)+m(Cxa) +n(@xb)
I[a b ¢ (D)

| ] ...(ii)

n ] ...(iii)

Addthem 7 . @+Db+¢) =(+m+n)[a b ¢

=l+m+n=0

=i
DI
1

=i
ol
1
[}
(ox}
ol

il
Ol
1
ol
(op)
(1]

(D)

1 1 0
Wehave Vv =|1 2coseca 1

0 1 2Cc0seca

= 4 cosec?o, — 1 — 2COSeC o,

- Z{cosecza - %cose(:oc} -1

1V 5
= coseca—— | ——
4) 4

T
Vi (a=_] S 9.5 4.,
2 16 4 4

NUMERCIAL VALUE BASED

Q.1

Q.2

Q.3

(2]
Angle between vector 3 & b remains same even if
we presume them as unit vector. Here for sake of

convinience let 3, Db, ¢, d areunit vectors.

*“—cosﬁ—l 1 :
a.b = 3T e o ;
.1 )

bc—2 ............ 2

ad=cose ©)

. b.d=cosB . (4

also b =i (a+c)

M@+c)|=1 = 12@*+c?+2ac) =1

or ’(1+1-1)=1 = r=1

S b=(a+0) = ¢=b-a
again
= €0s0 =cosp —cose. = 6 = cos?(cosp — cosa)

8.6:‘ d ‘ | |cos6 = d.(b-4)

(9

(R-C)xB=0 = R=C+AB
=AC+)MAB=0 = 15+3).=0
=A=-5 = R=-i-8j+2k

[6]
Let O (0) be the circumcentre of AABC



Q4

Q.5

. R, a+b+¢
Given (a) =|b|=|C|=R =0= 3
= a+b+c¢ =0
NI
p(P)
(b)
|PAP +|PBP +|PCP _ Q6
R2 o
IP-al?+|P-b[Z+|P-c[
= RZ
3IP|+|a +|b[>+|c|? -2P.(a+b+E)
R? ’
6R?
RZ ©
[72]

vectors 3, b & ¢ are non coplanar so are the vectors
axb, bx¢
Let position vector of circumcentre Q.7

F =x(@xb)+y(bxc)+z(Cxa)
also OE=AE=EB=EC

= |F|=|T-a|=|T-b|=|T ~C|
or r¥=r*+a?-2ra =

r2+b?-2rb=r?+c?-2rc?

0(0)
(a)A
‘E

= c(c
By, (c)
= 2r.a=2a%, 2frb=b2, 2rc=c? or

Lo o a2
2y[abc]l=a = y= 2D d]

Similarly z & x can be obtained

(18]
Equation of lineAB is F = a+A(b—a)

Vectors
= F=(i+2]+K)+Mi—]j+K) oo (1)
CD=2i+2j-2k
CE=4i+5]-2k A=CDxCE
= 6i—4]+2k
So equation of plane CDE is3x —2y + z=12. Solve
withline ¥ = (i + 2j + k) + (i — ] + k)
3A+A)-2(2—-A)+1+A =12

=A=2 Hence Ris 3i + 3k

[36]

Equation of line L, is 7i+6j+2k + A
(—37+2]+4I2)

Equation of line L, is 5i+3j+4k + n
(2?+]+3l2)

CD = 2i+3j-2k + A (-3i+2j+4k) — u
(2i +j+3K) . since it is parallel to 2j-2j—k

C2-30-2p _ 3+2h-p _ -2+40-3u
' 2 -2 -1
LA=2, u=1

5. CD = -6i+6]+3k

l4cD| = 36

[35]

We have \71-\72 =2(sha +cosa) sin B +cos P
V,-V,=3

[given that 2(sin o + cos a)sin B + cos B — 3]

-2 1= 12 o oA

V)" V[ cos?0=9 (6=V,"V,)

[4(1 + sin 2a)) + 1] (1)cos’0 = 9

(5+ 4 sin2a) cos’0 =9

cos?0 = <1 = 9<5+4sn2a

5+4sn2a
= 4<4sSn20 = sn2uo=>1

in2q =1 T
SnZo =1= a= ",
4

9
Cosze=§=1 = 0=0

Hence 6 =0 = \71 and \72 are collinear i.e.

2(sina.+cosa) 1 (a nj
sinp ~ cosf



Vectors

Q.8

Q.9

Q.10

16

tan p = 2(\/_) 22

Hence 3tan?a +4tan’p = 3+ (4)(8) =35

(5]
Let Pand Q be (x,, y,) and (X,, )

. OP-i =x,=2and OQ.i =x,=-2
Let y=f(X)=x"—2x5+5x3+8x+5
y, =f(x) =f(2) andy, = f(x)) = f (-2)

‘6P5+OTQ‘ = Xl Y]+ Xl + Y]

= Xy +X,)2 4 (Y +Y,)°
= JE@+f(-2)
= (F(Q+f(-2)i

So, magnitude of O_If’+&j =f(2)+f(-2) =10

(from the given functional rule)
= 2M =10 = M=5Ans.

(0]
+

ol
I

A

o
o!

o
+
o!

Il
=
ol

o))
|
o
1l
>
ol
|
=
o

A=—-1 ,u=-1= A+ Db=—¢ from(1)

o a+b+¢=0. Ans
[34]

Let Pbe (X, y)

PA = (1-X)i - PB = (-1-X)i—
(ﬁﬁé) = ((x—l)f+y])

((x+1)iﬂ+y])=(xz—1)+y2

dso  3(0OA-OB)= 3 (i) =3

hence (ﬁﬁg) + 3(0_,0: ﬁ) -0

T opry)

B/ A Ly

L0 O (10

Q.11

x2—1+y?2-3=0=0

X2+y2=4 (1)
which givesthelocusof Pi.e. Pmove on acirclewith
centre (0, 0) and radius 2.
now

2 —2
PA[ =(c-veyn [PE =xrn2ey?

——2 |—|2
‘PA‘ ‘PB‘ =(P+Y2—2X+ 1)(X2+ Y2+ 2x +

1)
=(5-2X)(5+ 2X)
4]

[using x2+y2=
— 2 —2
-~ [PA|" PB[" =25 - a2 subject tox2 + 2= 4

=25-16=9; (whenx=20r-2)

and =25-0=25 (when x=0)

3<

hence M =5 and m=3= M2+ m?=34Ans.
(48]

Given |b-a|=12; |é| =6
Equationof CD is ¥ = \C

& eq.of ABis T =a+p(b—a)

a-cx(b-3a)
SD.=|"2 ¢+ = |=8
¢x(b-3)
D(0,0,0)
A(a) 6
C(¢)
12
B(b)
[a € Db]
ex(b-a)| =8

\[a ¢ B]‘zS‘f:x(B—é.)‘

_8|¢||b-3]
- 2

= BV=(4(6)(12) = V=48



Q.12

Q.13

(5] Q.14
(P-1N4-(@1)p+(@1)4q
+

T =x2+y? (1)

and —(Q-T) =14—4x— 6y .(2)

From (1) + (2

PT =x2+y2—4x -6y + 14 ..(3)
=~ (F-T)p=T71

Taking dot product with T, we get
r-HEr)=rr=pr=1

. from(3)

X2 +y?—4x—-6y+14=1

=>X-22+(y—-32=0=>x=28&y=3
Hence (x +y)=5. Ans.

[?]

A:%‘QXB‘ and ‘éxﬁ‘z :aZBZ—(az-Bz)Z
Bz2f+]+f<

|b? =4+1+1=6

a=(t-2)i-j-2k;

|af? =(t-12+1+4

KVPY

Vectors

[51]
o (oA 60)
p:‘éxB‘

100a+2b B

© AG

100a
Q= %\@ x Ad] - %\ (100a+ 26) x (- b))
- %‘—1005.><B+ 2ba|

- %\102(@6)\ - 51/ axb|
Now Q=AP

51\a><6‘ :k‘éxﬁ‘
A =51Ans.

PREVIOUS YEAR'S

AL 1, 1) Q.1
.

(1,23)B 7 C(t,1,1)

a-b=2t-1)-1-2=2t-5

|axb|? = 6[t2 - 2t + 6] — (4t2 + 25 — 20t)

|axb[? =22 +8t+ 11 Q.2

whichisminimumatt=-2

axblZ. =8-16+11=3
| |mn
|éxb|min=\/§
axb| .
—l 2|mm =Amm=7Ans.

(D)
ux\7=(2i—]+|”<)x(—3]+2|2)
—6k—4]—2i +3 =i —4]—6k

LetWw=a+b a’+b’=1

a=cos0;b=snb
max value =12 +(-4)* =17

(D)

A(a)

17



Vectors

= a+2b+3c A
PZT = k=—
L H
AreaAABC:§|axb+bxc+CXa| N 1+1_3
AreaAAPC 1|5.><f)+'p><f:><f:><é| Aow
i 2 AM >GM
Put ﬁ):w 1 1
SCRENNC)
. u = <A
ratio =3 > = SAp (D)
2 Ap 3
Q3 (A L
axb+oxb=0 similarly b+c=2,a Now. &reaof AAMN _57‘“|bXé| -
a+c=1,b b+a=1,¢ ol ABC — lhxe

Hence a+b+c=0

U 11 . A ,
—+—=3= Ratio= L el01
Only 1 position of centroid using 5, woo -1 <[0.4] maximum
2
Q4 (GC) troid vaIueofraIi023>M 1ar[tainwhenk=1usingderivative
is centroi -
A+B+C but | isnot 1 because M is an interior point.
G= 3 4 1
So —<ralo<—
G:2o;H ° 2
.6 A
20+H=3G Q *) y
HA+HB+HC=A-A+B-A+C-HA 1
L ), —
=A+B+C-3H 2 VvV,
= 3G-3H
= 2(?+ Ha— 3H » 450 )
=20-2H
=2HO
5 C —>
Q © Y v4>
M/ 20 . .
e N In this case B, C, D are not possible.
v
£ > Q7 (©)
Let AB=bAC=¢ C(c)
AM =21b
AN =m¢
Let G dividesMN intheratiok : 1
kuc+ib b+¢
ke 1 1
k+l 3 k+l 3 3,b, € are unit vectors

18



Q.8

Q.9

ab+bg 3b2+ac+c —3b c— *2—3a.é+9a.5

(B)
B:A(f+]+f<)

Il
ol

Ezé—l(f+]+k)
*:(6?—3}—612) —z(i+]+|‘<)
€=(6-1)i+(-3-2)j+(-6-2)k

t1=6-1-3-1-6-1=0

V is the circumcentre of AABC

=(10), B=(0,1) C(2,0)
LetV (xy)
VA=VB=VC

(X=12+y2=x*+(y—-1)°=(x-2*+y?

(ey)=( 23]

Q.10

Q.11

Q.12

Q.13

Vectors

3i+3j
2

V=

3 (23

V2

[v=

(©
Circumcenter (Origin O)

A@

((5)=(é+5+éJ,H :[é+5+é}
3 2

.1 -
N==(@+b+¢
2 )

(©

Equations
X+y+z=0
ax+by+cz=0,
&x+b%y+cz=0,
have a unique solution

1 1 1
= |a b c|20 = (a-b)(b-c)(c-a=0
a? b

(A)
|¥—b|+|F—C|=4 isan ellipsoid with foci B¢ .
Whenitiscut by plane 7.3 =5i.e.x +y +z=5then

we get ellipse with 2a=4 and 2ae = |b—G|=/14 .

Area of ellipse
= nab = 2m/a® —a’e® =2n 4——: w2
(B)

2 2 2
ﬁ.}.ﬁ.}.i =a_1+a2+a3
2 4 8 2 4 8

19



Vectors

16a,? + 12a,% + 7a,”> — 16a,a, — 4a,a, — 8a,a, = 0
= (2\/§a1 - 2\/§a2)2 + (2\/§a1 - 2\/§a3)2

+ (28, -3+ 45 =0
= a1:a2:a320

JEE-MAIN
PREVIOUS YEAR'S

Q.1

Q.2

Q.3

20

(2)

G+i-k)+(G-27-k)

Nlw Nlw Ne
Y
|
N w
—
|
N w
x>

(i-1-k)

=
1

3 ~ i) A ~ n A 3 3
S-1-k) - (i+)-k) = 51+ = 5

@
I

(2

A

k

axp = = 4ai-8]—4ak

QR Q —»

i
3
1 —

area=|axp|=83

= J160® + 160? + 64 = 8.3

= 3202 + 64 = 64.3
02+2=23=6=>a&=4
a=%2

a.b=3-02+3=6-4=2
(1)
ax(ax((a-b)a —laF b))

= axHaP(axb) =--af(a-b)a —-laF b)

Q4

Q.5

Q.6

= —(a-b)a
=lal'b (- a.b=0)
2
6 0 -3
for points to be coplanar 0 y-5 -28| _g

-1 -4 -38

= 6(=33\+165-112) + 33 (A2— 111 +5) =0
= —198) + 318 + 6612 — 363\ + 165 = 0
= 66\2—561) + 483 =0

_se1_187 17
T 66 2 2

(1)

L ()

1 y z

Unit vector parale to

[xf—lhlkj
ATOA

2

}\‘2

(i-j+K)
SRl

Xi+Yj+2zK =+
A2+

for xa=1itis +

= —3f+5]+6l2)
ca=7=>3L+ 5L+ 6AL=7

A=

N |

2

. 2‘(%3—1+ 2)?+(g+1)]+(3+1+1)|2

1 49
2( 2" 2 j 25+50=75



Q.7

Q.8

Q.9

Q.10

(1)

B(0,p) A'op)
15 3 (3.1)
45°
0 30°
(0,0)

1
Areaof A (OA'B) = EOA'00315° x OA'sin15°

2 Sin30°

Lon

= (3+1) X

|-
N |- N

(28]

¢ = Maxb)
ik
1 -1
2 1

&)
X
o]
Il
—_— et ey

(ExDb) = 3i-2j+k
S(i+]j+3k) = M3i-2j+k) .1+ ]+3k)
=>AM4)=8=1r=2

= F=M(a-b)

= F = A(-5i —4j +10k)
AlsO 7.(i +2] +k) = -3

= (-5 -8 +10) =-3

A =1
Now 7 = —5i — 4 +10k
= 7.(2i -3} +K)

=-10+12+10=12

(2]
ab=1= -ofp-ap-3=1

= 20p =4 = [ap=-2 ... (1)

bé=-3 = —-B+2a+1=-3

Q.11 (2)

Vectors

B-2a=4 ... )
Solving (1) & (2), (o,B) = (-1, 2)
o 3
}[éﬁé]zl—[} —Ba -1
3 3
1 -2 -1
-1 2 3
= l—2 1 -1
3
1 -2 -1
1 0 0 2
ol _ 1
= 32 1t =5l2(4-1] =2
1 -2 -1
OP_10Q
=-X+2y-3x=0
=>y=2x .. 0]
PG| =20

=>xX+1)2?+(y—-2)2?+(1+3x)2=20
=x=1

OP,0Q, OR are coplanar.

X y -1

N -1 2 3x/=0
3 z -7
1 2 -1

N -1 2 3|=0
3 z -7

=1(-14-32)-2(7-9)-1(-z-6)=0
=z=-2
LXE+yri+z2=1+4+4=9

Q.12 [486]

Let x =1a+pb (A and p are scalars)
R=1(2% + 1) +jp =) + KL — )
Since %(3i+2j-k)=0

3x+8u=0 ... (1)
Also Projection of g on gz is 17;/6
x-a_ 176

E 2

21



Vectors

Q.13

Q.14

Q.15

22

61— p=51
From (1) and (2)
A=8,u=-3

X =13i —14] + 11k
x|~ = 486

(4) Q.16

aom = 3pi +j

]

(3} New

Ayey :(p+1)i+a«/Ei

:‘aom‘:‘amwv‘
—ap?+1=p?+2p+1+10
8p?—-2p—-10=0

4p?-p-5=0
B
(4p—5)(p+1)=0->p=,-1
@
B

- a

C

d .
A e C

b
|l =8,[b|=7,[¢|=10
C[B e R
cos 0= 2‘5‘ |é| 28
Projection of ¢ on
= [¢|cosb
17

28

_8
T 14

(2)
d=|b|, [axb =[], aLb

\axB\z\a\ = [d|blsingo°=la = |bl=1=4

a and p are mutually perpendicular unit vectors.

(2)

P@3, -1, 2)

Q(]-! 2! '4)

PR || 4i—j+2k

QS||-2i+]-2k

dr's of normal to the plane containing P, T & Q will be
proportional to :

—
(.

4 -1 2
2 1 =2
P Q
T
S L_m_n
0 4 2

x—3 y+1 z-2

For point, T : PT = =%
or poin ] >

— x-1 y-1 z+4

T: = = =

Q -2 1 -2
T:(L+3,-L-1,20+2)

E(2“'-'-1! u+2!_2u_4)
H+3=-2u+1 = 2Q+p=1
A-p=-3 = A=2
& p=-5 rA+p=-3 = A=2
Sopoint T : (11, -3, 6)

— O 2j+k
OA=(111—3J+6k)i[ J\E ]ﬁ

ﬁ:(llf—sj+6k)i(25+k)
OA=11i—j+7k

or

9i—5j+5k

OA |=/121+1+49 =171
or
81+ 25+25=+/131



Vectors

= (C+rb). 3 =0

Q.17 (1) . A A A
= (7 +2j+3k) +A(=7+j)) .(-i-k)=0
Q.18 (4) .. .
= (1-2)i+@2+r)j+3k).(-i-k)=0
Q19 (1) = A-1-3=0
=>A =4
Q.20 [3] O F.b=(-37+6] +3Kk).(-i+])
Q.21 (4) =3+6=9
Q.22 (1) Q2  (A)—(q), (B) > (p), (C) > (s), (D) > (1)
023 160 ab 143
Q24 (2 (A) cos(r —0) = |a||b| ~ V1+31+3 ~ 4
Q.25 [2] — cosh = %
Q.26 (2
Q.27 [9
Q.28 (4)
Q29 [4
Q.30 [81] -
a
Q31 (3 f(b) —3b=-2b
f(b)=b
Q.32 [g] 5/6
n (secnx)dx
Q.33  [1494] © = JG m
.34 3
Q ) _n? {fn | sec nx + tan x |}5/6
Q.35 (3) " mn3 n 7/6
Q36 (4 ( 2 1 ] 2 1 ‘
mi-——————||-m|-S+—
Q37 [5] _n® V3 43 3 V3
~ /n3 s
Q.38 (1)
Q.39 [56]
40 [90 303
Q. [ ] _ i _\/E 1 _
JEE-ADVANCED /n3 T
PREVIOUS YEAR'S
Q1 [9 . . . .
~ (D) z (z= 1) lies on circle with center O, radius 1
(r—c)xb =0 .
F—C=Ab =7 =C+Ab LeR Arg(:} =Arg 1-Arg (1 - 2z) = angle between
r.a=0 OA andBA

23



Vectors

/<\A(16) ‘é+5+6‘220
J\ 3+2(é-6+6-6+6-é)20

)
N
-

B(z)
e~ - .. _ -3
a-b+b-c+ca=—
Absolute value of angle between OA and BA tendsto 2
i . =~ . -3
5 asB tendsto A. Since a-b+b-c+c-a = >
Alter #1

1-z

=larg1-arg (1-2)| = farg (1-2)| = [2a+5(-8) = 33| =3
Q4 (O
/\ Let ¢ = 2i+3]j+4K
N2 N -

as|zl=1li.e zliesoncircle .
= (a+b)]|c

= —zliesoncircle - .
Let (@+b) = AC

= 1-zliesoncircle = |a+b| =|1]|C]
= 429 =|1]. 429

=>A=x1

" Aa+b == (2i +3j+4k)

= max [arg (1-2)|= g

AIter_#Z
z=¢" Now (a+b).(<7i+2j+3k) =+ (-14+6+12) =
1 ~ 1 ~ 1 t4
2sin“——isin® 2sin—
2 sm2 Q.5 (C)
(_ 0 ej 11 0 PR=PQ+PS
sin—+icos— | = — +i — cot — S —
2 2) 2 2 2 SQ=PQ-PS
1 — PR-S0Q
Locusis —— isx= — P =—SQ
1-z 2 2
S R
N
1
2
. T P Q
Maximum value of ¢ tendsto 5
. PR+50
Q3 [3 PQ=—"7—

Vqﬁ%ﬁ”
24



Q.6

— — — — —

— —— —

V:%HPR,SQ,PT”

P -2
=1 -3 -4
1 2 3

1
S (3-7-10=10

8C,—24=[32]

Among set of eight vectors four vectors form body
diagonals of a cube, remaining four will be parallel
(unlike) vectors.

Numbers of ways of selecting three vectors will
be*C,x2 x2x2=2°

Hencep=5

Alternative

Eight vectors

X=i+]+k
j=i+]-k
7z = |—]+I2
5=i-j-k

X=—i-j-k
j=—i-j+k
7= i+]-k
6)':—7+]+l2

If wetake x, X' and any one of remaining sin x,

vectors will always be coplaner
.. No. of coplaner vectors = 6

similarly ontaking y,y' =6
2,2 =6

W0 =6 .. No. of set of
coplaner vectors = 24

Alternative =

A(0, 0, 0)
C1,0,1
D(0, 0, 1)
EQ, 1, 1) A B
F(O, 1, 0)
G(1, 1,0 D C
H(, 1, 1)

AH=T+]+k

BE =—i+j+k

Q.7

Q.8

Vectors

CF=-i+]-k
DG=i+j-k

Non-coplaner

©

(P) [abc] =2

2 (@xb). 3 (bx&). (Exa)

6[axb bx¢ ¢xal=6[abc]?
=6x4=24

P—>3

(Q) [abc] =5
[3(a+b) (b+¢) 2(c+a)]
=6 x 2[ab¢]

=12x5=60
Q-4

1 _ -
(R) = |axb| =20
2
I
A= > [(2a+3b) x (a-Db) |
1

=2 |-2axb— 3(axD)]|

5ak
= 2 laxb|

=5x20=100
R—->1

(S) |axb| =30

|@+b)x al=|bxal=30
S>> 2

(ABC)

%|-131- 2|2

T
3

25



Vectors

Q.9

Q.10

26

(4]

pa +qp+r¢ =axb+bxc

Taking dot product with 3, p, ¢ weget

q r

p+E+§:[abC] ...... (1)
%"‘Q"‘%:O ...... (2)
g+%+r:[abc] ------ (3)

D&@B)=>p=r&q=—-p

p? +2q% +r2 _ p? +2p? +p?
- 2

o =4Ans.

(A)
(P) y=4x%-3x where cosb = x
dy

-2 - 2 _

ax 12x2 -3

ﬂ+ Xﬂ =(x2-1) . 24x + x(12x* - 3)
dx? dx '

= 36x3 — 27x = 9(4x® — 3x) = 9y

1|/, d?y dy
— X =1)—=+x—} =
Hence y{( )dx2 dx [ =9

(as centre is origin)
More over angle between 2

.. 2=m
consecutive a;'s Is '

Hence given equation reduces to

[ 2r 2n
(n=2DA%sin "y = (n-1)2A2 cos N

27 _ 2n_£ _g
= tan _n —1:>—n —43n—
6x 3
(R) Equation of normal ?—Ty =3

2 2
Equation of normalis 22 — DY 22
XN

6
slope= -~ =1 (asitisperpendiculartoz +y = 1)

3h
+ tan™ L + tan™ 2
4x +1 X2

1 1
+
2x+1  4x+1 :ij 6x+2 _ 2
3 1 x2 7 8x*+6x X2
(2x+1)(4x+1)

=3+ Xx2=8x%2+6Xx = X -7x>—-6x=0
= 3X2-7x+6=0 (asx=0)

2
:(x—3)(3x+2)=0:x=—§,3

(— 2 is rejectedj
3



Q.11

Q.12

-2
|C7_|a| =24 -12 =12 Ans. (A)
Further
a+b=-¢
= 144 + 48 + 2ab =48
= ap =-72 Ans. (D)
a+b+c =0

. [axb+Exd = 20axb| = 214448 (72f =
48\3 Ans. (C)
(TA)—>P,Q;(B)—>RQ;(C)—>RQ,S.T;(D)—>Q,
®) (“”Bi)-(@;ﬁ] -
PBa+p=+23

\/§a+[a\/_§2J=i2\/§

=30+0—-2=%26 = 40=84 = a=2-1
(A—>PQ

(B) Continuous, = —-3a—2=b+ &
differentiadble = 6a=b—= 6a=a&+ 3a+2
=>a&-3a+2=0=a=1,2

(B—->P Q)

Q.13

Vectors

g=10-aand 29=5+b

=20-2a=5+b= 15=2a+b.... (i)
From (i) and (i) a(15—2a) =2a+ 2(15-2a)
= 15a—2& =-2a+ 30 = 2¢-17a+30=0

a=6 E
=a= '
15
:>q:4,7 =|qg-4=2,5
(D->Q,T)
(C) Let a= 3-3o + 2?

an = 30 — 3w? + 2
aw’ = 3w? -3+ 20
NOW a4n+3 (1+ C04><+3

+ (m2)4n+3) =0

= n should not be amultiple of 3

HenceR Q,S, T

(A)>PRS;(B)—>P;(C)>PQ;(D)—>ST

Given 2(a% — b?) = ¢?

= 2(sin®* —sin%y) = sin?z

= 2sin(x +y) sin(x —y) = sin?z
= 2sin(n — 2z) sin (x —y) = sin’z

sinz

Zz=>sin(x-y) = > ()]

) _ sin(x—y) _1
also given, A = " sinz 2

nn
Now, cos(nmd) = 0 = 003(7] =0
~n=135 . (A—>PR,S)
X
c b

(B)
Y a Z
1+ cos2X —2cos2Y = 2sin X sinY
2c0s?X — 2c0s2Y = 2sinX sinY
1-sin?’X =1+ 2sin?Y =sinX sinY
sin?X + sinX sinY = 2sin?Y
sin(sinX +sinY) = 2sin?Y sinX = ak, sinY = bk
a(a+ b) = 2b?
&+ab-2b’=0

27



Vectors

28

(C) Hence equation of acute angle bisector of OX
and OY isy =x
Hencex -y =0

Now, distance of Bi+(1—B)j = z(B, 1 - B) from x

_|B-@-p)_ 3
-YyISs \/E \/E
y6.3)
| 309
2B -1]=3
2p-1=%3
2p=4,-2
p=2-1
Bl=21 Ans. (PQ)
(D) Fora =1
3-xX x<1
y=X=1]+ )X =2 +x= 1+x ; 1<x<2
3x-3 ; X>2
2=4
6 yo
\3
2
0 1 2|

2
A= %(2+3)x1+%(2+3)x1—12&dx
0

8
A:5—§\/§

8
SR+ 52 =5
Fora=0,y=F1+]-2|=3

y=3

Q.14

Q.15

Q.16

2
8
A=6- | 2x0x a6 3V2
0

- F(0) + %x/i =6 - (D>st)

(BONUS)
This question in seem to be wrong but examiner
may think like this

S =4p+3G+5F
S=X(-p+q+T)+Y(P-G+T)+2(-p-G+T)
X+y-z=4 .. 1)
X-y-z=3 .. (2
x+y+z=5 .. 3)

add (1) and (2)

7
272=7T= 2= —

2
2Xx=8 =>x=4
y+z=1
2X+y+z=2(4)+1=9
(B,0)

W.(0xV)=1

—|w||u xVv|cosd=1 0 is angle between
wand UxV
=c0s0=1 =60=0=0xV isparale to W
= W.U=0andw.v=0

So, there are infinitely many choices for such v

If G lies in the xy-plane then
1 1
%ul+£u2:0 =>u=-U, = |u |=|u, |
If a lies in the xz-plane then
1 2
%ul+%u3:0 >u=-2u, =]|u,|=2|us|

(B,C,D)
P(3, 0, 0), R(0, 3, 0), Q(3, 3, 0), T(3/2, 3/2, 0), S(3/
2, 3/2, 3)

- — 3. 3.
0Q=3+3j, OS:EHEH:SK

Let , @beanglebetweenOQ and OS, then

cost =—
J3

Eq" of plane containing triangle OQSisx—y =0
Hence, (b, ¢, d)



Q.17

Q.18

Q.19

(B)
(D)

*0

Similacky PQ . SR=0
= Sis orthocentre of the triangle

(3]

t=xa+yb+axb

ca=xandx =2cosa

tb=xandy=2cosa

Also, |axb|=1
t=2cos(a+b)+axb

¢? = 4cos’(a+b)? + 2cosa(axb).(axb)

4=8co o +1
8cosa =3
[0.5]
7
R
s T
o=F y
Q

Q.20

Q.21

Q.22

Vectors

B #q_liﬂ i Rli ik
(pxa)x(FxT) =21 -1 -Ux-1 -1 1

T e ER
——‘(ZI +2])x(—2| XZJ)‘: E :%

— 11 2 1 1
= = [ABxAGl== [=xZ_= =
S0, A ‘ C‘2234 2x 243
3
= (6a7 =, =[0.75]
[18.00]

E=(20+B)i +j(a+2B) +k(B-o)

c@+b) 55
|a+b]

a+p=2

(€ —(axb)).(aa+pb)

= |Ef=0a?|af +B%|b [ +2ap(ab)

=6 (a2 + B2 + o)

=6+ (2-a)’+a2—a))

=6 ((a—-1+3)

= Min. value= 18

[108.00]

Wehave, a+pb+¢=0

+
—C¢=-a-b

29



Vectors

Q.23

30

o]
o
Il

|
(o]

g U
o
%
o
N
Il
Q

a-bj

P a+bj Q
a=((i+)PQ)PQ
:|(i + j).PQ|

N ._(ai+bj)|_ a+b
N = P

\7=(i+j).PS

V=
jd=
(a+b)[+|a-b
N
Fora>b
2a=+/2+/a +b?
48° = 28° + 27
a=b’.a=b

(8>0, b>0)
similarly for aa>b we will get a=b

(+1)-(8i—bi)| _
| a+b2 | x/a+b2
|

<1

NG

Now area of parallelogram =|(ai + bj)x (ai —bj)|

=2ab

o 2ab=8

ab=4

from (1) and (2)
a=2, b=2 .. atb=4
length of diagonal is

‘231’ ‘ - ‘4?‘ —4
so option (C)

2 —(:15)2: 9x 16—

36 =108

(1)

(2)

option (A)

Q.24

o81x(06 - oo
2
(Note OA & OB are perpendicular)

9 9
= 7=E:>7» 1(given 2>0)

. OB-OA AB
So OC= e
2 2
B
+3
M\ 32
4504+ 0
3J2 4
30 = A

M ismid point of AB
3

Note projection of 9C on OA =-3

tanez1
3

9
Areaof AABC=E

Acute angle between diagonals is



3-Dimensional Geometry

[ EXERCISES

)

ELEMENTRY

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q7

@

Fromx-axis = \/y? + 2> =/4+9 = /13
Fromy-axis = \[1+9 =10
Fromz-axis = 1+ 4 = /5

€
4-(-2) , -3-4

i .8
Check option (3), 3-4 7 2-(3 Q
Therefore, this set of pointsisnon-collinear.
@
Obviously, the projection
6 2 6
= [2-(-)]=+[5-0]=+[1-3] =
[2- (D)= +[5-012 +[1-3]
_18+10-6_ 22
I A
@ Q.9
Let A=(@11) ;B=(-241 ; C=(-159 &
D = @B2:5)/9+9+0=3/2, BC=1+1+16 =3/2
and cp=3J2 and AD= 3./2. Henceitisasquare.
@
For D'ratio (1, - 3, 2), thedirection cosinewill be 0.10
[ 1 -3 2 ]
V1+9+4'V1+9+4 119+ 4
:{L—_?’L]
V14" 14" 14
Qu

@

cos’ o +cos’p+cos’y =1

14\* (1)
= COSy = 1—1—5 -3

1
If [E' ,n] arethed.c's

1\? (1)?
' | +]Z] +n*=1
of line then, (2] (3]

.23 Ne

"3 ~ "6

wlkr

=N

@

Sincea =B =7 = cos’ o +Cos o +Cos’ o =1

== cosl[iij

J3
So, there are four lineswhose direction cosines are
Fre GEd Eww
F5%
@

3+0-5 ]
V1+1J9+16+ 25

=cos™ [_—2] =cos™ (Ej
+10 5

©)
Projection of [(1, 2, 3) — (6, 7, 7)] along line

_ -15-10+8 -17
NN ¥4
Distance = /(5> + 52 + 4%) 17 = /49 = 7

)
The perpendicular distance of (2, 4,—1) fromtheline

0= cos‘l[

X+5 y+3 z-6 .
1 4 9 °®

{(2+5)°+(4+3)*+(-1-6)

J1+16+81 Jo8
=147-98=+/49=7

_{1(2+5)+4(4+3> ~9(-1- G)TFZ 147_[£]2

31



3-Dimensional Geometry

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

32

(4)
Since 2()+2(2)+(-2)(3) =0.
Hence lines are intersecting at right angles.

(h)
6 — cost (15— 48+ 65)
J25+144+169/9+16+ 25

- cos™ (—2 ) - cos* (i)
= 2 6v2) " 65

)

6 15 -
3 -1 1
SD.= -3 2 4
J(4-2)? + (12+3) + (6—3)?

270
=——=+270= 3,
270 30
@
Givenlinesare,

Xx-5 y-7 z+2
= = =1
3 =) ()

X+3 y-3 z-6
3% 2 4

x=3n+5=-36r,-3 , y=-r+7=3+2r, and

and

:r2 ,(Say)

z=r-2=4r,+6

. 5 10
Onsolving, weget X = 21.y=§,z=§_

Trick: Check through options.

@

If I, m, n are direction ratios of line, then by
Al+Bm+Cn=0

For x—y+z-5=0,1-m+n=0....(>)

For x—3y—-6=0,1-3m+0n=0.....(ii)

I  m n | m n

Cor3 10 3:1¥3° 1 22
Directionratiosare (3,1, —2) .

Note : Option (3), may also be an answer but best
answer is becausein (3) direction cosinesarewritten.

@
Linejoining thepoints (3, 5,—7) and (-2, 1, 8) is,

x-3 y-5 z-(-7)

2- O-6G 8-(-7)
X-3 y-5 z+7
5 4 15

=K, (Let)

.~ X==BK+3,y=—4K +5,z=15K -7
- Line(i) meetstheyz-plane

~ BbK+3=0 = K=3/5

Put thevalueof K in x,y,z

So therequired point is (0, 13/5, 2).

L4

The direction cosines of the normal to the plane are
1 2 -3

P42 +3 P22+ P12+ 3

1 2 -3
ie, ﬁﬁﬁ
But X+ 2y—3z+4=0 can bewritten as
-X—-2y+3z-4=0.
Thus the direction cosines are

123
V4’14’14

@
Equation of planeparallel toy-axisis, ax+bz+1=0

Also 2a+1=0= a= —% and 3b+1=0= b= —%

53X +22=6

X z
Aliter : Equation of plane E+§:1:> 3X+2z=6

©)

X z
Equationis _+X+Z=1 or —2x+4y+3z=12

-6 3
.. Length of perpendicular fromorigin
12 12

- V4+16+9 - @

2

gven, equaiton of planeis passing through the point
(-1,3,2)

L AKX+D)+B(y-3)+C(z-2)=0....>1)

Since plane (i) is perpendicular to each of the planes
X+2y+3z=5and 3x+3y+z=0

So, A+2B+3C=0and 3A+3B+C=0



Q.22

Q.23

Q.24

A B C
" 2-9 9-1 3-6
=>A=-7K,B=8K,C=-3K
Put thevaluesof A, B and Cin (i)
we get, 7X—-8y+3z+25=0 , which is the required
equation of the plane.

©)

1-1+1+k
\/1+1+1.[—] =5 andk=+5-1=4, -6

NE

©)
Equation of plane parallel to Xx-2y+2z=5 is

X—2y+2z2+k=0 ()]

1-4+6+k

Now, according to question,
J9

=1

or k+3=+3=k=0 or—6

LX=2y+22-6=0 or X—-2y+22=6

@
Let M bethefoot of perpendicular from (7, 14, 5) to
the given plane, then PM isnormal to the plane. So, its

d.r'sare2, 4,-1. Since PM passesthrough P(7,14,5)
and hasd.r.'s2, 4, -1.

X=7 y-14 z—5_r

Therefore, itsequationis > 2 )

(S)

P(7, 14,5)

= x=2r+7,y=4+14,z=-r+5

Let co-ordinatesof M be (2r+7,4r+14,—r+5)
Since M liesontheplane 2x+4y—z =2 , therefore
= 202r+7)+4(4r+14)—(-r+5) =2

=r=-3
So, co-ordinates of foot of perpependicular are

M(1,2,8)
Now, PM = Length of perpendicular fromP

= J1-7)? +(2-14)’ + (8-5)° =321

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

3-Dimensional Geometry
(1)
Obvioudly, 3x4+(-2) x3+2x(-k)=0
=12-6-2k=0= k=3.

@
Equation of required planeis, I+I+I =1

=>X+y+z=1

()
Theplanewill be X+2y+4z=2x1+3x2+4x4

or X+2y+4z=24 .

@
If plane x —3y+5z = d passes through point (1, 2,
4).
Then 1-6+20=d=d=15

X z
. Plane, x-3y+5z=15, = E+_l5+§=1
Hencelength of intercept cut by it ontheaxes(x, y, 2)
arerespectively (15, - 5, 3).

)
S 3y 62, x y z_,
60 60 60 12 20 10

Hence, theinterceptsare (12, — 20, 10).

@

Equation of plane passing throughthepoint (1, 2, 3) is
AX-1)+B(y-2)+C(z-3)=0 ... @)

Plane (i) isparallel toplane X+ 2y +5z=0

S (X=D)+2(y-2)+5(z-3)=0
plane.

is the required

2

(Eéuation of plane passing through the intersection of
given planes, is
(X+2y+32+4)+1(4x+3y+2z2+1) =0 ... 0]
Plane (i) ispassing through origini.e., (0, 0, 0)

LA+ =0=>Ar=-4

Put thevalueof ), in(i),

-15x-10y -52=0 = 3x+2y+z=0.

(1)

Distance of plane from origin
d 14 14 14

T (@it e+ A9 T

33



3-Dimensional Geometry

Q.33

Q.34

Q.35

Q.36

34

(2)
Any plane passing through (1, 1, 1) is

ax-1D+b(y-D+c(z-2)=0...>0
Plane (i) isalso passing through (1, -1, -1)
~a.0+b(-2)+c(-2)=0
or,0a-2b-2c=0

or 0a-b-c=0 ... (i)
Plane (i) isperpendicularto 2x—-y+2z+5=0
S0, 2a-b+c=0 . (iii)

From (i) and (iii), a=b=1c=-1
Substituting in (i) we have x+y—-z-1=0.

@

The equation of the plane through the intersection of
theplanex+y+z=1and2x+3y—-z+4=0is
(x+y+z-1)+A(2x+3y—-z+4)=0

or (I+20)x+@+3\)y+(@1-A)z+41r-1=0
Sincetheplane parallel to x-axis,

1+2x=o:>x:—%

Hence, therequired equation will bey—-3z+6=0.

@
Equation of any plane passing through (0, 1, 2) is

ax—0)+b(y-D+c(z-2)=0 ... 0)

Plane (i) passesthrough (-1, 0, 3), then
a(-1-0)+b(0-D)+c(3-2)=0

= —a-b+c=0 = a+b-c=0 ... (i)
Plane (i) is perpendicular to the plane
2x+3y+z=5,then 2a+3b+c=0 ....(iii)
Solving (ii) and (iii), wegeta=—4k, b=3k,c=—-k
Putting these valuesin (i),

-4k(x)+3k(y-1)-k(z-2)=0
= —4x+3y-3-z+2=0

= -4x+3y-z-1=0

= 4x-3y+z+1=0

(O

5_y—1_z+2_r

SO, x=r,y=2r+1,z=3r-2
2r+3(2r+1)+(3r—2)=0:>r=1—11

-1 9 25
Hence, x=—,y=—,z2=-—
11 11 11

Q.37

Q.38

Q.39

Q.40

4
(Eq)uation of plane passing through the point (1, 0, —
1) is,
ax-D+b(y-0)+c(z+2)=0 ...... 0]
Also, plane (i) is passing through (3, 2, 2)
ai3-H+b(2-0)+c(2+H =0

or 2a+2b+3c=0 ()]
. oo x=-1 y-1 z-2
Plane(i) isasoparalle totheline = =
2 -2 3
2a-2b+3c=0 (i)
E N and (i a _b_c
rom (i) and (ii), 37072

Therefore, the required planeis,
-3(x-D)+0(y-0)+2(z+) =0

or -3x+2z+5=0.

@

X+3 y-2 z+1
-2 1

x=3L-3, y=-20+2; z=A-1 lineintersectsplane,

therefore, 4(3L—3) +5(-2A+2) +3(L-1)-5=0

=>A=2.90, x=3;y=-2;z=1.

Trick : Since the point (3, =2, 1) satisfies both the
equations.

Lineis =i (Let)

)

The equation of plane containing the line

X+1 y-3 z+2 .

-3 2 1
ax+D+b(y-3)+c(z+2)=0 ....>I)
where —3a+2b+c=0 ... (ii)
This passes through (0, 7, -7)

a+4b-5c=0 ...(1ii)

a_b_c a
-14 -14 -14 1
Thus, therequired planeis x+y+z=0.

From (ii) and (iii),

@

Angle between the plane and lineis
aa +bb'+cc’
Va2 + 07 +2ya? +b? +¢2
Here, aa'+bb'+cc' =2x3+3x2-4x3=0
-.sin6=0 = g=0°

sin0 =



JEE-MAIN

OBJECTIVE QUESTIONS

Q1 (2
X2+y2+y?+ 722+ 72+ x2=36
2(x2+y?+7%) =36

X +y+72 =32

Q2 Q.7
PA2_PB2=2k2
(x=37+(y =42+ (@=5)2~(x + 1~ (y =3 —(2+ 77
=2k2

= 8X+2y+24z+9+2k?=0

Q3 @

cos?o. + cos?P + cos?y = 1

o+p=90° Q.8
sin?p + cos?p + cos?y =1

a=90°-p

cos>y=0 cosa = sinf

oy= 90°

Q4

1
£=005a=ﬁ

1
L =Ccosfp = ﬁ
P+m?+?=1
n=0=cosy=0

T
> y==

2
Q5
c0s? 0 + cos? B+ cos?0 =1
2c0s 0 =1-cos’ B =sin’P

2c0s?6 =3sin?6 =3-3cos’0 Q.9
cos® 6 = 3/5
Q6 (O
Q.10
Y P
3
] X

z

D.R.of OP=(1,-2,-2)

(1 -2 -2
D.C.of OP= |3/ 33

S 5 (1 -2 =2
Vector OP =|OP |3/ 37/ 3~

@

Dr'sof AB=1,—-3—q,0
Dr'sof CD=3-4,2,-2
AB_LCD

5 1(8=P)+(-3—a).2+0=0
3-B-6-20=0
20.+B+3=0
Loa=-1p=-1

(1)

Dr’sof bisector
i+j+k i+j-k
V3 V3

HenceDr’sarei, A, 0(A € R)

=M(i+])

5
i
,,,,
-
o

/1¢2 3) i+j+k

Equation of bisector

x-1 y-2 z-3
A A 0

x=1 ¥=2., 3.9
2 1

4)
a_l.aZ + ble + C1(-':2 = 0
.. lines are perpendicular

@

_.,
|
—.>
w
== X

=-5] +5k

=]
o
1
==
N

i ok
= -2 13
2 a1 -1

n

p (0, -5, -3) ; R(0, —1/5, -3/5)

3-Dimensional Geometry

j =(1,-2,-2)

=27 +(2+3a)j+(2+a)k

35



3-Dimensional Geometry

Q.U

Q.12

36

For compaire lines

[PQ M R]=0=a=-2

2?+3]+5|2+i+2j+3|2
V38 V14

= (1) and (2) will beincorrect
Letthedr'sof line L to (1) and (2) bea, b, c

a+b=

=2a+3b+5c=0 .. (i)
anda+2b+3c=0 . (iv)
a b c

" 9-10 5-6 4-3

L a_b_
-1 -1

(=N}

a b c
= —=—

1 1 -1

.. equation of line passing through (0, 0, 0) andis Lr to

thelines(1) and (2) is

X_y_2

1 1 -1

Q)

? :% :%:x = poaint (&, 2X, 31)
X;1 _ y_—12 _ Z;3 -M

= Point (3M +1,-M +2,4M + 3)

x+k y-1 z-2
3 2  h

= Point (3t—k, 2t + 1, ht + 2)

If all threelinesare concurrent

A=3u+1L, 20 =—u+2;3A=4u+3

A=1=pu=1

t

Q.13

Q.14

Q.15

Q.16

Q.17

1 1
3t—k=1; 2t+1—2:>k—§ :>t—§
ht+2=3
ht=1= h=2
@

A(ab,0)B(,b,c)
-

Line AB =(ab,0)+A(d—-ab —b,c —c)
=(a+rd,b+Ab’,c+Ac)—A(a b,c)
It will passes through origin when
a+Ad =b+Aib' =c+ic =0

a_b_c
~a b ¢
@
X=y+a=z (D)
X+a=2y=2z (2
wehaveoption (2) & (3)
but if welook at option B
it will satisfy the given equation
©)
X-2 y-3 _ z-4

11 -k
x-1 y-4 z-5

k 2 1
A(2,3,9), B(1,4,5),
D.R.(1,1,-K), D.R.(k,2,1)

-1 1 1
Coplanarthen=|1 1 -k|=0
k 2 1
= k=0ork=-3
(2)
a=(25-3
B :(_1l 81 4)
a.b -2+40-12 26

COSO=—|5||B| = /38 V81 _9\/@

1[26)
= 0=cos" 9@

(2)

ijk
dirof line= 5 3 2 =2} + ¢
DR &=(-2,0,1)



3-Dimensional Geometry

(Ap xAp) x | = (=27 + ) x k =2

. Q22 (2
= distance = 2 N (o, B, 7)
3X—-2y-z=9
Q.18 (1)
a(x—2) +b(y +3) +c(z—1) =0 «-2_PB+1_y-3 _,
Dr’sof thelinejoining (3,4,—1) & (2,—1,5) are—1,-5, 3 -2 -1
6 oa=3A+2,=—20-1,y=—A+3
normal of the plane and above line are parallel N point lies on the plane
. equation of the plane 3(Br+2)—2(-2A+1)—(-A+3)=9
—1(x-2)-5(y+3)+6(z—1)=0
= X+ 5y—-6z+19=0 P(2, -1, 3)
Q19 @
(xy+yz)=0
x+z=0and y=0
Two perpendicular plane. -l
Q.20 (1) N
N
X+2y+2z=5 n1=(1,272)
P' (a, b, )
3x+3y+2z=8 n> =(3,3,2)
ik = A= 2
N i jk 7
Normal vector of plane=n1 xny = |1 2 2
33 2 20 -11 19
N| =S /5 r 35
77 7
=_2i+4j+3k PP
2.|+4J+3k N= i = PI=2N-P
Equation of plane —2x + 4y -3z =k 2
passing through (1,—-3,-2) k=-8
—2X+4y—-3z2=-8 — pl (é,—_w,zj
2x—4y+8z-8=0 77 7
Q21 (I Q.23 (9
Let N befoot of poerpendicular = (o, B, y)
N(c, B, 7) x—2:y+1:z—2
3 4 12
0] Use pases through P(2, -1, 2)
point P
So Pl of lineand planeisP (2, -1, 2)
(-1,-5,-10) so PQ=13
L] Q24 (O
a-1 p+2 y-3 _a,
A(1,2,3) 23 -6
Equation of planewillk be
ax + By +yz=k F’(2,"—1, 3)
passing through (1, 2, 3)
= k=a+28+3y d/
X+By+yz=a+2B+3 d
ax+py+yz=o+2B+3y 2, 3, -6)

this plane passes through (o, B, ) aso
012+B2+y2:(1+2|3+3y
X2 +y?+722-x-2y-32=0

J
Qo B, )
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3-Dimensional Geometry

Q.25

Q.26

Q.27

38

a=2A+1,b=3-2y=-61L+3
(o, B,y) lieontheplanex +y + z=5

o1
-7

9 -1115
Q777 7
d=PQ=1
@
Let the EQ" of plane
X Y _ Zz_
a+ B +— =1
passes through (a, b, ¢)
a b Cc 1
— 4+~ +— =
a B v
common pointwill be(c, B,7)
so locus
a, b + £ =1
X Y z

@
L et the equation of planes
X Yy z X Y z

A Nt T
a b c aa by g

perpendicular distance from orign will be same
P=P;

=1

J1+11= 1.1, 1
a> b2 a; b? cf
1 1 1 1 1 1
S+ S5 +—5= 3+ 3+ 3
a2 b2 "2 af "bf Tt

Direction of line = (1, 2, 2)
normal vector of plane= (2,1, /%)

. 2-2+2\n
SNO= Hvd+4aa+1+2 3
=5+
)

~ 3

Q.28

Q.29

©)

B(0,B,0)

L et the equation of plane:

x Y Z
—+ -+ =1
a B v
%=a:a=3a
%:bja:Iﬂa
%=c:y=30
L+L+i:1
3a 3b 3c
X,y z_
= a+b+c 8

(1)
Ley the equation of plane

X,y

+—+E—1
a b ¢

iventhat p =
g p i i

1.1 1
o 5 +— +—
a2 T2

1
p2

B(0, b, 0)

()

(D)

c(0, 0, ¢

A (a, 0, 0)



3-Dimensional Geometry

Let centroid (u, v, w) \/ﬁ
2a“+c” =2a
v-E = b=4v 280+ =4
T4 - 2a = c2
C
W=7 = Cc=4w b=a: c=+2a
) a:b:c= (121:«/5)
1 1 1
1602 " 16v2 T 16w2 ~ p?
Q33 (@
1 16

u?+v2+z2=16p>2

Q.30 (2) F.(i+j+k)=3\/§
LetPoint P(a., B,v)
Giventhat
(=19 +(a+ 22+ (B-1)+(B+21)*+(y-1)>+(y+1)
=10 x+y+z—3\/§=0
202+ 2B+ 2y>+6=0

a?+P2+y2=2 = x2+y?+72=2 B -3J3 _3
VB
Q31 (@ _
A(2—x,2,2)B(2,2-y,2)C(2,2,2-2)D(1,1,1) =r=4
— -
AB :(X;_y: O)I :(Xl O! _2)!
AC Q34 (1
N
AD =(x-1,-1,-1) A[272+12 —9%-4 18148
If A, B, C, D are coplanar pointsthen Ar+1 " A+l a+1

- - -
[AB AC AD]=0
x -y O m 1
B 9 .

x 0 -2 _, - 1 +l+l -1 (12-4,8] A (27,-9, 18)

x-1 -1 -1 X Y z
Q.32 (2 Which lies on the sphere
ax-1)+by-0)+cz-0=0 (10,0 270 +12)% (—9n—-4)? (181+8)
= ax+by+cz-a=0 (0,1,0) . = 504
O+b+0—-a=0 A+1 A+l A+l
Solving aboveweget 9\*>=4
Z between planes= £ between normal
x+y=3,  (1,1,0) (ab,c) 4
3
cos T = 1(a) +1(b) + 0(c)
4 P42+ @+ +C Q3 @

i: a+b x;2:y;1:z—11 s

2 (o2 2 2 -IE! -
V2 2Va b e (3142, 201, 1-2)

z=0=A=1
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3-Dimensional Geometry

Xy = c2
(BL+2) (2—1)=c?

putri=1 =c?=5 = c=%,/5

f-1_mo_n
1 -1 1

f=A+1l,m=—=An=A

JEE-ADVANCED Z+m?+n2=1
OBJECTIVE QUESTIONS A+ 1)2+k2+k2: 1
Ql ©
A2+20.=0
Distance = /x2 + y2 + 22 A=-2/3
- 2 2 2 12 -2
- \/(Zt) +(4t)7 + (41) D.C'sof reflected Ray [Ergr?j
=6t
t:. 10 ok ) l _3 3
Distance=60km or 373’3
Q2 (0O Q4 (A) _
A (2,3,5) B(-1,2,2) C(A, 5, 4) Let P bethe centroid
A2, 3, 5) . _1 -1 dPC—lcC
3 . PA,= 3 AA, PB,= 2 BB, and PC,= 3 CC,

] PA1+PBl+P01 1.1

" AA, BB, CC, 3 3
Q5 (B)

Sincethreelinesare mutually perpendicular

Ll +mm,+nn,=0; {0, +mm,+n,n, =0
o1 7 5 Lyl +mgm, +ngn, =0
m [;,_, Bt ] Al 2+m2+n2=1;(,2+m2+n,2=1;

2 2 2 (0 + L+ L)%+ (M +n,+my)?

D.R> of medianthroughA:

B(-1,2,2) ™M C(%,54)

+(n, +n,+ny)?

Al 57 3pt2 g = (SU2+ 502+ 5002+ 2500,
2 2 2
+250,0,+250,0) =3
UL N = {13+ L+ £+ (my ¥ my+m))?
2 2" 2
Asthje median through A isequally inclined to He axis +(n +n,+ my)? =3
- D.R'swill be and equal to k. Hence direction cosines of OP are
A—5 u-8 (f1+f2+f3 My +M5 +M3 Ny +Ny +N3
2 _1_ o - - 30 3T B
TR T = A=6andu=9
Q.3 (D) Q.6 (A)
TheDC'sof incident RAy arew (1, 0, 0). Let theD.C'sof Directionratio'sof line= (-2, 1, 2)

reflectd ray be (A, m, n)

— TheD.R.'sof thenormal to polaneof mirroris(l —1, o (=212
Direction cosine's= 3’3’3
m, n)
o e cose—i coso, = l'cose = E
T3 T3 T3
RN €0s20, + €0s20,, + c0s20,
Th (1,0,0) = 2[cos?0, + cos’d, + cos?0,] — 3
T 4,1 .4
=2|37373| 3871

40



Q7 (A
P(p, a, 1)
Q.9
d
0
(a, b, ©) d'c's
(¢,m,n)
X-a _y-b_z-c .
Z - m - n POInt(pvqlr)
- A ~ A
Let r1 =(p—a) i H(q-b)J+(r-c)]
- _ % G P
ro =/i+m]+nk
Q.10
- -
ri.ra
cosh= -,
[ ri|r2|
-
aso d=|ry1|SN6
‘) -
d?=|ry Psin?0
- -
(r1.r2 )2 Q.11
=1 P-co0) =1 B > L >
[ ri [7] r2 |

#=1r1 P-(r1 .12 )’
=[(P-a?+ (@=b)2+ (-0
~[¢(p~2) + m(a—b) + n(r—0))

Q8 (B
X-1 y-2 z-3
s - 1 2 =r ..(1
x—3:y—1:z—2 @

1 2 3

.. coordinates of any point Ponline (1)
S PBr+1,r+2,2r+3)
for point of intersection of (1) and (2)

3r+1-3 r+2-1 2r+3-2

1 2 3
r-2 r+1 2r+1
1 2 3
nr=1

.. point of intersectionis(4, 3, 5)

3-Dimensional Geometry

.. the equation of required plane
4x-4)+3(y—-3)+5z-5=0
4x + 3y +52=50

(A)

2X—y+3z+4=0=ax+y—-z+2..(1)

-+ equation of planethrough (1) is
(2x—y+3z+4)+A(ax+y—-z+2)=0
X(2+ah) +y(L—1) +z(3-21) +(4+2)0)=0....(2)
X=3y+z=0=x+2y+2+1 ..(3

-+ equation of plane passing through (3) is
(x=3y+2)+p(x+2y+z+1)=0

X(L+p) +y(2u—-3) +z(n+1) +p=0...(4)

if lines(1) and (3) are coplanar, then

2+ah  A-1 3-1 4+2A
p+l 2u-3 pu+1 n

Solving thisweget A =—1, u=1

: a=-2

(D)
X=ay+b,z=cy+d
andx=ay+b',z=ch+d
x-b ~—z-d

a YT ¢

= y = f

poer pendicular then

aad +1+cc =0

(A)

Angle between two facesisequal to the angle between
- -

thenormals n1 and n» .

9
ni1 — norma of OAB

-

n2 =norma of ABC

Nt=0OAxO0OB=1 2 1
213
=5i-j-3k )
n2=ABxAC=|1 -1 2
-2 -11
=i 5j-3k e
- -
g N1.N2 _19 0=cost 19
COos —ﬁ—35 = =C0os™ 35
| n2 || n2|

41



3-Dimensional Geometry

Q-12 (D) ~~ % o
2X-y+2=6 e DC=i+j+(1-2)k
x+y+2z=7 -(2) If four points are coplanar then [DA, DB, DC] =0
X-y=3 -3
L et the equation of plane Lr to (2) and (3) be
ax+by+cz+d=0 e () 1-x 1 1
sa+b+2c=0
a-b+0.c=0 - |1y 1o
1 1-z
.a_b__c¢
2 2 _1-1 c, >C—¢C, and ¢, > C,—C,
dr’sof normal totheplane Lr to (2) and (3) are 2, 2, — “x 0 1
2
now angle between both planes is cos = = |y -y 1]=0
0 z 1-z
2)2)+2(-D+(=2)@)
3.2/3 =0 —X(—y+y2—z)B 1(+y2)=0
. XYy —XyzZ+XZ+Yyz=
=0=90 Xy +Yyz+ 22X = Xyz
Q.13 (A) 11 1_1
Let the equation of plane be - ;+§+E_
B(0, 0, b) Q15 (©
Equation of lines:
X-2 y+3 _z-1
3-2 -4+3 -5-1
Afa, 0, 0) X—2=y+3:z—1=z—1:}L
C(, 0, ¢) _1 -1 -6 -6
Points(\ +2,-L—3,-61+1)
Point will be on given plane
X, ¥, %24 2L +2) +(-h—3)+(-6rL+1)=7
a b c¢ = A==1
as(a, B,v) iscentroid Intersection point (1, -2, 7)
a b c
'.'oc:§: [3=§ and T=3 Q.16 (B
Let the point be p(a., B, )
.. _1\2 2 _1\2 2 —1)2
- equationof plane X+ Y+ Z _3 FO=1P+ (ot P (P17 (B 1P (=17 + (r+
o [3 Y 1) =10
=2+ p*+y) =4
2+B2+,Y2=2
Q14 (A) g . _
A(2-x,2,2), B(2,2-y,2), C(2,2,2-2), D(1 . required locusisx? +y2 + 22 =2
1111)
R o Q.17 (D)
PA={-x)I+]+k IACI=2:1al=IbI=1a - bl= 42
DB =i+(1-y)j+k la-pl=2
e 2% 2 ) fo2a)ec
D > B cosO == e N U =
9_5 b+c ‘b—ZaHb—c‘
2 2
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3-Dimensional Geometry

1

y
put al the values cos 6 = ﬁ 0.2.0 i DG 2.0)
2 v
0.2, 1)E Q’b‘
Q.18 (A) A .
required plane (x—y +2z—3) + A(4x + 3y —z—1)=0 5 o
X(4h+1) +y(3r-1) +2(2-2)— (3+2)=0...(2) COTR o
Now we can observe that from the given options z -
uation (1) can represent only (A
& @) P y(A) drsof cp ae3,2,—-1
Q1 © , —9+4-1 3 —9+4+1 2
Equation of any sphere passes through the circle x? + €c0S0; =|——=—=,C080, =|————|=—
B, 14 7 14 7
y?=4,z=0iIs
24 \v2_ A+ =
Xty —4+3z=0 9+4-1 6
cos0, = ==
2 3 14 7

A
itscentreis [01 0:—5] and radius = %4.4

2 3 6
So anglesarecos*—, cos*—, cost—
9 7 7 7

A
distance of (0, 0, _Ej fromtheplanex +2y +22= qo (B, D)
cosf =/,0,+mm,+nn,

A Dc'sof B, (bisector)
2l =
: ( ) |2 b+ 1,
Ois —_—| = 3
Vi+4+4 \/(Iil+€2)2+(m1+m2)2+(n1+n2)2
B li+74,
Y 2 I J2+2(040 5 +mm, +nyn,)
Now |1——+4 —[—j = (3)2
4 3 I e
S A=%6 J2+2cose 2cosH/2
Since centrelieson positive z-axis

S A=—6
and equation of the sphereisx?+y?+2z2—6z—-4=0 (4= 25)i +(my=my)] = (ny —ny )k
Q0 ® e
Let thepoint P(x, y, ) i
Asking minimum value of OP?
= 1" distanceof originfrom plane
Similarl m; +m, ny+n,
p p2 'MIary 2cos6/2° 2cos6/2
I — 2 — _— , .
d= /az b2+ 2 = d°= v 32 Similarly Dc'sfor bisector B,

li—ly mMp—-my, nN—nNy

Zsing Zsing Zsing
2 2 2

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q1 (A,B,C)

dr'sof OP are3,2,1 Q3 (B,
dr'sof Fg are—3,2,—1 R -3,2,6 -326
. n=t\"7 X777
dr'sof AE are—-3,2,1
— 3_X + 2_y + E: 7
7 7 7
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3-Dimensional Geometry

Q4

Q5

Q6

44

—-3X+2y+6z-49=0

3x 2y 6z
ad — -5 -7
3x—2y—6z-49=0

=7

(AD)
x-1 y+3 z+1
2 1 -2

_)
Directionof line b =(2,-1,-2)

N
(A) Normal of plane n =(2,2,1)

- b
B)b .n =2-2+4=4
— g
(Ob.n=4+2-2=4
— -
D) b.n=2+2-4=0
(A.B)

-> - -
[AR AB P]=0
X=X1 Y-Y1 Z-Z3
X2=X1 Y2-Y1 227
dy dy d3

A(Xy Y Z,)

/(dlldy d3)

B(XZI YZI ZZ)

X=X Y-Y2
or Xy —Xz2 Y1-Y2 2Z1-23(=0
dy dy d3

Z—-27Zy

(AB)

X+y+z-1=0& 4x+y—-22+2=0
putz=0

x+y=1

Ix+y=-2>x=-1,y=2

Point (-1, 2, 0)

N>

Direction =

N = =
| B o S ]
=

=1 (2-1)-] (2-9+k 1-9)

ol

S

Q.7

=37+6j-3k =-3(1-21)
Equation of linein symmetrical form

X+1 y-2 z

1 -2
(A,B,C,D)
gz—_y?}:%:r(l_et) ()

Let N(2r,—3r, 6r)
PN is perpendicular to (1)

— (2r—1)x2+(=3r=2) x (—=3) +(6r—=5)x6=0

4r-2+9r+6+36r-30=0
49r-26=0

_ 26
T

49" 49 49
-+ Equation of linePN is

(5_2 78 156)

x-1 y-2 z-5
52_1 = —78_2 = 156

49 49 49

5

P(1,2,5)

*T>

-0
— (Owill dlso satisfy

3o7]

Xx-1 y-2

3 ~ -176 -89

PQisparallel totheplane3x + 4y + 5z =

Let co-ordinate of Q are(2¢, -3¢, 6/)
Dr'sof PQare2/—-1,-3¢(—-2, 6/-5
oo 3(20-1)+4(3¢-2)+5(6¢/-5)=0
= (=32

Equation of theline PQ s
x-1 y-2 z-5
2 ~ -13/2 7 4
x-1 y-2 z-5
74 T 13 7 8
x_ Y _Z_
E—_3—6—I’ (1)

0



QS8

Q.9

N(2r, —3r, 6r)
PN, (1)
= (2r-1)x2+(3r-2)x(=3)+(6r-5)x6=0
4r—2+9r+6+36r-30=0
49r-26=0

26

T 49

52 78 156
- Nl29" 29" 19

P(12,5)

x-1 y—-2 z-5
2_1 = _78_2 = @_5
49 49 49

x-1 y-2 z-5

3 ~ -176 = -89

(A,B)

2x-3y—-7z=0
3x-14y-13z =0 obvioudy dl the three planes
8x-31ly-33z=0

pass through origin

2 -3 -7
D=3 -14 -13
8 -31 -33

= 2(462 — 403) + 3(— 99 + 104) — 7(— 93 + 112)
=118+ 15-133=0

From the theory of system of equations
D=D,=D,=D,=0

= System of equations has infinite solutions

.. hence three planesintersect in acommon line

(A,C,D)
Let a,b,c arenon coplanar
then 1 =xa+yb+z¢

n.a=0 = xa.a+ya.b+za.c=0

A.b =0 = xb.a+ybb+zb.c=0

3-Dimensional Geometry

n.c =0 = xc.a+ycbh+z¢.c=0
Since x, y, z are not all zero simultaneously

ol T !
ORI TR
oL T ol
Tl ol ol
Ol T DI
Ol 0Ol Ol

1

o

o))

Tl

<)}

=

1

o

(B) cos?(30°) + cos?(45°) + cos?y = 1

3 1
= Z+E+coszy =1 whichisnot possible

(C) Pointis (3,4, 1) sinceonly z co-ordinate changes.
Itliesonalineparallel to z axisand its distance from

zaxis=49+16 =5

(D) Obivious

(A,B)
Dr'sof OAline=a, b, c

ga® P
z

Dr'sof OB line=a, b, ¢
a b ¢
"a b ¢
LetDc'sof ABbe/, m,n
a=/r, b=mr, c=nr
a=/ua b=mr c=nr
ad +bb’'+cc =rr'(/2+ m?+n?)
aa +bb' +cc' =rr
If point B lies opposite side of origin asA
then
ad +bb' +cc' =—rr ((2+m?+1?)
aa'+bb'+cc’' =-rr’

coaa +bb' +cc’ ==+’
(A,D)

- ab=0 and(@m a.c=0
Ib| =1¢|=1b-¢l= 42
|b—¢C 2= (4/2)?

b +|¢? —2b.c =32

45



3-Dimensional Geometry

32+32- 2b.c=32 = -3i+6]-3k
= .. Drsare—1,2,-1 or
b.c=16 1,-21
- lal=2 X+y+z-1=0
- T Ix+y—-22+2=0
Ap_P_z-b-2a Putz=0
2 2 x+y=1
— Ix+y=-2
O—Q:b+c -3x=3
2 x=-1, y=2,2=0
DA Xx+1 y-2 z-0
cosd = i% (1) 1 -2 1
‘APHOQ‘ puitz=1
L Xx+y=0
 [AF] = b-2a ax+y=0f X=Y=0 & z=1
: 2
x_y _z-1
- 1/bP+41aP -4@.b) = 1V32+16 = = 1 -2 1
2 2 2 puty =1
f — X+z=0
48 = 2V3 4x—2z=-3
2X+2z=0

‘@‘ - %\/|6|2 F|CP +2b3 = %\/32+32+32

- L/96 - 2J6
? X+ 1 zZ— 1
1 - _ - _y-1. " 2
w AP.OQ = (Ib]? +b. ¢ —2a.b - 2a.c) 1 -2 1
Q.14 (B,C)
- Lia+10)=12 dr'sof lineare3,8,—5
4 d.r'sof PQare 3i +10, 8 +22,— 51 + 2

.. both are perpendidcular

12 3 1
coso = + =% =t+t— L (BA+10)3+ (8L +22) 8+ (-bA+2) (-5)=0
2J32J6 V346 2 ( )3+ ( ) 8+( ) (-5)
P(s, 7,3)
Q.12 (B,
Letapoint Q (3\ + 15, 8\ + 2,51 + 6)
PQ=(2n + 10, 8L -5, 51 + 3)
3(3% +10) +8 (8 —5) —5(-51 +3) =0 1
O\ +30+641—-40+250L-15=0 (3% + 15,80 + 29, — 5) + 2)
=3 e A=-2
35 _ .. footis(9, 13, 15), PQ=14
A= 98 — PQ=14 (B) Since (5, 7, 3), (9, 13, 15) lies on the plane
and planeequation 9x —4y —14=0 9x—-4y-z-14=0
and 3 x 9 + 8(—4) + (= 5)(=1) = 0
Q.13 (A,B,Q .. equation of the required planeis
Dr’sof theline X—-4y-2z-14=0
ij ok
=1 1 1|=i(-2-D)-j(-2-4)+k(1-4)
4 1 -2

46



Q.15
Q.16
Q.17

Comprehension # 1
©
(B)
(A)

(15t017)

Q.18

Q.19

Q.20

Let theco-ordinatesof A be (31 +3,8—A4, A +3) andthe
co-ordinatesof B be (-3u—3,2u—7,4u +6).
Thendirectionratiosof ABare 3L +3u+6, -A—2u+
15, A—4p-3

AB LL,s03(31+3u+6)—(-A—2u+15)+(A—4u-3)
=0

i.e1lx+7u=0

and AB L L, s0—3(3A +3u+6) + 2(-A—2u + 15) + 4(A
—41-3)=0

i.e—7A—-29u=0

=A=pn=0

sothepoint A is(3,8, 3) andthepoint B is(-3,—7, 6)

- AB=4/36+225+9 =270 =3,/30

Comprehension # 2
(B)
The equation of any plane through
theintersection of P, and P, is

P,+1P,=0

= (X=y+z-2)+h (X+2y-z-3)=0 ...(i)
Since, it passesthrough (3, 2, 1), then
(6-2+1-2)+1(3+4-1)=0
sAa==1
FromEq. (i),
Xx=3y+2z+1=0
whichistherequired plane.

©

The equation of any plane

through (-1, 3, 2) is
ax=1)+b(y-3)+c(z—2)=0...(ii)

If this plane (ii) is perpendicular to P, then
2a-b+c=0 (i)
FromEgs. (i) and (iii), we get

a b c

-1 3 5

Substituting these proportionate values of
a, b, cinEq. (ii),

we get the required equation as
—(xX+1)+3(y-3)+5z-2)=0

or x—3y—-5z+20=0

(A)

The given planes can be written as
—2X+y—-z+2=0and—x-2y+z+3=0
Here, (- 2)(- DHL) (- 2)+(-1)(1) =-1<0
Equation of bisectors

(—2x+y—z+2)_+(—x—2y+z+3)
J@4+1+1) V14441

Q.21

Q.22

Q.23

Q.24

Q.25

3-Dimensional Geometry

Acute angle bisector is
(-2X+y—z+2)=(—x-=2y+z+3)
= X-=3y+2s+1=0

Comprehension # 3
(B)
Equation of the second planeis—x +2y -3z+5=0
2(-1)+3.2+(-4)(-3)>0
.. Oliesin obtuse angle.
(2%x1+3(2)—4%x3+7)(-1+2(-2)—3x3+5)
=(2-6-12+7)(-1-4-9+5)>0
.. Pliesin obtuse angle.

©

1x2+2%x1-3%x3<0

.. Oliesinacuteangle.
Als0(2+2(-1)-3(2) +5) (2x2-1+3x2+1)
=(-1) (10)<0

.. Pliesin obtuse angle.

(A)

1-4-9<0

.. Oliesinacuteangle.

Further
(1+4-6+2)(1-4+6+7)>0
.. Thepoint Pliesin acute angle.

(A= (), (B) > (9. (C) > (a). (D)~ (p)

3 -1 1
A)y=0, 2220 —r=—=
(A)y 1 3

(B)x+3y—4z=-6

X,y .7 g
-6 -2 3/2
3 13

—6-2+ —=-"

Algebraic sum of intercept > >

6+4-10
5v2.3

(D)Let AL +1,40+3,31+2)

(2 +1-3).3+(4L+3-8).2+(3L+2-2)(-2)=0
6L—6+8L—10-61=0

r=2

A5, 11,8)

(C) cosb =

L AP= (22 +(3)2 +(6)% =7

(A)-R;(B) Q;(C)-S,P
() +(-1) (-2)+(2)(6)=20>0

(2x -y +2z+3)
J2)7 + (-1)2 + (22

.. Bisectors are

47



3-Dimensional Geometry

Q.26

48

(3x -2y +6z+8)
=4+
"B +(=2)7 +(6)°

=+ 3(3x -2y + 62+ 8)
.. Acute angle bisector is
T(2x—y+2z2+3)=-3(3x—2y + 62 + 8)
=  23x — 13y + 32z + 45 = 0 and Obtuse angle
bisector is
7(2x—y+2z+3)=3(3x —2y + 62 + 8)
= 5x-y-4z-3=0
A:23x—-13y+322+45=0
and O:5x-y—-4z-3=0
(B) The Give planes can be written as
—X+2y—-2z+3=0and2x—-3y +6z+6z2+8=0
T ED@+ Q) =3)+(=2) (6)
=-2-6-12=-20<0
Bisectors are,

or 7(2x—y+2s+3)

(—x+2y-2z+3) 4 (2x -3y +62+8)

JED2+ @22+ (=22 2% +(=3)2 +(6)?

= 7 (— x+2y—2z+3)=+ 3(2x — 3y + 6z + 8)

. Acutsangle bisector is7 (—x + 2y — 2z + 8) = 3(2x
—3y+6z+38)

= 13x — 23y + 32z +3 = 0 and obtuse bisector is

7 (— X+2y—22+3) = - 3(2x — 3y + 62 + 8)
=X-5y-4z-45=0

= .. A:13x—-23y+32z+3=0

(C) The given planes can be written as

2x +y —2z + 3=0 and — 6x — 2y+2z +8=0

v D6+ (2 + (-2 (3=20<0

(2x+y-2z+3)
V@)% +(1)% +(-2)%)

Bisectors are

., (-6x -2y +3z + 8)
T K(-6)? + (<22 + (30}

= 7(2x +y — 2z + 3)=* 3(—6x—2y+ 3z+8)
Acute angle bisector is 7(2x +y —2x + 3) = 3(—
6x —2y + 3z + 8)
= 32x + 13y —23z -3 =0 and obtuse bisector is 7
(2x+y—2x+3)
=—3(-6x—2y +3z+8)
= 4x-y+52-45=0
A:32x+ 13y —23z—-3=0and
O:4x-y+52-45=0
(A) = (p), (B) > (a), (C) = (1), (D) > (9)
A)o-1=2A=a=20+1
B-3=—A=>B=—-A1+3
y—4=-A=>y=-A+4

—> 2x—-y+z=3

220+ D) - (-1 +3)+(-1+4) =3
4Hh=0=1r=0

oa=1, =3 v=4

.. distance=0 (- given point lies on the plane)
(B) Common normal

3

ar
Ty i)k
(2.4,5)",
il ok
2 3 4 =i(15-16)—i(10-12) +k(8 - 9)
3 45

= ie2j-k

SD = projection of +i+2j+2k on

... |-1v4-2] 1
—i+2i-k =Iac1 Ve
-4 5 k+
©1]3 10 5 |=0
4 6 2

—4(20—30) —5(6—20) + (k + 1) (18—40)=0

40+70-22(k+1)=0 =k=4
(D) Verticesof thetetrahedronare (0, 0, 0), (6, 0, 0), (O,
—-4,0),(0,0,3)

1
.. Volume= E =12

© o o o
=
I

w o o o

[ e



NUMERCIAL VALUE BASED

Q.1

Q.2

Q3

Q4

6l
X-2 y+1 z+1

= da+b+c=0..()

a b
i 0k
2x+y=0=x-y+z =12 1 0
1 -11

=i1-0)-j(2-0)+k(-2-1) = i-2j-3k

a—-2b-3c=0 . (i)
From(i) & (ii)
4a+b+c=0 =a-2b-3c=0
a b c a b C

= 7342 1+12 -8-1 " -1 13 9
equation of theline

X-2 y+1 z+1 3-2 a+l pB+1
1 13 -9 1 T 13 T 9

—a=-14 andp=8= |a+p|=6.

(4]

L X+4 y+6 z-1
3 5

=2x+3y+4z-k

Any point onthefirstlineis(3r—4,5r—6,—2r + 1)

As lines are coplanar therefore this point must lie on

both the planes representing the second line

3(Br—4)-2(5r—6) +(—2r+1)+5=0

= r=2

and 2(3r—4)+3(5r—6)+4(-2r+1)—k=0

= k=4

(32

Since3(2) +4(-3) +6(1) =0 and 3(1) + 4(2) + 6(-3) +

7=0

5 =r;L,: 3x-2y+z+5=0

. x-1 y-2 z+3
the line > T 3 °
plane3x +4y +6z+7=0.
In the new position again the line lies in the plane.
Let the equation of the new position of the plane
beax +by + cz=0,then2a-3b+c=0anda+ 2b
-3c=0

lies in the

a b ¢
9-2  1+6 4+3
equation of therequired planeisx+y+z=0

i.e.a=b=c

(27]

Sincetetrahedronisregular AB=BC=AC=DCand
angle between two adjcant side = n/3

consider planesABD and DBC vector, normal to plane

ABDis= 3xp
vector, normal toplaneDBCis= p x ¢ anglebetween
these planesis angle

Q.5

Q.6

3-Dimensional Geometry
between vectors (axb) & (bx¢)

(axb).(bxc)

= €0s0= S
‘abubxé‘
Leflael
SEIENE

Since acute angle is required 6 = cos‘l(%j
= sech =3 = sec®0 =27

[17]
circum-radius = distance of circum centre from any of
the vertex

. a+b+¢
= distance of +4+

from vertex D (0)

[tetrahedron is regular]

NI

1. - -
Circumradius =Z‘a+ b+ c‘ =

J/a2 +b? + G2 + 2(ab +b.C + C.4)

2 2 2
1\/k2 +k? +k? +2(k—+k—+k—]
4 2

2 2
1 3
= — 2 = —k
4 VoK 8
Tl LR_k R_ﬁk&
R 3 '3 Jaza ~~ \s
k 5 5
r=—— =>R+r2=—k
J24 12
= minimumvalue of p+q=17
[13]

N3% +47% +12%2 =13

49



3-Dimensional Geometry

Q.7

QS8

50

(11]

lal=|b|=|¢|=|a-b|=|c-

o
I
o
o
i
®

—

D (0)
2
AN
A /"(C)

B(D)

On solving we get

_ - . - . _a - ~ -
a.b=b.c=a.0=7:|a|=|b|=|c|=a

] areaofACEF— = |CE><CF|

I'I'I
I
VR

)
|y,
N—

R0
'I'I
7\
w| o

‘ (axb)+§(0xa)+ (b><C)

CTI

Lo; b|sin
= 1= 1al|b|

9]

V4
y+——l
b c
Now d = distance of the plane from origin O =

1 1 1 1 1

e
\/1+1 1 d® & b
a® b® c?

and m=0OM = /a2 4 h? 4 ¢?

m\? (1,11
So q =(@+b?+c? —2 b—"'? =3+
a’? b? b> ¢? c?
F+¥ + ?JFF + ?+

2
= Dy =3+6=9
d Min

X
Equation of the plane ABC will be g+

a2,

Q.9

Q.10

By using A.M.—H. M. inequality, we get

a®+b%+c? . 3
3 — 1 1 1
a’ b®> ¢

1 1 1
—+—=+— |29
(az b? czj
1 1 1

Hence (&2 +b?+c?) (— —+—J =9
a2 b2 CZ minimum

= (@+b*+c?)

N

[240]

1
Volume(V) = 2 Arhy =nh-= A_1

VooV 3V
ly hp="a7 . hy="p andh, =757
So (A +A,+A;+A)(h, +h,+h;+h,)=
3V 3V 3V 3V
—t—t—
A A, A3 Ay
=3V(A +A,+A+A)

1 1 1 1
—t—t—+—
AL A, Az Ay
Now usingA.M.-H.M inequdity inA;, A,, A, A, we
get

A1+A2+A3+A4> 4
4 (1 1 1 1
— 4+
Al A, Az Ay

1.1 1 1
= (AFALFAA ) A_1+A_2+A_3 A4 >16

(AL +A,+A +A4)(

Hence the minimum value of
(A +A+A+A ) (h +h,+h+h,) = 3V (16)

=48V =48 x 5 =240 Ans.

[3]

Let position vector of A, B, C be a, b, c
respectively.

2a+50+10C =0 ......(J)
Taking cross product with El in(i)

0+5axb +10axc =0



Q.U

Q.12

B(b)
= axb=2cxa
Taking cross product with E: in (i)
2axC +5bxC +0=0

= bxc=—=cxa

[GENN

_ Areaof AABC
t= Areaof AAOC

1ax5+5xa+ax%
2
1

2E><5‘

2exat Zexas oxa
5 7
5

axa\
|t]=3

9]

x+2 y-3 z-Kk

1 2 3
forA,A=2

=) = (L—2,2.+3,31+K)

k
A0, 7,6+K) =for B 2=-7

:B[—Z—E, 3—2—k,0j
3 3

/AOB=90°= AO.OB =0

9
37(—3+2?kj =0 ork=532k=9

[34]

P=xi+yj v AP =(x=D)i+yj
; Bp =(X+1)i+yj

PA-PE=X-1+Y" i OA-OB=-1

Now (PAPB)+3 (OA.OB)=0
=>Xx*+y*-4=0 =>X2+y?’=4

Q.13

Q.14

3-Dimensional Geometry

IPA|IPB|= (x-1)%+y2 (x+1)% +y?
= J5-2x+4/5+2x
|PA | |PB|= 25— 4x2

Now fromx2+y?=4
y=2sno

|ﬁ||£|=v25—16cosze ;
|PA||PB = +/25 =M

|PA||PB|,,= 9 =m;M2+nm?=25+9=34

put x=2cos6

(2]

The planes are
y+z=0

-1.1.1) (1,1,-1)

(1,-1,1)

z+x=0

x+y=0
X+y+z=1
Solving above equations we get vertices of the
tetrahedron as (0,0,0), (-1,1,1), (1,-1,1) and (1,1,-1)

-1 1 1
. Required volume= 1 11
1 1 -1

02 1

b oo 1222222 452,

~ |6 6 3 T3 7%
00 -1

[4]

X _y_z-¢_

LG p= g =

g . X _Y_z+c _

T el

Dr's of AB are —a/, br, —cr —c/ + 2¢

= AB is perpendicular to both the lines
. 0(=al) +b. br+ (=) (~cr—c/+2c)=0

= (2+c)r+c =2¢ ...(

and a(-al) +O(br) + c(—cr—c/+2c)=0

= —(a@+c)l—-cr+2c*=0
(@+c)l+cr=2c2 ... 2

51



3-Dimensional Geometry
from (1) & (2)

2b?c?

222
. . a“c

a%b? +b?%c? +c%a? "’

Alo 2a’bc? c a?b? +b?%c? —c%a?
"a?b? +b%c? +c?a?’ | a%b? +b%c? +c%a?
(0,0,¢)
A(0,br,—cr+c)
/
B(a#,0 ,ci—c)
(0,0,—c)
8 2ab’c? c b?c? —a%b? —c?a?
a?h? +b%c?+c%a?’ ' | a%? +b2c? +c2a?

4a%p*c?
~ (a%b? +b%c? +c2a?)?

d2

4a*b?c? 4c?(a’b?)

a’b? +b?c? +c%a?

)

+ +
(@’b? +b%c? +c%a®)?  (a’h? +b%c? +c?a?)?

4 (a’b? +b%c? +c%a?)?

d®> ~ a%*c* +a’b%c? +a*b?c?

a%b? +b?c? +c%a? 4 1 1 1
- a’b?c? @7 a2 o 2
JEE-MAIN
PREVIOUS YEAR'S
Q1 @
12Z+m?+n?=1
) 1
sLo2nf=l=n=%+ \/E
S P+Em —E&I+m—\/§
1o, 1
= 5 -2Im=7
= Im=0 or m=0
1 1
I=0,m= > or I'\/i
1 1

1 1
<O,\/§,\/§> or <\/§,0,\/§>

1
=0+0+ - =—
cosaa=0+0 5 5

52

Q.2

Q3

Q.4

1
sinfa +costa=1- < sin? (2u)

2
1 3_5
Tt 274 "8
(1)
i)k
n=t 172 _-5i 443k
12 1
p
0
0
T

Required planeis: 5(x—2) +(y—1) +3(z—3)=0
i.e.bx+y+3z=20

OF = Ja+1+0= &
OF =2i -]

10-1

] |9
Sme:|«/§«/2_5+1+9| = 5\/7

Projection = /5 x cos 6
1 \/@ \/@
= U5 X Tl =A==
5\V7 35
@

Plane passing through intersection of planeis
{7-(+i+k)=-1+Mr7.(j-2])+2 =0
Passes through | + 2, we get

B-1)+r(L+2)=0 = r=-

3

Hence, equation of planeis  3{.(; +j + k) -1} -
2{7.({ -2))+2 =0

= 7.(;+7]+3k)=7

(3)

P,:x-5y+7z=3

P,:4x—20y+21z=10

Pyix—=5y+7z=5
P, and P, are parallel as dr's of normal are same



Q.5

Q6

Q.7

AB =0
A—4+24+2=0
E=4+8-4=8

=>A=-22

(4
x-1_y-0_z+1_ —2(-6) 12 4

4 5 2 16+25+4 45 15
x—le =3—1

15 15
yo 4

3
z+1:E:z:—l

15 15

31 4 7

BEC RS AT

31 4 7

15(a+B+y):(1—5—§—Ej 5=4

@

Let DR’sof linearea,b,c
.. atr2b+c=0
O.at+b+2c=0

a b c

3 2 1
Pointsonthelineis(-2, 4, 0)

. ati f li i X;z—_—_—]_
~oequatonor lienis 3 2 1

P(3,4,1)

Q

PointsQonthelienis(3A—2,—2\+4, 1)

DR's of PQ; 3x-5, -2\, A-1

DR'sof ylinesare 3, -2, 1

SincePQ | line= 3(3\-5)-2(-20)+1(A—-1)=0

8

= 14)-16 = =7
1012 8
o777

Q.8

Q9

Q.10

3-Dimensional Geometry

1 - 2 T 2 ~*

=>X=A+3,y=204,z=20L+5
Which lies on given plane hence
SA+3+2L+4+20+5=17

A= =1
=>r=g =

Hence, point of intersectionisQ (4,6,7)
.. Required distance= PQ

=,9+25+4
:\/@

@

N W —»

Normal vector of required planeis p =

={-11-§ 17}
+11(x-1) +(y—2)+17(z+3)=0
11x+y+172+38=0

@

A(a—2a,3) B(0,4,5)
0 o
Q:I—."' y IXx+my+nz=0
(Oﬁfaafl)
. m 1
Cliesonplane= -ma-n=0= Y = P

a|\lf+mj+ni<
a-0 -a 4 m a
—_——_— e — -

I m n n 4
From(2) & (2)
1 -a

=2 a=4=a=2 (sincea>0)

a 4

F 2 m_-

rom (2) 0o
Letm=-t = n=2t

2 -2
—=—=1=t

I -t
Soplane:t(x -y +22) =0

o R =
PN o



3-Dimensional Geometry

Q.u

Q.12

54

=75 C=(0,-2,-1)

cD=+/BC?-BD?
=$ﬁ+§+§p@@f
e

)

B(2,4-3)
A(-3-6,1)

PointCis
[2k—3 4k —6 —3k+1j

k+1 ' k+1 ' k+1
X-1 y+4 z+2

-1 2 3
Planelx +my +nz=0
[(-1)+m(2)+n(3)=0
-1+2m+3n=0 ... @
It also satisfy point (1, —4, —2)
[-4m-2n=0 .. 2
Solving (1) and (2)
2m+3n=4m+2n
In=2m
| —4m—-4m=0
[ =8m
m
1

! n
8 2
[:m:n=8:1:2
Planeis8x +y+2z2=0
It will satisfy point C

2k -3 4k -6 -3k +1
8 + +2

k+1 k+1 k +1
16k — 24+ 4k -6-6k+2=0
14k =28 .. k=2

(3]

Plane passing through (42, 0, 0), (0, 42, 0),

(0,0, 42)

From intercept from, equation of planeis

X+y+z=42

=>xX-11)+(y—-19+(z-12)=0
leta=x—-11,b=y—-19,c=2z-12

a+b+c=0

Q.13

Q.14

Now, givenexpressionis

a b c 42
ot 2ot o
b’c® a’c® ab® 14abc
a®+b*+c®—3abc
" a’b?c?
Ifa+b+c=0

= a+bs+c3=3abc
=3

3+

3

2
(3,5,7) setisfy thelineL , :

3-a 5-2 7-b
¢ 3 4

‘ w

_a=1 &
a+1=3 ..(1) & b=3
Vi=<4,38>-<357>

ﬂ:l
4

~

Vi=<1-2,1>
V, =< 0,3,4>

Vi-Vo=0=/(-6+4=0=/(=2

a+l=3=a=1
x=1 y-2 z-3
12 3 4
X=2 y-4 z-5
LT T
A=<1,2 3>
B=<24,5>
AB=<122>

E)z2f+3]+4k
:3f+4j+51<

g

pxg=-i+2j-k

AB-(px0)
pxq|

Shortest distance =

—

ITxa=bx? = TIx(@+b)=0
T

?-(af+25+1<):3
Put ¥ from (1) gr=1
T (2i+5j—ak)=-1

(2

(3+b) = F=Mi+2j-3k+2i-3]j+5Kk)
i i2 (1)

(2)



3-Dimensional Geometry

Put t from (1) 2ha—-A =1 (3 - —3i+0jA+Ak
Solve (2) & (3) S0,(-3) (x-1) +0(y-2) +(1) (z-3) =0
a=1xr=1 —-3x+2z=0
=>71r=3i—-j+2k Option4
) _ Alternate :
f°=14 & o =1 Required planeis
2
a+[f" =15 Xy z
5 (2 0 1 0=0
5> —=3x-z=0
LA /(1,2,3)
4 r Q.17 [4]
N ///,‘Q Required planeis
<4 / PL+Ap, = (2+3) X— (7 +50) y
Q +(4+4)z-3+110=0;
which issatisfied by (=2, 1, 3).
_ = 1
x+2y—-3z+10=0 Hence, A = S
( 3 “m 1 J Thus, planeis15x —47y + 282—-7=0
DCof line= ' ) So,2a+b+c-7=4
Jym2+10 Ym? +10 Ym?+10
( N 3r L N r ] Q18 (2) i1 3 742
=| +—F7/— - _ + - +
Q Vm?+10 Jm?+10  Jm?+10 Line > :yl )
Qliesonx+2y—3z+10=0
P (2,31)
e 42 g 3 100
\/m2+10 \/m2 +10 \/m2 +10 M
r
— (3-2m-3)=2 (2h—1, A+ 3—1—2)
=~ Jm?+10
r
' (2m)=2 L
= Jm?+10 PM = (21 —3, A, —A —3)
rzmz=mgz+ 10 WJ_(ZiAﬂ'\—II\()
5
§m2=m2+10:>§m2=10:>m2=4 47\.—6+7\.+?\,+3:O:>7\.:1
Imj =2 M ( 7 —5)
Q.16 (4) 22
. Reflection (-2, 4, —6)
~ x-2 y-1 z+1
(0,0,0) J Plane: =0
4 -3 5
= (x=2) (-10+3)—(y—-1) (15-4) +(z+ 1) (1) =0
A =  7x+14-1ly+11-2z-1=0
(i +2] +3Kk) =  Ix+1ly+z=24
s e a=7,p=11,y=1
n=jx(i+2j+3k) o+p+y=19 Option (2)
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3-Dimensional Geometry

Q.19 [0]

1

<L

2

+Lj +z(1 "
02 Ty 2 24+

Let point P is (a, B, 7)

(oc+[3+yj2+[ Lo —ny JZ +(oc—2[3+yj2 9
J3 N2 +n? N3

Locusis
(X+y+2)?® (Ix-nz)? (x-2y+2)*
LT E—— =9
3 £°+n 6

Sinceitsgiventhat x2+y?+22=9
After solving | = n

Q.20 [28]

iP(4,-3,1)

M(3,0,/2)

02,3, 5)
Planeis1(x—-3)-3(y-0)+3(z+2)=0
X—-3y+3z+3=0
@+P+ct+d) =

Q.21 [4]

Let planeisx—2y +2z+ 1 =0
distancefrom (1,2,3) =1

n+3
:> ——
B

=1=>A1=0-6

=a=1b=-2,c=2,d=—60r0
b-d=4o0or—2,c—a=1

=k=40r-2
Q.22 [1]
P(1,3,2)
ol )
T
1
N
R
Q=3,5,2)

56

plane=2x-y+z=Db

=[_L4a+2

[
> j—>onpane
a+2

044 2%
T

J+2zx(1—%}9:o
2 /°+n

Q.23

Q.24
Q.25

Q.26
Q.27
Q.28
Q.29
Q.30
Q.31
Q.32
Q.33
Q.34

Q.35

= a+2=2b+12=a=2b+10..()
<PQ>=<4,-2 a-2>

2_ -1 1

"4 2 a-2
= a-2=2=>a=4,b=-3
~la+b]=

[38]
Xx-1 y+6 z+5

Equation of planeis 3 4 2 |=0

4 -3 7

Now (1, -1, o) liesonit so
0 5 o+5
3 4 2 1-0-5¢+38=0= [5a|=
4 -3 7

(2)

(1)

)

(1

@

(3

(4)

(7

(6l

(1)

@

@

P, :x-2y—-2z+1=0

P,:2x—3y—6z+1=0

|x -2y — 2z+1| |2x -3y —6z+1

| Vi+4+4 | |2 +32+6 |

x—2y—22+1_+2x—3y—6z+1

3 - 7

Sinceaa, +bb,+cc,=20>0

.. Negative sign will give acute bisector
7x—14y—14z7+7=—[6x—9y—187+ 3]
=13x—-23y—-32z+10=0

(20 2) satisfy it .. Ans(2)



3-Dimensional Geometry

2 2
Q3% O . [i_§) +i+(£§_2j
3 2) 9 (3 2
Q37 (9
- (1.4, 1
Q38 [7] “\36 9 36
Q39 (@ _ i+i 9 _ 1
“V18 9 V18 2
Q.40 [61]
Q41 (3 02 @)
Equation of required plane
Q.42  [96] (X+2y+32-2)+Mx—-y+2z-3)=0
= (1+0)x+(2-L)y+(B+N)z—(2+31)=0
Q43 distancefrom point (3, 1,— 1)
Q44  [26] 3+30+2-1-3-1-2-31 2
045 @ TlJar @02 +@e02 | T B
Q46 (4 -2\ 2
T2 ians1a| T B
Q47 (1)
=32=3\2+4\L+ 14
Q48 (4 7
:>7\.:—E
Q.49 4 equation of required plane
5x—-11ly+z-17=0
JEE-ADVANCED
PREVIOUS YEAR’S Q3 (BO
Q1 (A For co-planer lines[A—¢ b d] =0
-2 -3 -5 ~ .
LetP=(2+X,3+4)1,5+1) b = 2i +Kkj+ 2k d = 5i+2] +kk
10+51—12-161L-5-1=1
—7-120=1 200
2 Now [ K 4 =0=  k=x2
:X—? 5 2 k
4 1 13 n,=byxd, = 6j—6k fork=2
thean[gygv?j 1= byxd; = 6] -6k

f, =b,xd, =14j+14k fork=-2
Let S=(2+1,3+4u,5+4) 2 = by xd, = 14] +14k
so the equation of planesare (F —a)f, =0 =y -2

- 2 2 "

TS = (Wi+(4u+2)j+(u+Dk =1 . )

TS .(i+4j+K) =0 (F-ai, -0 =y+z=-1 ...
u+16u+8+p+1=0 so answer is (B,C)
uz_% Q4 (D)

An ointonlineiz-y—ﬂ-z-k

S_[glgj P 2~ -1 3
“\2 2 Let any two points on thisline are

57



3-Dimensional Geometry

Q.4

58

A(-2,-1,0),B(0,-2,3) Put Q5 (A,D)
(#=0,1) X-=5 -y z
Let foot of perpendicular fromA(—2,-1, 0) on plane —= =—
st B, ) 0 o3 2
a+2 P+1 PB-0 Xz _y __ 2
1 1 0 1 THew) 0 -1 2-a
Also,a +B+y=3 5—-a 0 0
SU-2+u-1+p=3=pu=2
—~M(0,1,2) 0 3-a -21_4
Similarly foot of perpendicular fromB(0,—2, 3) on 0 -1 2-«a
_ 2 -4 11 (5-a)(B-0) (2-a)-2)=0
planeisN 373 '3 (0?>-5a0+6-2)=0
(=5)(a>=5a.+4)=0
. . x-0 _y-1 z-2 a=1,4,5
So, equation of MN is 5 = -7 =5 -
3 3 3 Q6 ()
(B,D) L - x-1_y _z+3
Let equation of line 7 is 2 -1 1
-0 y-0 z-0 s A
. Xa = yb = ZC =k l J K
Thisline ¢ is perpendicular to givenline 7, and .. Normal of pIaneP:n:; ; 26
B ~
A =i (-16)— j(-42-6)+ k (32)
2 N ~ ~
! =-16i +48j + 32k
Hencea+2b+2c=0 e A A
2a+2b+c=0 =>n=i-3j-2k
a b ¢ Point of intersectionof L, and L,
L - 2k, +1=k,+4
-2 3 -2 &, =k,~3
1=3k,-2
X z
Hence equation of / is _—Z:é:_—zzkl, K, k2=12
1y Point of intersection (5, -2, —1)
for ¢ for ¢ Plane(x-5)-3(y+7)-2(z+1)=0
1 2 X-3y—-22-5-6-2=0
NowA(—2k,, 3k, —2K,) B(-2k,, 3k,,—2k) X—3y—27 =13

Point A satisfied ¢,
2k, i+ 3k, j -2 k=@+OT +(-1+2)] +(4+

= a=1,b=3,c=-2,d=13

. Q7 (©

2t k Lineis
3+t==2k, .. @
1+2t=3k, e © x-0 _y-0_2z-0__ M
4+2t=2k, e ©) 1 1 1~
(& (3)-5=5k, =k =-1=A(2,-3,2 Q(a,0,1)
Letany pointon /,(3+2S,3+2S,2+YS) Directionratio of PQ are

. A—o,A—a,A—1
Given \/(1+ 2S)° +(6+2S)° +(Sy’ =417 Since PQisperpendicular to (1)
O +28S+37=17 SLA—a+A—a+0=0
92 +28S+20=0 A=a
9%+ 18S+10S+20=0 .. Direction ratio of PQ are
95(S+2)+10(S+2)=0 0,0,A-1
S=-2,-10/9

Hence (<1, -1, 0) , (7/9, 7/9, 8/9)



Q.8

Q.9

Q.10

.. x=0 _y-0 _
Another lineis 1 -1 " o =B ... 2

R(_BIBI_]-)

.. Directionratioof PRareA + 3, A—p,A+1

Since PQ is perpendicular to (ii)
S—A—B+A-B=0

p=0

. R(0,0,-1) and Directionratio of PQarei, A, A +1
SincePQ L PR

S 0+0+A2-1=0=>A1=+1=B,C

For A =1thepointisonthelinesoit will berejected.
=Ar=-1

(B.D)
LetP,beP,+\P =0=
Distancefrom (0, 1,0)is1

0+A+0-1
T V1+A% 41

1
=2
- Equation of P,is2x -y +2z2-2 =0
Dist.from(a., B,v) is3
200-B+2y-2

3

.. option (B, D) arecorrect.

X+Ay+z—-1=0

=11

=2 S 20-B+2y=2+6

(A.B)
Let y bethevector along L

k

=i -3j-5k
1

b =

i
then y = ;

Soany pointonlineL isA(A,—3),-5)\)

Foot of perpendicular fromA to P, is

h-A _ k=31 _ ¢+5L _ (A-61+51+1)
I T 1+4+1

1
6
h=h-= k=—Bh— (=5 + =
et T T3 T T e

1 1 1
is|A—=,-3L—=,-BA+=
sofootls( 6 3 6] So (A, B)

(€

Image of point (3, 1, 7) inplane(x -y +z=3) isP

X-3 y-1_ z—7__2 3-1+7-3 __4
1 -1 1 1+1+1

SoPis(-1, 5, 3)

Q.11

Q.12

Q.13

3-Dimensional Geometry
Equation of plane through P and containing the line

Xy z.

ax+by+cz=0
a+2b+c=0
—-a+5b+3c=0
X Yy z
Sl 2 1=0
-1 5 3

= X—4y+7z=0

(A,CD)

2 _8m
3 3

S—X:s—y:s—z:

4 3 2

= S:9/l l ‘= rs

wA?=s(s-x)(s-y)(s-2) =>1=1

s=9andsidesare5, 6and 7.

ol

Also

242
=9x \/5 —6\/6
Xyz 35
4R 46

r= 4Rsin£sinisinE
2 2 2

. X .Y . Z 4
= sn—sn—sn=-—=—=—
2 2 2 4R 35

sn2[Z_Z =1(1+cosZ) cosz=1
2) 2 5

2
Hence, (a, ¢, d)
D)
Let plane be
ax—1) +b(y-1)+c(z-1)=0
Now, direction ration of its normal
]k

=2 1 -2/=i(-14)-](2)+k(-15)
3 6 -2

So, -14(x-1)-2(y—-1)-15(z-1)=0
14x + 2y + 152 = 31

(C.D)

D.C. of lineof intersection (a, b, )

= 2a+b-c=0

a+2b+c=0
59



3-Dimensional Geometry

Q.14

Q.15

60

a b ¢
1+2 -1-2 4-1

3x—4_1—3y_5
B~ =9 "3

Xx-4/3_y-1/3_ z
- 3 3 3

= linesareparalldl.
(© Acute angle between

V66

3 1
= cosl(gj = cos? [EJ = 60°

(D) Planeisgivenby (x—4)—(y—2) +(z+2)=0
= Xx-y+z=0

2x1+1x2-1x1
P andP,=cos*| — = 7=

' 2-1+1 2
Distanceof (2, 1, 1) fromplane= — =~ ="

&

R(a.pB,—)
Now, PQIIi+j= (o +Bi)ll(i+])
=ao=p
Also, mid point of PQ lies on the plane

p

:>g+—:3:>a+[3:6:>0c=3
2 2

Now, distance of point Pfrom X-axisis /p? +y? =5
=>p+y°=25=7°=16

asf=a=3

as y=4

Hence, PR=2y=8

(A,B,D)

PointsonL and L, arerespectively A (1-2, 2A, 21) and
B(2u, —p, 2p)

So, AB =(u+ A -1 +(-p—-2)] +(2u-21)
and vector along their shortest distance= 2 + 2j—K .

2u+i-1 -pu—-20 2u-2
2 2 -1

Hence,

Q.16

Q.17

Q.18

2
9

U
>
Il
Ol
o
-

822 4.214
Hence A= 9’9’9 andB= 9 9’9

ominerno= 5.5
= Mid point of AB = 3'7'3
34
LetP(2,0,0),Q(0, 1, 1), R(1,1,v) bepoints. L, L, and L,
respectively
SinceP, Q, R, arecollinear, pg iscollinear with QR
A op 1
Hence 1 _1—H__V—1
For every un e R—{0,1} thereexistuniquei,v € R

(A.B)
Point of intersectionof L, & L, is(1,0, 1)
LineL passesthrough (1,0, 1)
l-a 1 1-vy
. TmT 2 (1)
acute angle bisector of L, & L,

Vi1

?:f+l2+t(f+]—2|2)

?=i+|~(+}{l—]+3k—3l—j+kj

jf:m:__z =/(=m=1
1 1 -2
1-a
From (1) T=—1 =a=2
1-—
&_—z’yz—l = y:_]_
(A,B,C)
F:(l,O,—l)
R
»
P, 2,-1)

Rismid point of PQ
.. R(2,1,-1) anditlieson plane
equation of planeisaatpy+yz=6
w2043+ = . 1)
Normal vector to planeis



Q.19

Q.20

19& 20

A=2i+2j

|2

_Ezlzk
2 2 0
. a=2k,p=2k,y=0 .. 2
ando+y=1(given) .. 3
from(2) and (3)
a=1, =1, y=0

and from (1)
2(1)+1-0=3

3=3

Now :

a+p=2

o—y=3

o+p=4

s0, A,B,C are correct.

[1.00]

[1.50]

7X+8y+9z—(y—1)=A(4x +5y +62—p) +
B(x+2y +3z—0a)

X:7=4A+B

y:8=5A+2B

A=2B=-1

congt. term: —(y—1) =—Af—-aB = —y —-1)
EZB +

o—2B+y=1

a 2 vy
M={B 1 0 —q—2p+y=1

-1 01
PlaneP:x—-2y+z=1

©

3
Perpendicular distance= \/6‘= P=D=P= 621'5

3-Dimensional Geometry

61



3-Dimensional Geometry

| EXERCISES |

ELEMENTARY
0 -1|0 -1 -1 0
i VS I s !
2 0 -1 1
2A +2B = ) 2 A-2B= 0 -1 Therefore
8
11 A16:(A2)8:|:_1 O:| :|:(_1)8 0 :|
8
On adding, we get 3A:{2 J 0 -1 0 (-1
10
I
=A= 01
2/3 1/3
Q.6 (3)
Qz (3 Given AB=A, .. B=| =BA=B, . A=l
cosa. —Sina || cosp —sinf Hence, A2=A and B2=B.
Clearly, AB=I g cosa sinp  cosp
_ Q.7 (1)
_{COS(OL+B) —sn(a+B)}_BA _ 3
sn(a+p)  cos(a+p) (verify). 71 2),| [
9 2 1| | |40;
Q3 >
2 2|1 2 00
(A—2|)(A—3|){ H }:{ }:o 12"
-1 -1||-1 -2 00 1 40 4 44
Q4 (4 Q.8 (2)
1 2 1 0 -1 2
A=0 1 -1 A'=|1 0 -5|=-A
3 -1 1 -2 5 0
1 2 141 2 1
.9 4
A’=AA=/0 1 -1{/0 1 -1 Q )
3 -1 13 1 1 123
Matrix 456 be non singular,
4 3 0 3 A 5
(-3 2 -2
6 4 5 123
1 2 14 3 O 4 11 1 ony it :i gio
A.A% = 1 1|3 2 -2|=|-9 -2 7
0 3 9 = 1(25-6)) — 2(20—18) + 3(4A —15) = 0
3 -1 1|6 4 5 21 11 7
= 25-6A-4+120.-45%#0
= A*-3A*-A+9,=0 =>6L-2420=> L=4
Q5 (4
0 1 Q.10 (2
Given, Matrix A=L 0} Lo 2t
We know that AB= 32
2 1 3 11

62



Q.11

Q.12

Q.13

Q.14

Q.15

{—3 —2} . {—3 10}
AB = = (AB)' =
10 7 -2 7

(3)

(A_AT)T :AT _(AT)T
AT-A [ (AT =A] = ~(A-AT)
S0, A_AT isaskew symmetric matrix

(2)

In A~ the element of 2nd row and 3rd column is the

C,, element of the matrix (c;) of cofactors of

element of A, (due to transposition) divided by

A=|A|=-2 .

DMy (D),
-2 -2 ’

11
where M, =minor of c,, inA= {2 0}20—22—2

.. Required element =

(1)
Since A is symmetric, therefore o™ — A

Now (A")" = (AT)" = (A)"

“ A" isaso asymmetric matrix.

(1)

In a skew-symmetrix matrix a; =-a; ~1i,j=12,3

forj=i,a=-9;, = a,=0

= each .
0 4 5
Hencethematrix | 4 O 6 is skew-symmetric.
56 0
(4)
1 2 -3
Let A=|0 1 2 |=|A|l=1
00 1
1 2 a7
adj(A)=|—2 1 1
7 2 1
” 1 -2 7
Hence, A-1:¥ S At=|2 1 -2
IA] -1 1 1

Hence, element z=3.

Q.16

Q.17

Q.18

Q.19

Matrices and Determinants
(1)
3A°+2A% +5A+1=0=1=-3A°-2A% -5A
= |IAT=-3A%?_-2A-5]
= A =_(3A%+2A +5l)

(1)
010
A=/1 0 0|= |AE-11+0)=-1
001
An Ay Ay
adi(A)=| A, A, Ay
A Ap Ay

= Ay=0A,=-1A;=0
Ay=-1LA,,=0A,=0
A;=0,A,=0A,=-1

aa_&(A)
A

o O
O O

0
0|=A
1

(1)
po_ A 1
Y

adj(A)

1
St 1 IAE0-11-9)+2(1-6)=8-10

A31
A32
A 13 A 23 A 33

AL=CED"O-CMW =1
A, =8, A13 =-5, A21 =1, A22 =6
Ap=3A5=-1Ap=2A5n=-1

101 -1 (U2 -12 12
~At-Llg 6 2]/=|4 3 4
2 5 3 _1| |s/2 312 12

(2)

1
We have, A(ade)=[ 0 O}

0 10

. 10 .
or A(atﬂA):lO{o J:lm ()]

1 .
and A" =—"—(adjA)
|A]
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A(adiA) =|A |l (i)

From equation (i) and (ii), weget |A |=10 .

Q.20 (3)
Zz t —-Z —X

t —
.. Transpose of (adj (X)) = { Z}

y —X
Q21 (4)
1 -1 1
IAFI0 2 =3 _yq q6]+1-4] =5
2 1 0
3 11
B:ajj A=|-6 -2 3
4 32
5 5 5
adjB=| 0 10 -15(=5A andC=5A
10 5 0
.. o 1adiB]
C=acl B; |C| =l Bl | =L
Q22 (@3)
12 3
A=|14 9
18 27

Letc; be co-factor of g inA.
Then co-factor of elements of A are given by

c—4 9—36C—2 3—30
u=lg 27| T AT |g 27| T
C _|? 3—6
714 9|
C _FOL 18,C —13—240 _t3
227 T2 Q27 TR o9
c N 4—4(: 2 6C _12_2
Bolig TR g 7 4
2 A -4
—|A|=|-1 3 4
1 -2 -3

— |Adj(A) |= 36(48— 36) + 30(=36 + 24) + 6(108 — 96)

= |Adj(A) |=144
64
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Q.23

(4)

|[A] O 0
Weknow Aadj(A)=| 0 |A|] O
0 0 |A|
[A] 0O O
s |A ]l ledi(A)|=| O |A] O
0 0 JA]

- AL adj]A|= AP
Now question gives |A|=8

- 8.adj|A|=8% or adj|A =8 =(2°)*=2°

Q.24 (1)
Since A%2=0 (Zero matrix) and 2 is the least +ve
integer for which A2 = . Thus, A is nilpotent of
index 2.
Q.25 (1)
. 1 2 2
Since for given A:g 2 1 2
-2 2 -1
= AAT=ATA=l,, .ThusAisorthogonal.
JEE-MAIN
OBJECTIVE QUESTIONS
Q1 (3
It is a 12 elements matrices. Possible orders are
1x12,12x1,2%x6,6x2,3x4and4x 3.
.. Number of possible orders is 6.
Q2 (1)
x2+X X 0 -1 0 -2
3 2| |-x+1 x|T|5 1
x2+x x-1 _[0 —2}
= =
—-X+4 X+2 5 1
x2+x x-1 [0 —2}
= =
—X+4 X+2 S 1
On comparing
X*+x=0=>x=0,-1 X—1=—2=x=-1
—X+4=5=x=-1 X+2=1=>x=-1
Hence the value of x is—1.
Q3 (4

Given, A +AT=|
cosa —Sna cosa  Sna
o, sina.  cosa | T |-sina cosa



Q.4

Q.5

Q.6

Q.7

10
=10 1

2 cosa 0 1 0
= 0 2cosa | |0 1

1
2cosa=1= cos(x:E

Q.8

_non
o= 3 or

3

So, number of values of o € (0, ©t) aretwo.

(4)

ab
Let matrix = [C d} can commute with

11
1 0|
a b1 1| |1 1jjla b
0. 1c dl|l1 o] F|1 o|c d| ™ Q.9
a+b a| |a+c b+d
c+d c| | a b
.. On comparing, weget b=c, a= b+d

o mary =2 P
matrix = b a—b .

(4)

Matrix A has order (3 x 1) and Matrix B has order
(3 x 3).

So multiplication AB is not possible.

(1)

'{é ﬂ’Jz[—ol (ﬂ

. coso 0
| cosO +Jsind =
0 coso0
0 sin@ Q.10
-sin6 0
B cosO sin0
" |—sin® cosH

(1)

3ax? 3bx® 3cx?
AB=| a b c
6ax 6bx 6cx

Matrices and Determinants

Now , tr (AB) =tr (C)

= 3ax®?+b+6cx=(X+2)2+2x +5x2
3ax?+6c+b=6x>+6x +4

= a=2,b=4,c=1

= a+b+c=7.

(2)
A=diag (2, -1, 3), B =diag (-1, 3, 2) then A2 B =
2

2 0 0 100
A=|0 -1 0| :B=|0 30
00 3 00 2
400
a2 |0 10
009
40 0
AB=|9 3 O _jiag (a3 18
18
(1)
20
A*=1g 2

4 0 22 0 22 0
4— A2, A2 = - 6 —
AP=ATAT=10 4150 22|'"AF 0 23]
. 2* 0
A=l o4
31
(A3 +AS+AY+A2+]) V=

- [301 ::)J m i Eﬂ

= x=1y=2
Xy =2.

(4)

If Aisnt" root of 1, then A" = |,,. Now,
a2_|a blla b]_|a® 2ab|
0 al[0 a] |0 a |

A3:A2Aa2 2ab ab:a33ab
o a |0 a] |0 a°
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Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

66

Now A"=]|

a" nab 10
= 0 a'|7|0 1
= a'=1,b=0

(3)

GivenA2=A.

Now

(1+A)B-7A

13+ 312A+3IA2+A3—-7A = [+3A+3A+A-T7A
I+0 =1

(2)

We have,

HEA AR

a’+By 0 :[1 0}
= 0 a2+[3y 01

=a’+By-1=0

(4)

Assume C=AB —BA

If C=1I

thentrace (C)=1+1+ ... +1=n

But trace (C) =0

(-~ trace (AB) =trace (.BA) )

Which is a contradiction

Hence no such ordered pair is possible.

(1)

AN+1 = (B + C)N+1

We can expand (B + C)N* like binomial expansion as
BC =CB.

(B + C)N+l: N+1COBN+1+ N+1ClBNC+ N+1C2 BN
ICH + CN*L,
=BN*!+(N+1)BNC+0+0........ +0=BY(B+(N
+1) C).

(1)

A?-2A +1=0

= (A-1)2%=0

" =(A-I+D)" ="C,(A-D)"+....... +"C (A=)
AI"240C (A=D1 C I

=0+0+.......... +0+n(A-D+I1=nA-(n-1I
(3)
AB=B
Premultiply both sides by B
BAB =B2 = AB=B?
= B=pB?
Similarly
BA=A =ABA=A2
= BA=A2 = A=A2

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

(2)

AB"=ABBBBB...... B
=(AB)BBB....... B
=BB(AB)BB...... B

=B"A

(AB)" = (AB) (AB) (AB) ...... (AB)
=A(BA) (BA) (BA) ...... (BA)B
=A(AB) (AB) (AB) ...... (AB)B
=A2(BA) (BA) (BA) ...... (BA)B2
=AZ2(AB) (AB) (AB)....... (AB) B2
=A3(BA) (BA) (BA) ...... (BA) B3

:.Aan

(3)
For upper triangle matrix, elements below diagonal
are zero

Y =0, wherei > j

(3)

Traceof A=a, +a,+a,

For skew symmetric matrix a, =a,, =a,=0
Traceof A=0

AT=-A

= (A" = (AAA - A =(ATATAT - AT
=(AN"foradlne N

(A" = (=) A

A" if niseven

mT —
= (A)'= {—A”ifnis odd

P+P'=0 = Pisskew symmetric matrix of order 2.

10 a

Let P= _a 0
4 0/ |0 a
2A=4I-P=1p 4|7 |-a O

4 —
= A=1a 4
2A| =16 + &

2
a
= 4|A|:16+a2:>|A|:4+Z

|A|>=4 Ans.]



Q.23

Q.24

Q.25

Q.26

Q.27

(2)
|3AB|=A|.[3B],,, =(-1).3*|B] =-81
(4)
Ay Qp ay
A= Ay dp Gy
a3 8y 8y
IAl=4
Aptap aptdyy ata,
B= a22+a23 aZl—i_a23 a21+a22
Gptay dytdy aytday
a;, a, a (0 1 1
IB| = Ay Ay Ay 101
8y ap agl (1 1
=4x2 =8
(1)
Let a=cosx, b = cosly, ¢ = cos?z,
IA|=0
ab c
P ¢ A _arp+o
c awb

E{(a— b)? +(b-c)® + (c—a)z}} =0

= a+b+c=0

(3)
2 0 [20
A:_a2:>ade:a2
120
:>A_:4a2
a4 _1_i20 2 0
.A—A-A—l6-a2a2
1[4 o] [va o
“16|4a 4| |ald4 1/4

a
. —=4.Ans]
X

=> x=y=z=1

- X =
(4)
|adiA|=|AP=9 and |adj adj(2A)| = | (2A)[*

= (2alf

212, |A|4 =212, 92= 942

Nl

Matrices and Determinants

Q.28 (1)
From given data |A| = 2*
= |adj (adj) A| = (2%) = 2%
{dt(adj(adj)A)} 2% [(7+)2] 1
7 7| 7 |77
Q29 (2
Aisaskew symmetric matrix .. AT=-A
Now, AZ=—]
AAAT=—-AT
AAAT=A
ATAAAT=ALA
AAT=| = A isorthogonal matrix.
Q.30 (3
AZ=A,12=|
A=A2=A3=_ ... =An
Same | =12=13= ..., ="
(I+A)"=1"+"C I A+"C,I"2 A2+, ... +"C A"
=1 +"C,A+"C,A+ ... +"C A
=1 +("C,+"C,+...... +"C)A
=1 +(2-1)A
(I+A)"=1+2"-DA=1+(2"+ kA
: K=-1
JEE-ADVANCED
OBJECTIVE QUESTIONS
Q1  (©)
a 1 a 1
AZ:[—l b“—l b}Az:
a’-1 a+b 00
—(a+b) b*-1|=|0 O
Hence &-1=0; a+b=0
b2-1=0
a=lor-1; b=1or-1
if a=lor b=-1
or a=-1,b=1
These all the conditions are fulfilled
= ab=-1 Ans.]
Q2 (A
AB=0

{cos2 0cos? ¢ +sinOsingcosOcosd cos? 6cos dsing +sin? pcos Osin 6} 0

cos? ¢cosOsind +sin? Ocos¢sing  cosOsinOcos hsin +sin? Hsin? ¢

cosBcosdcos(d—¢) cosOsinh(coso — o)
cos¢sinfcos(0—¢) sinBsingcos(6—¢)

cosbcosd cosOsing
= cos(0 - ¢) cos¢sin®  sindsing

= cos(0 —¢) =0 :9—¢=(2n+1)g
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Q3 (A

R=PTQEP=A8
J3 —2][3 -2
2 _ _
Now, A =AA= 0 1 0 1
3 —23-2
- 0 1
Also, A3 = A2 A = [
0

8
={(\/§) _}: r, =8l
Q4 (D)
0 —-a -b
M@=[a 0 -c|; (M©)
b ¢ 0
0O a b
=|-a 0 c
-b -c O
(M(©) (M(©)'
a’+b> bc  -ac
-| bc a?+c® @b |
—ac ab b’+c
which is symmetric matrix .
Q5 (A
|A|=0and |B|=0 = |AB|#0
AB isnonsingular.
Q6 (B)
AB=AC

Pre-multiplying A= = B = C hence A must be

invertible matrix.

Q7 (O
WehaveA (A+1)=-2I
= AA+D)]|=]-21|
= [AJ|JA+1|=4#0

68

Thus,|A| #0 = A isnonsingular
= A is correct

Also,A(—%(AH)}I

1
= A_lz—E(A‘i‘I)

= D is correct
Also A =0 does not satisfy the given eqaution
= A=0

 AZ1A+21=0 _
again (AT)2+AT+2|:O subtract again
willAT=B
(A2-B9)+(A-B)=0
(A-B)YA+B+1)=0
% A-B=0 or A+B+1=0

(A)

sin6 cos® O
0 0 1
Matrix formed by Cofactors of A=C =
cos® —sind O]
sind cos6 O
0 0 1

A=

cosO —sind O]

[ cos® sin® O
AdjA=CT= —sin® cos6 0 =A’
0 0 1

(®)

KA adj (kA) = [KA| T,
KA adj (KA) =k" A1,
kA adj (kA) =k"A adj A
Pre-multiplying A1

adj (KA) = k-1 adj A

(A)

A:E —25} B:[é (ﬂ

A =BX = B'A =BYBX) = B'A=X



Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

(D)

|[F]=0and |G|=0

Asweknown [AB]1=B1A-1

o [F(e) GBI = [GB)IHF(a)]

(©
|A]- (adi (A7) =|A](A]- (A ) =|AAT-A=A.

(©)

Matrices and Determinants

1-» 0 2
0 2-» 1
2 0 3-i

=0

= (1-1)[(2=-2) (3=1)] + 2[-2(2 - )]
=0

= (1=A)[A2=5L+6] +4(L—2) =0

= M-+ 7L +2=0

a 0o = X3-6Xx2+7x+2=0
A=|0 b 0]; |A] = abc = k=2
0 0 c
Q.18 (C)
bc 0 O -+ A2=Aand |A|=0
adj(A)=| 0 ac 0] L ALAA=ATA
0 0 ab —A=|
190 ~|A]=1landtr (A) =3
a
L) 1y 1 _ 1 1
(A) b SoGivensum=1+ - + 5 +..
1 3 3
00 -
.1 3
(A) - 1_} S 2
1 —tanx . 3
A= tanx 1 |adA
JEE-ADVANCED
1 { 1 —tanx} MCQ/COMPREHENSION/COLUMN MATCHING
=5 Q1 (ABD)
sec? x | tanX 1 Al=18
ATade 1 |1-tan®x -—2tanx 54 0 O
: T sec?x | 2tanx  1-tan®x adj (adj A) = JAP2A=18A = | 36 36 O
1 72 90 ™4
TA-Ll|= 232 = L
IANATI= ooty (r e =1. — trace(adj (adj A))= 144.
(B) ladj A| = |AI™ = 182 = 324
[A]=0
= aled—0)+b(0-ce) Q2  (CD)
|A| = aed —bce=e (ad —bc) = 0 |A]#0
e=landad—-bc=0 |B| =0
ad—bc=1 _
if [ad=1bc=0] Total = 3 , 9 271 |3 0
ad—bc=-1 9AB-6AB=| o |-|1 1
if [ad=0,bc=1] Total = 3 -
Total =3+3=6 6 271
(A) (9A2—BA +1) = { B!
AZ—2A+1=0 = (A—1?2=0 -10 -1
A" =(A-1+I)" ="C,(A-I)"+...... +"C ,(A-I)?
(I240C (A=D) - I"1+C I 6 27 1 0
=0+0+...oo... +0+n(A=I)+I =nA—(n—1)I 9AZ-BA+I= | 145 _ 1 3
(A) 3
IA—AI|=0
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Q.3

Q.4

Q.5

Q.6

70

-6 27
2 —
BA-2=| 4
I3A —IP = 81
I3A—1|=+9
(ABC)

1 0
We have Al = 11 =B (say)

1 0" [1 O
Now, A""=B"= _1 1_ = n 1

1 1/n 0 ]
AT -1 1]

1/ n? 0
“|-1/n 1/n?

1 0 0 1
= Limit— AN = and L|m|t—2A:

and —5 A™
n

n—«© N —1 0 n—>w© N
00
00
(BC)
1 -1 0
Wehave|A= [0 -2 1| =2 therefore, |A|=1/
0O 0 -
2
1
SinceAl = m (Adj.A) weget
1/2 -1/2 0
Adj.A=|AJA" = o -1 12
0o -1/2

A cannot be skew symmetric as |A| = O for all skew
symmteric matrices of order (2n + 1) x (2n + 1)

(AD)

The elements of main diagonal of skew symmetric
matrix are all zero but not necessarily for
symmetric matrix.

(CD)

(A) Skew-symmetric matrix of even order can be
invertible also.

Q.7

Q.8

Q.9

0 2
eg|_5 o

(B) If AB =0 = that one of the matricesis zero.

e.g.A=[8 _21] B{g 8} =AB=0.
(C) Minimum number of cyphers in an upper
n(n-1)

2

triangular matrix of order n is = 5050 =

n = 101.
(D) We have |10 AB | = 10° |A| [B| = (109)(5)(2) =
10%.

(AC)

ab

(A:c d

bc#0

Characteristic equation is |A —xI| =0

a—-x b
c d-x

x2=x(a+d)+ad—-bc=0

On comparing with the given equation x2+ k =0

a+d=0k=ad-bc= A

=0 (a—x) (d=x)—bc=0

(BC)

1 —
w=ls ]

A2—4A +5l,

-1 -4 4 -4 50 00
= {8 7}_{8 12}*{0 5}{0 o}
=0

l1-a O

C:A—B:{ 0 _z}isdiagonal matrix,
vaeR
(AB)

(A) Giventhat AB =0, wheredet. (A) #0....... (1)
So, A~ exists.

Now, pre-mutiplying equation (1) with A-L, we get
(ATA)B=A10=B=0
(B) Given,

3,det. (C)=4

So, det. (3ABC) = 32 det. (A) det. (B) det. (C) = 9(2)
(3) (4) = 216. Ans.

(As, A, B, C are square matrices of order 2.)

null matrix*

det. (A) = 2, det. (B) =

(C) Given, det. (A) = % (order of matrix A is3)
As, det. (adj. A) = (det. A)"~1.....(2)



Q.10

Q.11

Q.12

place A by A~lin equation (1) and take n = 3, we get

) a2 1 1
det(adJ.A‘l):‘A \: =——=4 Ans

Af B

(D) We know that skew symmetric matrix of odd
order is singular. But , if order of skew symmetric
matrix is even, then it need not be singular. For
example,

0 -4
A= {4 0} and det. A = 16 (non - singular).

(ACD)
4 -5 -2
(A) A= 5 -4 2
2 2 8
A =0, singular

And (adj A) B = 0 system is inconsistent

(B) Obviously the possible ordersare 1 x 6, 2 x 3, 3
x2and 6 x 1.
No. of possible ordersis 4

_ 10 0 _
CA@IA)=| g 19| = AadiA)=10

10 _
1 10 = A(adiA) = |AlL,

- |Al =10
(D) if C=B'AB

C' =(B'AB) =B'A(B') =B'A'B=—B'AB
hereA’ =—

(BD)

M =ABCD =A(BCD) =AAT

M3 = (ABCD) (ABCD) (ABCD) = (ABC) (DAB)
(CDA) (BCD) =D C" BTAT = (BCD)'AT =AAT =
M

Similarly M% =M.
(AC)
TakingC, » C,—(Cla—-C)
we get
ab 0
[A|]=1b ¢ 0 =(1-2a) (ac-b?)
2 1 -20+1

1
non-invertible if o = > orifa b, caein GP.

Matrices and Determinants

(AC)

M-1adj(adj M) = kA
Pre-multiplying by M
adj(adj M) = k2M
det(adj(adj M)) = det(k?M)

(det M) = ke det (M)

(det M) = k° (det M)
(det M)? = k®
detM=k? = kK=o = k=4

(ABCD)
|A|=6, ladj A|=|A?=36

o Ay = A (D7 e
|adj (adj A) |= |A ] = 6%=1296
adj (adj A)=|A|"-2-A =|A|-A {-» n=3}
tr (adj (adj A)) = tr (6A) =36
EAZIALA
adj (adj (adj A)) = ladj Aladj A _
A- adj (adj (adj A)) = Jadj A|Aadj A = adj A]|A |- 1
: tr (A adj (adj (adj A))) = 3- 62- 6= 28 3*

(ABD)
d 0 0
0 0 d,
dd; 0 0
A= 0 dld3 0
0 0 dgd,

Let C=adj.A satisfy x3—9x+px—27=0
LT (C)=9 ad
det. C=27 = |adj.A|=27 = |AR=27 =|A|=

34/3
Also, [adj. (adj. A)| = |A|*=3°
Now, Tr(adj.A)=9 given

dd,+dd,+dd =9 ... (1)
ad |Al=ddd,=3J3 ... ©)
1 1 1

9
_+_+_:_: = -1
. d, 3 J3=Tr(AY
Also, GM.of d;;dy dyis /3
ad  HM.of d,d, dis /3

=  Tr(A)=34/3
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Q.16

Q.17

Q.18

Q.19

Q.20

72

Comprehension # 1 (Q. No. 16 to 18)

(AC)
a x vy
Let any symmetric matrix B = x bz Q21
y z c
so total matrices possible=3! x 3! = 36.
(AC)
For homogeneous system infinite solution are
possibleif B|=0
[B| = abc + 2xyz — by? — cx? — az? Q.22
abc=xyz=0 (oneof ab,c andoneof x,y, ziszero)
if a=0 z=0
= [B|=0 - 4 cases
b=0 y=0
= [B|=0 - 4 cases
c=0 x=0
= [B|=0 - 4 cases
so total cases are 12.
(AC) Q.23
BX =V isawaysinconsistent. when [B| =0
so 12 cases
Comprehension # 2 (Q. No. 19 to 21)
(A)
AB=A
Premultiplying by B
BAB =BA Q-24
BB=B
B2=B
= B isidempotent
similarly on post mutliplying by A
ABA=A?
= AB=A?
A=A’ Q.25
= A isidempotent
(D)
For orthogonal matrix AA’ =1
0 28 v 0 a «a 100
=la B -v[|26 B -B|=]0 10
a =B vy -v v 001
_ 28242 a?4P24y? o2 —pZ-y2
—2[32+Y2 ocz—Bz—yz oc2+[32+y2
100 Q.26
_|0 10
0 01

— 4[32+,Y2:1, ZBZ_YZZOa_ZBZ""YZ:OraZ_BZ
_'Yz

:O,a2+BZ+,Y2:1

O(:+i '3:+i Y:"'i
B N N
©
1 1 3 0 0O
A-|5 2 6 L a22|0 00
-2 -1 -3 0 0O

= A?isnilpotent

Comprehension # 3 (Q. No. 22 to 24)
(A)

1 2 3

[34 5|2 1 2|_

~ 5 5 3 [212 20 29]
Pythagoren triplet

33

llly [3 4 5] [B] =[5 12 13]

and [3 4 5] [C] =[15 8 17]

hence question no.(i) answer is (D)

(D)

det. A=1;det. B=1,det.C=1

(verify)

det. (AB) = (det. A) (det. B) = (1) (1) =1

det. (BC) = (det. B) (det. C) = (1) (1) =1

det. (CA) = (det. C) (det. A)=(1) () =1

det. (ABC) = (det. A) (det. B) (det.C) =1

(A)

T(A+BT+3C)= Y &+ b +3> ¢ =5+3
+9=17 Ans.is(A)

Comprehension # 5 (Q. No.25 to 27)

(A)
(A+B)C=(A +B)(A +B)(A-B)
= (A+B)C=A-B (1)

c=a-B)y((a+B) L[

-A+B)((A+B)T]" {m1A+BI20
= |(A+B)T|#0 = |A-B|=0}

=(A+B)A-B)l .02
1) & (2
CT (A +B)C= (A +B)(A —B) YA —B)
= (A +B) .3

(B)

taking transpose in (3)
C'(A+B) (C)'=(A+B)"
C'(A-B)C=A-B ()



Q.27 (C)
adding (3) and (4)
CT[A+B+A—B]JC=2A
CTAC=A

Q.28 (A)—(a); (B) > (p); (C) —>(s); (D) = ()

(A) I(A™) adj (B™) . adj(2A~)| = |A7] . [adj B . |ad .

1 _ _ 26
2A—1|: mlB 1|2|2A 1|2 :? =8

(B) P+ 3PA +3IA2+ A= +3A +3A+A=1+7A

=k=7

(C) AB = C = det (A) det(B) = det (C) = det(B) =

-1
(D)AAdiA=|A|L,=kI,= k= |A|=8

Q29 (A)—»p;(B)—>s (C)—>»p;(D)—>p

R = PTQXP
= PT(PAPNK P
= PTPAP'PAP .............. PAP' P
K times
=AK as PP =1 asPisorthogona

llly T =PTSKP = BK
b(ak -1
K B )

B = a-1
0 1

NUMERICAL VALUE BASED
Q1  [5049]

e=[2 3]5]-18)

kst-{EH

hence ap+bg=p ... 1)
and cp+dg=q ... 2
or p(a-1) +bg=0
cp+(d-1)g=0
for non trivial solution of p and g
a-1 b
c d-1/79

ad—a-d+1-bc=0
ad—bc=a+d-1=5049

Q.2

Q.3

Q4

Matrices and Determinants

(2]
Let A =diag. (8 b, c)
_ (1 1 1)
Al=diag.| —, —, —
abec
= 2A2-B= A= 2AZ 4N =)
= diag.(Zaz—ﬂ, 2b2—£, ZCZ—EJ: O,
a b (o

A )

a

4
= 2x2—;:X = 2X3—XX—4:0< b
c

= a+b+c=0,abc=2
Tr.(A) =0 and Det.(A)=2
SoptQg=2

[0035]

3 2
AB:[—l 4“? g}
3p+2r 39+2s
[—p+4r —q+4s}
AB =diag (d,;, d,,)
3p+2r 3q+2s d; O
[—p+4r —q+4s}:{0 dzj

3p+2r=dy; 30+2s=0 = 2s=-3q

—-q+4s=d,,; —-p+4=0= p=4

o (dy; +dy,) =12r+ 2r + [-q + 2 (— 30)]
=14r-7q9=7 (2r-q)

~lg+l|+4r-2=0=q=-1,r=2
o (dy+dy)=7(@4+1)=35

[200]

1 2 al|l|l 2 a
.10 1 4|/|0 1 4
Consder001001
1 4 2a+8][1 2 a
-/10 1 8 01 4
00 1 0 01
1 6 3a+24
-0 1 12
00 1
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Matrices and Determinants

Q.5

Sol.

74

n

1 2 a
01 4
0 01
B n-1 "
1 2n na+82k
k=0
“lo 1 4n
0O O 1

hencen=9 and

8 89
2007 = 9a + SI(Z:;,)k =%a+8|

2007 = 9a+ 32 - 9 = 9(a+ 32)

a+32=223 = a=191
hence a+n=200
[0005]
adi.A = -A = A-adj.A=-AZ

ab
Let A:Cd

So, A2=1

a’+bc (a+d)b _[1 0}
(a+d)c d?>+bc| |0 1
. On comparing, we get

&+bc=1, (a+db=0,
d?+bc=1

(a+d)c=0,

Case-l: When (a+d)=0

= b=0=cand a=1, d=1or a=-1,d=

-1

10 -1 0
A= 0 1 or 0 -
but both rejected as det. A=—1 (given.)

Case-ll: When (a+d)=0 = d=-a

(i) If a=1,d=-1 = bc=0
For b=0, ccanbe -1,0,1.
For b=1, ccanbeO only.
For b=—1, ccanbeOonly.
= 5 matrices

(i) If a=-1,d=1=>
For b=0, ¢ =-1,0,1.
For b=1, ¢ =0 only.
For b=—1, c=0only.

bc=0

Q.6

Q.7

= 5 matrices
(iii) If a=0, d=0 = bc=1

0 1 0 -1
A= 1 0 or A= 1 0
= 2 matrices

- N=5+5+2=12
= (N-7)=12-7=5

[0039]
-2 3 4
1 - 3
{E(A—A’+I)} for A=|° 4 -
7 2 9
Jr-2 -3 - .
1 1.\
Z(A=AT+])T = 52 1 -5 :[EBJ
2 3 5 1
1_| 39
—Bl=22
~ |38/~
26 -17 7|
1
Aijzl—ls 10 -11 - =+
4113 -1 5 4
26 -13 13
1.1
-17 10 -1 3‘—8 =
7 -11 5
26 -13 13
2117 10 -1
3
7 -11 5
[0017]
2 0 —a 20 -«a
A=5 o 0] ; |A|:5°‘ 0l.o
0 o 3 0 o 3
6o —5022=0 = o(6 -5a) = 0
a =0, 6/5 o € R-{0, 6/5}
Fora=1
2 0 -
A=P 1 01 A =6-5=1;
0 1 3
3 -1 1
Ada=|"15 6 -5
5 -2 2
3 -11
a4z |15 6 5
5 -2 2




Q.8

Q9

By characteristic equation |[A—xI| =0 Q.10

2-x 0 -1
5 1-x 0| _g
0 1 3-x
= x3—6x2+11x—-1=0

By cayley hamilton theorem
A3—6A2+11A =1
= A1=A2-B6A+11.1

[0006]

A3+ 3A%B +3AB2+B%=(A +B)3

=AB=BA
4 a 1 -2

AB = =
-1 b 1 4

4+a -8+4a
-1+b 2+4b

1 -2{|4 a 6 a-2b
BA = =

1 4 -1 Db 0 a+4b
AB=BA

=>4+a=6=>a=2
=-1+b=0=b=1

6 0
AB = =6l
0 6

. B=6A"1andA=6B"1 Q.1
=>A+B=6A"+6B! =6(A1+BY)=A(A1+B"

1

)

=A=6.

[0009]

B = adj. (2A) = 2 adj.(A)

Bl =4 |adj Al =4 |A]|

' IAl=2

ad-bc=2 =  ad=2 {bc=0}
| d —b
. (A=| o 4

2d -2b R
- B:[—Zc Za} °

a+2d -b
A+B=| _¢ 2a+d
~ tr(A+B)=3a+3d=3(a+d)

oo (A+B)|=3x3=9
Ans.  {'v a+d=3 or -3}

KVPY
PREVIOUS YEAR’S

Matrices and Determinants

[650]

NEE

n(A) = number of elementsin A
if (XY) isnot defined then n(XY)=0
C=(AB)(B'A)

1 2157 [-1
AB=14 3||-3|7|11
BA=[5 —3][1 2}[—7 1]
%/_J
2x2
) 7
C=(AB)(BA) = [11} -7 1= [— 77 11}
n(C) = 4; n(A) = 4; nB)=2

D=(@BA)AB)=[-7 1] [Eﬂ =(7+11)=(19)
|D|=18 = n(D) =1

[n(c>(| D +n<D))]

n(A)-n(B)

4324+D)
=,

(B)
S R I I AR F
I+A+A2+A3=[0 0}

[+A+AZ+ A3+ ATP
(| +A +A2+A3)+A“(I +A+A2+A3)+....+A2°°B(| +A +A2)

£

(D)

P=p

P2 = pip

P=|

(I + Py = (2P)" = 2P
= 2P
=P+(@2-1)P
=1+ -1)P
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Matrices and Determinants

Q3 (A

,_|a blfja b
A*=lc dllc d
a’+bc ab+hd
ac+cd bc+d?

}ad:bc:

a_C_y
b d

} a=bkc=dk

&+hc=a;b(a+d)=b

=a+d=1

Q4 (O

Subtracting the given equations we get 5x + 3y = 100

x:ZO—Q
5

= yismultiple of 5, let y = 5k

x=20-3k

Hence numbers of solutions are 7.

Q5 (O
[A|lz0=>a-b=0

=a=#b

Also, A7 =——
a-b

b a

()

N

11 b
= a-b|-1 a

Thus,a—b=1o0r-1

(i)

So, required number of pairs (a, b) is 101 x 2 = 202

Q.6 (B)

Sum of elementsin each row of A is 1.

1] 1
So, A|1|=|1
1| |1

=A"A |1

Q.7 (B)

100...0
(2),=

—
n times

M2 = (260 — 24) + (2% _ D16) 4 281 4 ]

76

(ll...lOO...0+ll...lOOO...O+100...O+lj
2

14times 46times  14times 16 times 31times

Number of 1's=14+1+14+1=30

JEE-MAIN
PREVIOUS YEAR'S
Q.1 (4)
0 tan—
NEEFN
= =
o 01
2
0 tan— 0
| +A= JI=A=
_an? 1 _tan®
2 2
0 tan—
| -A) =
( ) —tan9 1
2
(I + A) (1 - A)’
0 tan—| |1 tan—
—tan9 1 —tang 1
2 2
1—tan29 2tan9
2 2
= _2tan? 1-tan2
2 2
~a=1 '[anZE b= 2tanE
T 27 2

0 2
132+ b?) = 13[(1 - tan® Ej + 4tan

0) 0
= 13(1— tanzzj =13 sec? =

2
Q.2 [21]
Q3 [7]
Xy z||Xyz 100
A2=|Y Z X yzx|_(010
Z X VYyllzxy 001

20
2

|



Q4

Q.5

Q.6

Q.7

Q.8

Q.9

=S>xX2+y?+72=1

=>XxX+y+z=1

= Xy+yz+zx=0
AR=Il=A|=+1=3xyz—(x3+y3+28) =+1
x3+y3+78=32+1=7,5

=>x3+y3+73=7

(1)

2 43 2
p=* © 2 =210)-310) + 2(10) # 0
101 2

SO unique solution
(1)

|Al=4

[2A|=23 |A|=8x 4
Now R, — 2R, + 5R,
B|=2x 32=64

(1]

AAT=|

- L

1+a® a-ap {1 0}
= Jloa-ap a2+p| |01
= 1+d?’=1=a=0
a?+pl=1=p%=1
oo+ pi=0+1=1
(1)
AT=A,B"=-B
Let A°B%2—B?A2 =P
PT = (AZBZ _ BZAZ)T = (AZBZ)T _ (BZAZ)T

=(B)T (AT - (AT (B)T
- BZAZ_AZBZ
= P is skew-symmetric matrix = |P=0
Hence PX = 0 have infinite solution

(1)
ab
Sl

, {az + b? b(a+c)}

b(a+c) b?+c?

tr(A) =+ 202+ c2=1
=b=0and&+c%=1
=(@09=(10, (-10), (1), (0 -1)
[540]

abcj|ladg
def b eh
ghifll|cf i

Matrices and Determinants

Z+b2+c+d?+e+f2+g?+h?2+i2=7
Casel : Seven (1's) and two (0's)

°C,=36

Case- |1 : One (2) and three (1's) and five (0's)

9!
53 =504

. Total =540
[17]
AsPQ =Kkl = Q=kpP!

k

k .
now Q=15 (adiP)! = Q=207 120)

- - - 100

- - (8-4||010

- - - 001
—K k

= g = (20 1209 (09

-k
=3 = 2(3a+4) =5+ 3a

3o ==—=83=a=-1

K Kk k3

Pl = 2 T (20+12a)

(20 + 120) = 2k = 8=2k = k =4k

aso |Q| =

(4]
1 0 0][1 0 0] [1 0 O]
A%2=/0 2 0|0 2 0|=|0 4 0
3 0 -1)|3 0 -1] |0 O 1|
1 0 Of[1 0 0] [1 0 O]
A®=|0 4 0}l0 2 0|=|0 8 0
0 0 1)[3 0 -1] |3 0 -1
1 0 O[1 0 0] [1 O O
A*=/0 4 0//0 4 0(=|0 16 O
0 0 1/0 0 1] |0 0 1

[ ]
[ ]
.
[ ]
1 0 O 1 0 0
A¥=l0 2 0o|,A®|0 2®° 0
3 0 -1 0 0 1
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Matrices and Determinants

Q.12

Q.13

78

LH.S

[1+o+p 0

=A®+gAP+BA=| O
3a+3B 0

RHS=

1
0 = o+p=0 and
0

0 0]
40
0 1]
220+02Y9+2p=4
220+, (21-2)=4

4-2%

X-y | |8
=128| v 17| e
1

X—y=—
= y 16

& xty=>+ 2
y=5 e ©

= From (1) & (2) : No solution.
[766]
{a b c]
Lea=|{d € f
g h i
diagonal elements of

AAT, 2+ PP+ 2+ + e+ 12 g+ b+ 22

220 v a2® 4+ 28

1-a-B

SUm=a2+++dP+e+f2+@+h*+i2=9

abcdefghie{012 3}

Case No. of Matrices
(1) [All?1s ol _1
'S
(2) |One—3 9
remaining-0 118
(3) | One-2 o
five-1s s 28
three-0s
(4 |two?2's o
one-1 NI
six-0's

Total no. of ways=1+9+8x63+63x4
= |766

[36]

Let M = (P*AP - 1)?

= (P'AP)?— 2P'AP+ |

= PIA’P— 2P1AP+|

PM =A’P— 2AP+P

= (A2-2A.l + 2P

= Det(PM) = Det((A — 1)2 x P)

— DetPDetM = Det(A — 1)2 x Det(P)
= Det M = (Det(A — 1))?

1 7 w?
Now A—-i=|-1 -w-1 1
0 -W  —W

Det(A — 1) = (W2 +w + W) + 7(-w) + w3 = —6w
Det((A —1))? = 36w?
= a=36

[1]
A=XB

EN _1{1 -1 |b;

a,] 3 ﬂ k | b,
(J3a,| [b,~b,

V3a,| | by+kb,
b,—b,= /33, (1)
b, + kb, = \/3a, ...(2)

2
Given, al? + a2? = §<b§ T bg)

(1? + (27
(bl + b2)2 + (bl + kb2)2 e 3(a12 + 822)2

(1+k?)

a’+a?= %bf"‘ b§+§b1b2(k -1)



Q.16

Q.17

Q.18

. 2,2 2.2 27
a;+a;=—=b;+=b

Given, 1 > 3 1 3 2

On comparing we get

412 oy

3 3 s

=>k=#%1 ...(3)

2
& Z(k-1)0=k=1 w..(4)
From bothweget k =1

(4)

kx +y+z=1
x+ky+z=k
X+y+zk=k?

K 1 1
A=[1 K 1|=K(K?-1)-1K -1)+11-K)
1 1 K

=K3-K-K+1+1-K

=K3-3K +2

=(K-1)2(K +2)

ForK =1

A=D,=D,=D,=0

But for K =2, at least oneout of D, D,, D,
are not zero

Hence for no sol", K = -2

(3)

A?=sin?al

[16]
2A adj (2A) = [2A||
= Aadj (2A) =—41....())

Now, E = |A% + |A® — (adj(2A))"]
|A20 _AlO(ajj 2A)10 I
|A |10
A% —(Ai(2A))" |
|A |1O

|A20 _ 210| |
T (from (l))

= (2 +

=16+

Now, characteristic roots of A are 2 and —1.
So, characteristic roots of A% are 2%° and 1.
Hence, (A2 =20 ) (A2 —-1)=0

= [A2? =29 =0 (asA® = 1)

= E=16Ans.

Q.19

Q.20

Q.21

Matrices and Determinants

[2020]

SRMESH

= AB=B
= (A-1)B=0
=|A-1|=0,sinceB=0
(a-1) b |

c  (d-1)|
ad — bc = 2020
(2
a By
B v o=0
vy o B

= —(a+b+g)(@+b?+g?—a&b)=0
=—(-a) (@-2b-b)=0

= a(&-30) = 0
a2
:>a2:3b:>F:3
(2)
1 20
A+m=6 33 (1)
5 3 1
2 15
oa-g=|2 16
01 2
4 -2 10
—aa-2m=|4 2 12 (2
0 2 4
5 0 10
W+@=5a=|10 S 1
5 5 5
1 0 2 2 0 4
Aol 2 13| qoac| 4 26
101 1 2 2 2
2 0 4) (2 15
g-|4 26/ |2 16
2 2 2) (01 2
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Matrices and Determinants

Q.22

Q.23

Q.24
Q.25
Q.26

Q.27
Q.28

Q.29
Q.30
Q.31
Q.32
Q.33

Q.34

80

0 1 -1
B=|2 -1 0
2 1 0

tr(A)=1-1+1=1
tr(B)= -1

tr(A) =1andtr(B) =-1
sotr(A) —tr(B) = 2

(1)
For non-trivial solution

4 L 2
2 -1 1/=0
p 2 3

=2u—-6A+Apu=12
when u =6, 12 -6\ + 61
which is satisfied by al A

[2020]
(1)
(4)

[910]

=12

5 0] [16 -8] [-11 8
SI8P=10 5| |40 —24| |-40 29

Q.35
Q.36
Q.37
Q.38
Q.39
Q.40
Q.41

Q.42

(1)
[*]
(3)
8]

(1)
(2)
(4)
(4)

JEE-ADVANCED
PREVIOUS YEAR'S

Q.1

Q.2
Q.3
Q.4

©

(In JEE this question was bonus because in JEE in-
stead of 2n x 2n, 3 x 3 was given and we know that
thereisno non-singular 3x3 skew symmetric matrix).
Data inconsistent

A 3 x 3non-singular matrix cannot be skew-symmet-
ric

However considering M, N matrices as even order,
we obtain correct answer.

M2 N2 (MTN)? (MN)T= M2N2 N2 (M7 (NHTMT
= —M2N2NTMTN?TM

= —-M2NMZIN*M = -MNNM

= —M?

Comprehension # 1 (Q. No. 2 to 4)
(D)

(A)
(B)

a+8b+7c=0 ... 0

9a+2b+3c=0 ... (i)

atb+c=0 (iii)
1 8 7

A=19 2 3| =1(-1)-8(6)+7(7) =0
111 (-1) —8(6) + 7(7)

Letc=A

Loa+8b=-7\ = at+tb=-)

-6
b=—21 & a=
= 7 a

7
-A —6)A
- (abc)= 7:7:7» where € R



Q.5

Q.6

P(a b, c) liesontheplane2x +y +z=1 Q.7
2 6k “h o,
7 7 "7 -7
= A =—7
~ 7Ta+tb+c=7+6-7=6
a=2 = Ar=-14
©~ b=12 & c=-14
1 3 3 1 1
Now St o Vo T TR T3 Flols

30 =3(0+tw)+1 =-2
b=6 = A=-7
—a=1& c=-7

now ax?+bx+c=0 = X2+6x-7=0

= x=-7,1
© n 0 n 2
1 1 6 6 (6
Z —+—= = Z 7 =1+ —+ 7 +
n=0 a B n=0 7
....... 00 =i=7
_6
7
(A)
a,b,ce{o 0’}
1 ab
_lo 1 c
LetA= oo 08
= JAl=1-(a+c)o+aw?
Now
|[A| will be non-zero only whena=c= o
(abo=(®,n,n)or (o, n? o)
number of non singular matrices = 2
Q.9
[l
a11 a2 413
LetM =] a1 @z ap3
az; 832 ass
then
a.l.2:_1’ all_al2:1
=a,=0, 3, +,+a,=0 Q.10
= g,=1 a,=2,
621—82221
= =3 a, ta,+a,=0
3323:_5 632:3’
631—632:—1
= =2 a, ta,ta,=12
= 8, =7

Hence sum of diagonal of Mis=a, +a,+a,=0+
2+7=9

Matrices and Determinants

Given
P= [aij]3x3 bij =21 al]
Q = [bij]SXS
a8, A |
p=|31 82 3| |p=2;
a3; 8z ds
by, by, byg 4a;; 8a;, 16a3
b31 b32 b33 163.31 32 a32 64 3.33
4a,, 8a;, 16a;
Determinant of Q = | 8321 16822 3285 _ 4
16a;, 32a;, 64a;;

a;;  ap a3
2ay,; 2ay, 28,
das, 4az, 4ag;

x8 x 16

a1 @ A3

=4x8x16x2x4 (P21 822 A3l — 2 23 o1
Az Az Az

2t 22, 2t =288
(D)
PT=2P+1
= PYT=2P+I)T = P=2P" +|
= P=22P+I) +1 = 3P=-3l
=>P=-I
= PX==-IX==-X
(AD)
1 4 4
LetA:[au’]axa; adjA= 2 17
113

ladj Al = 1(3-7) —4(6-T7) +42—-1) = 4
S ARFt=4= AP = 4= |A|= 22

(C.D)

(A) (NTMN)T™ = NT MT N is symmetric if M is
symmetric and skew-symmetric if M is skew-
symmetric.

(B) (MN —=NM)™ =(MN)"—(NM)" =NM —MN =
— (MN — NM) skew symmetric

(C) (MN)T = NT MT = NM # MN hence NOT
correct

(D) standard result is adj(MN) = (adjN) (adj M)] #
(adjM) (adjN)
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Matrices and Determinants

Q.11

Q.12

Q.13

82

(CD)

=|M|=0
A iswrong.

a
(B) [bc] & {b} are transpose.
Soa=b=c
B iswrong
4 o]
10 ¢
C is correct
o b
(D) M= b ¢ given ac = A2

C) M= =|M|=ac%0

D is correct
(C, D) are correct.

(AB)
MN =NM & M2-N*=0

M-N)M+N’)=0
l

| | |
M—N*=0 M+N =0 M+ N?|
Not Possible M-N =0 M = N?|
|

0
0
|

Inany case [M+ N3 =0

(A) IM?+ MN?| = M| [M + N7

=0 (A) is correct

(B) If JA| = 0then AU = 0 will have « solution.
Thus (M2 + MN?) U =0 will have many 'U’

(B) is correct

(C) Obviouswrong.

(D) If AX =0& |A|=0then X can be non zero.

(D) iswrong

(C,D)

(C) (x* Z3 — Z3 X% = (X4Z3)T (28 X4)T
= (Z7¥(X7)* = (XDHZT)?
=Z3X4 = X*Z3
= X423 - Z3X*%

(D) (x23 + Y23)T = _X23 _Y23 = x23 + Y23 iS §(e/\/_

symmetric

Q.14

Q.15

(B.0)
|P|=12a + 20
5 -10 -a
agjp=|3 6 ~(3a+4)
10 12 2
Q adP k .
= = Q==ad P
k[P P
Lk (3a+4)k_5 o
07y (Zar20 8 O
k3
AISOIQFE =k=4
Hence, (b, ¢)
(B)
1 0O 1 0 O
P={4 1 0| =P?=| 2x4 1 0
16 4 1 (1+2)16 2x4 1
1 0O O
= P’=| 3x4 1 0
@+2+3) 3x4 1
1 0O O
P¥ = 50x 4 1 0
(1+2+3+....+50)16 50x4 1
1 0 O
= P®=| 200 1 0
20400 200 1
Now, P —Q =1
1 0 O] |Gw G Gs| |1 OO
= | 200 1 0|-|gy 0, 05|=/0 1 O
20400 200 1| |@y O, Gu| |O O 1

20400 - gy, =0=> 0;, =20400,200—0q, =0

= @, =200, 200— g, =0=> 0}, = 200

. Oy, +0;, 20600

qu

——=103
200



Q.16

Q.17

(AQ)
A=B*= |A|=|B|=+ve
1 0 O
01 0 .
(A) 0 O _1 = 1(—1) :negatlve Q18
Matrix B can not be possible
1 0 O
®) 0O -1 0
0O 0 -1
Matrix B can be possible
10 Ol 20 0, 11 0 O
01 -1 01 -1=0 -1 0
Ex. 19
0 2 - 0 2 - 0O 0 - Q
-1 0 O
©) 0 10 =—1 = negative
0O 0 -1
Matrix B can not be possible
1 0O
(D) 010 =1 = possible
0 01
Matrix B can bel Q.20
(1]
D=0
1 o of
a 1 o|=0
a’ o 1
(1+0c+ocz) (2a+1) (a2+0c+1)
o 1 o =0 Q.21
o? a 1
(1+0c+ocz) (2a+1) 0
o 1 0 [=0=(@1-0a)
o? a 1-a?

Matrices and Determinants
Q+a+a’-202—a)=0=>(1-a0?’) =0
a=-1orl
for o =1, system of linear equations has no solution

a=-1s0l+a+a2=1

(A)

b c||la d g
d e f||b e h
g h i|jc f i

Z+P++d+e+f2+g+h2+i2=5
Case-l : Five (1's) and four (0,9)

°C, =126
Case-ll : One (2) and one (1)

C,x 21 =72

.. Total =198

(A,C,D)
We find D = 0 & since no pair of planes are paralel,
s0 there are infinite number of solutions.

Let aP+AP, =P,
— B, +7P,=13P,

= b, +7b, =13b,

(A) D # 0= unique solution of any b

(B) D =0hbut P+7P, # 13P,

(C)D=0Alsob,=-2b, b, =—h,
Satisfiesb, + 7b,= 13b, (Actualy all three planes
are co-incident)

(D) D=0

b, b

1 72 73

(B)
GivenM = al + M = M2-aM-BI =0
By putting values of M and M2, we get
sin” 20 ,1
2 2
Also, B(6) = — (sin*6cos'o + (1 + cos?0)(1+ sin0))
=—(sin*6cos'® + 1 + cos?0 + sin%0 + sin*0cos’0)

o _sinzzee[oi}
=-(E@-t+2),t=— »

o(0) =1 —2sin?0 cos?0 = 1—

37
=PBO) 2 -5
(A,C,D)
(adjM),,=2-3b=-1=Db=1
Also, (adjM),, = -3a=-6=a=2

01 2
123
311

= det(adjM?) = (detM?)?
= (detM)* = 16

Now, det M = =2
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Matrices and Determinants

Also M = aM
detM

— adjM = — 2M™

-1
= (adjM)™ = > M
And, (adjM)* = (M) det(MY)
IR ']
T deeM T 2
Hence, (adjM)* + adj(M) = M
Further, MX =b
—adiM
=X=M1b= ij

-1 1 -1||1
__"Llis 6 2|2
2|5 3 -1/|3
2] 1
:__1 =(-1
2l2] |1
:(G1BIY):(17_111)

Q.22 (B,CD)

X is symmetric

1
LetR= |1
1

[~ P'R=R]

6 6
_3Ror (3R or

K=1 k=1

2 2 2 6

6
SPo|2 22 g3
k= 2 2 2 6

84

Q.23

Option -

Option -

2 2 2|6 6
~xr=|2 2 2|I3|=|3| 2 3R »a=20,
2 2 2|6 6

6 6
1)
Trace X = Trace ZPKQPKJ = ZTrace
k=1 k=1

(P.QP,") = 6 (Trace Q) = 18

1 1
x |1]=30]1
1 1
1
~(x-301) |1 =0=x-3011=0

= X =301 isnon-invertible

(C.D)

1
det(R) = det(PQP) = (det P) (det Q) (—det PJ

=det Q
=48 — 4x2
Option - 1:
forx=1det(R)=44+0
o 0
.. for equation R Bi=10
Y 0
We will have trivial solution
OL:B:'Y =0
2.
PQ= QP
PQP*=Q
R=0Q
No value of x.
3:
2 X X
det 0 4 0(+8
X X 5

=(40-4x) +8=48-4x=det RY X € R



Q.24

Q.25

2 1 2/3
0 4 4/3

(R-61)| | =0

o 9

4 4b 0
—4+a+ — =

= 3

—=a=2 b=3
a+b=5

(B,C,D)

det (M) =0

M- = adj(adj M)

M= det(M).M
M-M=det(M).M?2

I=det(M).M? (i)
det(1)=(det(M))°®

I=det(M) (i)
From (i) I=M?

(adj M?) =adj (M?) = adj | =1

(3]
M-I

ab , |&@+bc ab+bc
LetA = A’ = ,
c ac+dc bc+d

d

AT a’+2abc+bdc  a’b+abd+b’c+bd?
abc+ 2bcd + d®

a’c+adc+ be? +d’c
Given trace (A) =a+d=3

and trace (A3) =a’+d*+3abc+3bcd = -18

= a+d*+3bc(a+d)=—18

= a+d*+9bc=-18

= (at+d)((a+d)>-3ad)+9bc = —18
= 3(9-3ad)+9bc=-18

= ad—bc=5=determinant of A
M-I1

A_ab
“le dls A=ad-bc

Q.26

Matrices and Determinants

|A=\I| = (@A) (d=\)-be

=\2—(a+d)A+ad-bc

=A2-3\+A

= O=A2-3A+Al

= A?=3A-Al

= A’=3A-AA
=3(3A-AD-AA
=(9-A)A-3Al

:(9—A)[: ﬂ_m{; ﬂ

- trace A=(9-A)(a+0)—6A

= —18=(9-A)(3)-6A
= 27-9A
= 9A=45 = A=5
(A,B,D)
1 0 01 2 31 0O
PEP=|0 0 12 3 40 0 1
01 0/{8 13 18){0 1 O

ee]
@
&
o
o
[
Il

ee]

18 13
4 3

N
w
N
o
=
o
N

0
01
10

(B) [EQ + PFQ | = [EQ| + |PFQ7|
[E|=0and |F|=0and Q| %0

- - 1_%:0
[EQI= [EIQI=0, PFQ|= o,

T=EQ+PFQ*
TQ=EQ*+PF=EQ*+PPEP=EQ?+ EP=E(Q?*+ P)
[TQl = [E(Q?* + P)|= [TIIQ| = [EIQ* + P|= 0= [T| =0
(as|Ql#0)

(C) I(EF)’> |[EFF

Here 0 > O (false)

(D)asP’=|1 = P'=Pso P'FP=PFP=PPEPP=E
sOE+P'FP=E+E=2E

P1EP+F = PEP+ F=2PEP

Tr(2PEP) = 2Tr(PEP) = 2Tr(EPP) = 2Tr(E)

= O
[N
o

o

1
o O -
o - O
= O O

o
[ERN
o
o
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Determinants

| EXERCISES |

ELEMENTRY Q.3 (2
Q1 (¥
1 o o lto+0° o o
1 a a| [0 a-b a®-b? o o 1l-lltote? o 1
2|_ 2 2 R,—>R,-R
1 b b%=|0 b-c b°-c "by ! o2 o 1 o lto+e® 1 o
1cc®l |1 ¢ c? R: >R —Rs
2
(O]
0 1 a+b -0 o2 1l=0
_(a=b)(b-c)|0 1 b+c 0 1 o
1c¢c ¢
4 4
0 0 a-c Q “
- - by C, > C+C+ Gy
_(a-b)(b-c)j0 1 bJ;c by R, — R, ~R,
Lec 1 3 5
we have (9+x) 1 x+2 5 =0
00 1 1 3 x+4
=(a—b)(b—c)(a—c)0 1 b+c
1 c¢c c 0 1-x 0
0 -(1-x) 1-x|=0
= (X+9)
= (a-b)(b-c)(a-c).(-) = (a-b)(b-c)(c-2) 1 3 x+4
Q2 (1)
Q5 (4
e B S b 2b 3b b 2b 3b
123:323b a+ a+ a+ a+ a+ a+
L3 la36 y C—C+C, a+2b a+3b a+db|=| b b b | _g
a+4b a+5b a+6b 2b 2b 2b
121 o Re R Ry
=[1 5 3| byC,>C,+C, Y Ry > R;-R,
1 9 6
Trick: Putting a=1=b . The determinant will be
311 2 3 4
_|6 2 3 b C.+C 3 4 5/=0 . .
= y G > C+C+GCy . Obviously answer is (d)
10 3 6 56 7
) 1 1 Note : Students remember while taking the values of
But 212 2 3 a,b, c,....... that for there values, the options (@), (b),
2 3 6 (c) and (d) should not be identical.
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Matrices and Determinants

Q.6

Q.7

Q.8

Q.9

Q.10

(2)

The cofactor of element 4, in the 2nd row and 34 0 ¢ b’
column is _-2[b*> & 0 b R, > Ry-R;
T2 o 2l Y Ry >Ry -Ry
1 3
:(_1)2+3 8 0 _ _
0 2 =—{1(-2) - 3(8-0)+ 116} = = _2{—c?(b%a?) + b?(—c?a?)} = 4abc? .
Trick: Puta=1, b =2, c=3 so that the option give
10. different values.
(2)
(2) We know that Q11 (2)
a b c|lA B C y+z X Yy o 1 1
AAN =|a, b, c,|.|A, B, C, Z+X Z X| _(xyy+2)|zex z X
a3 b3 C3 A3 B3 C3 X+y y z X+y y Z
SaA, 0 0 A O O by R >R;+R,+R;
=/ 0 zaA 0 |=|0 A 0[=A°
0 a'(z)z TaA 0 0 A v
s = (X+y+2)|x z x|;byC,>C,-C,
= A!:AZ X y VA

X+y+2){ (z2 —Xy) —(xz—xz) +(xy —x2)}

(3)

C, = (-D)**(18+21) = -39 (X+y+2)(x-2)* = k=1

C,, = (-1)*2(15+12) = 27

C, = (-1)¥°(-35+24) =11 Trick: Put x=1y=2, z=3,then

51 2
(2 4 3 1|=57)-112-3)+2(8-9)
_ 2 38|_ ., o 2, 323
Minorof -4= | g |~ 9=y g™
= 35-9-2=24
d cofactor of - 4 =(-1)*"(-42) = 42 ,
and cofactor of (-D(-42) =42 and (x+y+2) (x—2)2 = (6)(-2)? = 24
cofactor of 9= (-1)**(-3) =-3.
k=2
24
(3)
b2 +CZ a2 a2 Q12 (2)
(3 Aa=| p* c*+a® b’ +a 1 1
2 2 a2 + b2 1 1+b 1 |=A
1 1 1+c
0 2 b2 Applying C, »C,-C;, and C;—» C;-C,,
2lp? 2422 b2
= ¢+ byR; >R, — (R, +R3) 1ta -a -a
2 at+b?
1 b O
1 0 c
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Matrices and Determinants

Onexpandingw.r.t. Ry , [C,—C,-C, and C, » C,-C,] and then taking

ab+bc+ca+abc= A out common from Iind column (b?>-a®) and (
"""" © ¢ —a%) from Ilird column].
Given, gt +pbt4ct=0
11 1 Q.16 (3)
= —+-+-=0 = ab+hc+ca=0
a b c 2 2 ;2
1+sin“6 sin“0O sin“ 6
= A =abc , (From equation (i)). 020  1+cos?0 0?0 =0
4sin46  4sin40 1+4sin46
Q13 (2 Using C, - C,~C,,C, - C,~C,
Applying C, > C,+C,+C,
1 0 sin’@
1 @+b")x (1+c*)x |11 s [=0
f(x)=]1 1+b°x (@1+c*)x 0 -1 1+4sin40
1 A+b*)x 1+cx
. . -1
(ca+b2+C+2=0) :>2(1+25|n49):0:>sm49:7
[Applying R, > R, -R,, R; > R;—R,] Q.17 (2
1 1+b)x (1+)x 1 x+3 3(x*+3x+9)
2
=0 1-x 0 = (1-x)2. F(X) = 2(X—3)(X—5) : 1 x+5 4(x°+5x+25)
0o 0 1-x 11 s
Hence degree of f(x) = 2. (Taking out (x—3),(x-5) and 2 from Ist row, lind
row and llrd column respectively)
Q.14 (4
4+x* 6 -2 0 (X+2) 3(x*+3x+8)

6 9+x*> 3 |=x'(14+x?)
-2 3 1+ x?

2 X% +11x + 73|,

F(x) = 2x-3)(x-5) | °
11 3

=xx3(14+x?)
Hence, the determinant is divisible by x, x3 and (R,>R,-R; andR, >R, -R,)

(14+x?) , but not divisibleby 5. =2(x-3)(X-5)[Lx+2)

(X* +11x + 73) — 6(x* + 3x + 8)]

Q.15 (3) = 2(x? —8x +15)(x® +13x* + 95x
0 b_a® c_a +146—6x* —18x — 48)
a-p° 0 c-p = 2(x? = 8x +15)(x® + 7X? + 77x + 98)

a-c b’-¢ 0
= 2(x® - x* +36x> — 413x* +371x +1470)

f(1)=2928, f(3)=0, f(5) =0

0 11
(b &) C _a)| &b 1 1=0 A F@F@)+F(F(B)+T(B)F(D) =0+0+0
a-c 11 —0=1(3
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Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

(4)

y+zZ X-2
y—2z zZ+X
Z-y z-X

X-y
y—X| =| 2y 2X 0
X+y 2z 0 2X

y+z X—2z X-Y

R,>R,+R,and R, > R, + R,

Matrices and Determinants

1 1 1
5 -1 p|=0
2 3 -1

So thisdependson w1 only.

Q.24 (1)
Y+Z X-Z X-Yy Given system of equation can be written as
=4 X 0
y 1 1 1][x 2
z 0 X
3 -1 2|yl|=| 6
311 -18
=4 (y+2)(x*) - (x=2)(xy) +(x=y)(-2X)] z
= 42y + 2% — X2y + XyZ — 2X2 + Xyz] = 8Xyz On solving the above system we get the unique
solutionx =—-10,y =-4, z = 16.
Hence k=8
Q.25 (1)
(3)
It has a non-zero solution if 1 a0
1 Kk - 0 1 a|l=0=1+a@)=0=>a’=-1=a=-1.
a 01
3 -k =0= 6k+6=0=k=1
1 -3 1
JEE-MAIN
OBJECTIVE QUESTIONS
(4) Q1 (2

(1)

For the equation to be inconsistent D =0

1 2 -3
D=| 0 O k+3|=0=k=-3 and
2k+1 0 1
1 2 -3
D,={3 0 0|0 Q.2
00 1
So that system is inconsistent for k = —-3.
(4)
If the given system of equations has a non-trivia 0.3
3 -2 1
solution, then |+ 14 15|=0=21=29"
2 3

(1)

For unique solution of the given system D =0

_ A2

A= A2

_ A2 _ A4
A= A2 = A}
_ A2 _ A8
A= AL = AD
_ A2 _ Alb
A= A2 = A

n
and soon A = A% Ans.

(4)
Clearly, f(8) =2 sin?0 —1 =—cos 20
f(0) =0=cos26 =0

So, number of solution are 4.

(4)

1 1 1
Wehave |1 1+ c0s6O 1 =0
1 1 1+tan6

Apply R, - R,—-R, and R; > R;—R;.
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Q6 (1

1 1 1 i
-1 2 1
Weget (O cosO6 O |=0
0 0 tane 3+ 2\/5 2+ 2\/5 1
tan 6 - cos O = 0 (on expanding along C,) 3_2ﬁ 2-2/2 1
But cos 6 = 0 (Rejected) ApplyingR, > R,—R, & R, > R, —R,
= tan® =0 -
= O=nm,nel -1 2 1
0 =m, 2r, 3. _l4+242 242 o :1(—8\/5—8 5 +8)
04 (1) 4-22 22 0]
u? 2’ 1 = -1642
v 2 1 -0 So absolute valueis 16./2

3w? 2w® 1
Q7 (4

R,»R,-R, and R, >R,—R, o, B, y areroots of X3+ px +q=0

u?-vZ ul-v® 0

N Vew? vV-w® 0 o a By
2 3 =

W W 1 s o+ PB+y=0Here By a

vy o P

u+v  u?+vi+vu 0

vew viewiivw O ApplyingC, - C, +C,+C,

=0

= 2 3
w w 1 1B v
fioR-R, (@+B+p) [F ¥ % =0
u-w  (U2-w?)+v(u-w) 0 1ap
VHW vZ+w?+vw 0l _,
w? w? 1 Q8 (4
a¥+aX)? @ -a*)? 1
1 u+w+v O (y _y)2 (3 _y)z
L jvew vewievw 0| _ g (b7 +b7)" (b"-b77)" 1
w? w3 1 (c2+c2)? (c2-c2)® 1
= (VZ+W2+vw)—(v+w) [(Vv+w)+u]=0 ApplyingC, - C,-C,

= V2+W2+VWZ(V+W)2+U(V+W) ) o
= uw+vw+wu=0Ans. 4 @-a7) 1
5 (3 4 (07-b7)° =g
. z —-Z\2
Consider the det. B, usingR; > R, + R, + R, 4 (c*-c7?) 1

9 2
a+p+x b+qg+y c+r+z Q (@)
B=2| a+X b+y C+z b,+c, c;+a; a;+b;
a+p b+q C+r b,+c, c,+c, a,+b,
using R, > R,-R; and by+C3 Cz+az ag+bs
R;—>R;—R, Taking two common, applying C;, - C, + C, + C,
a+p+x b+g+y c+r+z 2(a;+by+cy) ci+a; a;+by
=2 —E -q —; _|2(@,+by+c,) cy+a, a,+b,
y 2(azg+bsz+c3) cy+a; asg+by
using Ry —> R, + R, + Ry Applying C, > C,-C, & C,—>C;-C,

B=2det A=2-6=12
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Q.10

Q.11

a;+b;+c; -b; -cy
=2 |a+b,+c, -b, -cC,
az+bz+cy -by; -c4

ApplyingC, - C, +C, + C,

a; by ¢y
-7 | b, c,
az by cj3
(3)
X  X+y X+y+2z
A= 12X 5x+2y 7x+5y+27 =-16

3X 7X+3y 9x+7y+3z
ApplyingR, > R,-2R & R, > R,-3R

1
X X+y X+Yy+z

A=[0 3xX  SX+3y| __ 46

0 4x 6x+4y

ApplyingR, - R,—R,

X X4y X+Yy+z
0 3x 5x+3y|=-16
0 x X+Yy
ApplyingR, > R,—3R

X X4y X+Yy+z
0O O 2X

0 x X+Yy
16 =>x3=8 = x=2

=-16 = —2X(X2—-0) =—

(2)

b, +c¢,
b, +c,
b; +cy

Cr,+Cy
Cz +asz

a; +b;
a,+b,
as +by
Taking two common, applying C, — C, + C, + C,
2(a;+b;+cq) ci+ay
2(a, +b, +cy) cy+a,
2(az +bg+c3) c3+a,

a; +b,
a, +b,
as +b,

Applying C, > C,-C, & C, > C,-C,

a;+b;+c; -b; -c;
=2 l|a,+b,+c, -b, -c,
as+by+cy; —-by —c4

ApplyingC, - C, +C, + C,

Q.12

Q.13

Matrices and Determinants

a; by ¢
=9 | b, ¢,
ag by c3
(3)
X  X+y X+Yy+2z
A= 2X 5X+2y T7x+5y+2z =-16

3X 7X+3y 9x+7y+3z
ApplyingR, > R,-2R & R, > R, -3R,
X X4y X+y+z

A=[0 3X SX+3Y| _ 46

0 4x 6x+4y

ApplyingR, - R,—R,

X X+y X+y+z
0 3x 5x+3y|=—-16
0 x X+Yy
ApplyingR, - R, -3R

X X+y X+y+2Z
0 O 2X

0 x X+Yy
16 =>x*=8 = x=2

=-16 > —2x(x*—0) =—

(2)
cos(0+¢) —sin(6+¢) cos2¢

sin® cosH sing
—Ccos6 sino CoSo
cos(0+¢) —sin(0+¢) cos2¢
=—— | sinBsing  singcos® sin®¢
singcos ] 5
—cosOcos¢ sinBcosd cos”
ApplyingR, > R +R, +R,

0 0 2c0s? ¢
=—— | sin@sing singcosd sin®¢
singcos ¢ . 2

—cosfcosd sinBcosy cos” ¢
0 0 2cos?¢
=| sinb cos®  sing | = 2cos (sin0 +
—cosO sind  cosd

cos’0) = 2cos’d
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Q.14

Q.15

Q.16

Q.17

Q.18

92

(2)

sinfcos¢ sinBsing cosO
A= cosfcos¢ cosOsing —sing| .
—sinBsing sinBcosd 0 |
cos¢ sing cotO
A = S0 cosd cos¢ sing —tand
—sing cos¢ 0
ApplyingR, - R —R,
0 0 cotf+tano
A = sin? 0cosd cos¢ sing —tano
—sing cos¢ 0
A=snb
(2

Expand the determinant using first row and use x —y
=A,y-z=Bandz-x=C
= A+B+C=0

(1)
A =
1+a’+a* a+ab+a®m? 1+ac+a’c?
1+ab+a%b® 1+b?+b* 1+bc+b?c?
l1+ac+a’c® 1l+bc+b%c?® 1+c?+c?
1a a1 1 1
_|[1bbplla b ¢
1 ¢ c?| |a? p? ¢?
=(a-h)?(b-c)?(c-a)?
(4
sno —-cosf A+1
For non trivial solution |[€C0SO®  sSIn® -4 | =g
A+1  cosO

s thisgives2cosd (A2 + A1 +1)=0

(4)

For non trivial solution

1 —cosO cos20
—cos0o 1 —cosO| =0
€c0s20 -cosO 1
using C,—»C-C;
2sin’0  —cos® cos20
0 1 —cosO| =0
—2sin®0 —cosb 1

Q.19

Q.20

Q.21

Q.22

1 -cosO cos20
= 2s8n?0 |0 1 —cosO| =0
-1 -cosO 1
sin20 =0

or 1[1 - cos?0] — 1[cos’0 — cos 20]
Sin?0 — [cos?0 — (cos?0 — sin?0)]
sin?0 —sin’0 =0

hence D=0V 6eR

= (4)
(1)
For non-trivial solution
(a+a) o a
a a+b o | _g
o o o+C

Taking o. as common from each row

1+2 1 1
o
1 1+2 1
= od o c =0
1 1 1+8
(03

ApplyingC, — C, -C,, C,— C,—C, and expanding

[§+E+ﬁ+@} o
(X2 OL2 OL2 (X3 B

(1)
-2 1 1
A=|l -2 1
1 1 &

For no solution of system A = 0 and at least one of
theA , A, A, isnon zero.

forA:Oy,x:—Z
(2)
1 -2 1
D=|2 1 —2|whichvanishes
1 3 -3
hence for atleast one solution D, =D, =D, =0
a -2 1
D, = b 1 -2|=0= a-b+c=0 Ans.
c 3 -3
(2)
For non zero solution
D=0



Matrices and Determinants

Q4 (A)
1 2a a
3 4 5
D=13bb=0 a’—x a —-x a’>-—x
1 4 ¢ a®—x a®-x a’-x

7 8 9
1(3bc — 4bc) — 2a (c — b) + a(4c —3b) = 0 a-x a-=-x a-Xx

—he—2ac+ b + 4ac -3 =0 ApplyingR, >R, ~R, R, >R~ R,

—bc+2ac-ab=0
ab + be = 2ac a-x a*-x a°-x
Divide both side by abc _ a®—ad af-a* a’-a° .
1,12 a’-a° a®-a°® a’-a’
c ab
Hencea b, carein H.P. 3 4 5
a°-x a"-x a’>-—x
JEE-ADVANCED a®-1 a’-a a'-a’| _,
OBJECTIVE QUESTIONS a?-1 a*-a a*-a?
Q1 (O
2log,,a +log,,(a—1) = log,,2a Q.5 (©
L @d(@-1)=2a az0
L @-a-2=0 = (a-2)(a+1)=0 2a b e ab e
= a=2, -1 a:2] Al: 2d e fl=4|d e f ;
4x 2y 2z Xy z
Q2  (B)
Q3 (A f 2d e f d
2 A,= 12z 4x 2y =41z
a“+1 ab ac e 2a b e ab
ba b’*+1 bc
ca cb  c2+1 C, < C, followed by
-~ d e f
. a@®+1) a’b a’c A= |X Yy z
== b%a  b(b*+1) b a b c
abc
c’a c®  c(c?+1)
- b e
o a?+1 a?  a? R, <> R, followedby R, &> R, =|% © f
=—ab° b2 b2+l b2 N y z
abc 2 2 2 2= M
| c c c +1 = A,-A,=0
ApplyingR, > R +R_+R
ppIyINg <, = I, + 1k, + Ry 06 (D)
1 1 1 _
(a2+b2+cz+1)b2 b2+1 b2 SNX Cf)SX COSX
c2 2 24 COSX SnNX cosx|=0
_ COSX COSX Sinx
ApplyingC,— C,-C & C,—» C,-C,
C,—C,+C,+C,
100 1 cosx cosx
(@2 +b%+c?+)b? 1 O =(R+?+2+1) (snx+2cosx)[1 SiNX ©€OSX| =0
c? 0 1 1 cosx sinx
R,—>R,—R,
R,—> R;—R;
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(sin x + 2 cos x)

1 COSX COSX
0 sinx-—cosx 0 =0
0 0 SiNX — COSX

= (sinx+2cosXx) (Snx—cosx)?=0
Hence tanx=-2 or tanx=1
Total 200 solutions.

Q7  (C)
C,—>C,+C,+C,
f(x)

1+ 2x+x(@%+b%+c?) (1+b?)x (1+c?)x

= [1+2x+x(@%+b%+c?) 1+b*
1+ 2x +x(a%?+b%+c?) (1+b?)x

(as @+ b?+c2=-2)
1 @+b%)x (@+c?)x

1 1+b’x  (@+cH)x
1 (+b*)x  1+c?x

R,»>R,-R, & R;,>R;—R,
1 @1+b%)x (@+c?)x

0 1-x 0
0 1-x 1-x

f(X)=(1-x)2=1-2x+x? =
Q8 (B)

a’c
b’c
¢+

a+1 a
a’ b+1
2

ac bc?

=11

a’c
bc

a@+1) ab

= ab®>  b(b3+1)
abel 3 bc®

a+1 & a’
ab.c

s I C I ¢ SR, JN O

ab.c 3 3 By

=11

Applying ¢, — ¢, -¢,, C,—> C,—C,;, Weget

1 0 a°
- -1 1 bp*l=n
0 -1 c+

94

c(c3+1)

1+c?)x
1+cx

©]

=11

Q.9

Q.10

Q.11

= a+pP+cc+1=11 = a+b*+c2=10
Only possiblesare (1, 1, 2) (1, 2, 1), (2,1, 1)
Number of triplets = 3.

(A)

[ Hint: Use C,—» C,—~C,—-2Cgthen C, > C,
+C,take & + b? + ¢ common from first column]
(A)

a b ax+b
b c bx+c=O
ax+b bx+c c

(i)

ApplyingC,— C,-C,

a b ax

b c bx -0 =
ax+b bx+c —bx

a b a
X b c b -0
ax+b bx+c -b

ApplyingC, — C, -C,

0 b a
X 0 c
ax+2b bx+c -b

= x(ax + 2b)(b*—ac) =0

2b
.. Non zero root of equation x = T

15-2x 11 10
(ii) 11-3x 17 16
7-x 14 13
15-2x 1 10
Applying 11-3x 1 16 -0
7-x 1 13
ApplyingR, - R, -R, & R, > R, —R,
8-x 0 -3
4-2x 0 31_g_ q[8-x)3+3(4-
7-x 1 13

2X)] =0 > 9% =36 =>x=4

(A)

(a+a) « o}
For non-trivial solution o at+b o« =0
o o o+ C

Taking . as common from each row



Q.12

Q.13

Q.14

Q.15

Q.16

1+ — 1 1
o
1 1-&—B 1
= ol a c =0
1 1 1+ —

= — =—
a

-2 1 1
A= 1 -2 1
1 1 A

For no solution of system A = 0 and at least one of
theA, A, A, isnon zero. forA=0,A=-2

(B)
11 -1

1 2

Here A = -3 system has unique solution if

A=0andatleast oneof A, A, A, is non-zero.
A=1-2L+15)-1(-A+6)-15-4)#0=>-2)
+15+1-6-1#0=>-A+80=>A =8

(D)

12 3 4 2 3
A:1p2; szgp :
14 3 4
14 3 12 4
A=l372 Azzl 3
Yol 3y 14 3

For infinite no. of solution A = A = A=A, = O=u
=2, p= 4

(B)

A sino  cosa
For non-trivial solution |1 €0S®  Sina | — g
-1 sina -cosa

= A=sn20+C0S20 = —+/2 <sin 20 + cos 2o

g\/E:_\/ESXS\/E.

(D)
(@-1)x+0y+z=aqa

Q.17

Aliter :

Q.18

Matrices and Determinants
x+(b-1)y+0z=8
Ox+y+(c-1)z=y
For no unique solutionD =0

(a-2 0 1
1 (b-12) 0 [=o0
0 1 (c-1
@-1)(bb-1)(c-1)+1=0
La=2b=2,c=0
Hence, |a+b+c|=4.

(©)

To have anon-trivial solution, we must have

k k+1 k-1
k+1 k k+2
k-1 k+2 k

=0=2k+1=0

= k=—".

2
ApplyingR; - R, -R,andR, - R, —R;, we get

-1 1 -
2 -2 2|_g
k-1 k+2 k
Applying C,—»C-C,and C,—»C,-C,
-2 4 -
we get, 4 -4 2 =0
-3 2 Kk

Expanding along R,, we get
—2(—4k—-4)-4(4k +6)-3(8-12)=0 =
8k+8-16k-24-24+36=0

= —-4-8k=0 = 8k=-4

‘ -1

=5
(A)
p+a b c

A= a q+b C =0

a b r+c
R,—>R,—R;, and R, — R, —R;
and expansion
pqc+(q(p+a)+bp)r=0
C a b
—+1+—+— -
r P q
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JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q.1

Q.2

Q.3

Q.4

Q.5

96

(AC)

a—x x/na 2 —X X 2

f(X)= a—3x e3x€na X4 —la
a—5x e5x/,na 1 a

a—x e—x/,na X2 a

3x e—3n€na X4 a3X a—3x X4
f(—X): 5y =
a

e—5xéna 1 5X _5x 1
=—f(x)
L F)+F()=0
(ABD)
1 x? 1 x x°
A=x* 1 x|, A=(1+x+x)|1 1 x
x> 1 1 x2 1

=(1+x+x%){1(1-x%—x(1-x)+x3(x2-1)}
(A +x+xX){1-x3=x+xX2+x*=x)=(1+x +
x2) {x*=x®-x+1)

A=(1-x9% A'=2(1-x% (-3%%) ;
A'(D)=0

(AC)

p=a; gq=a+d; r=a+2d; s=a+3d = f
X)=-2a?

AlsouseR; -» R, -R,andR, -> R, —R,

(AB)
X 2y—z -z
(A= y 2x-2z -z
y 2y—z 2x-2y-z
ApplyingR, - R,-R & R, > R, —R,
X 2y—z -z
_y-x 2x-y) 0

y-x 0 2(X—y):(x_y)

X 2y-z -z
-1 2 0
-1 0

So Aisdivisibleby (x—y) & (x —y)2

=4(x-y) (x+y-2)

(CD)
Wehave D, = (a+b+c)(c—a)?

and D, = (a—-b)(b—c)(c—a) (a+b+c)(@+b?+c?)

Q.6

Q.7

Q.8

Q.9

(ABCD)

a,—b, a;-b,
a,—b;, a,-b,
ag—b; az—b,

a; —bg
a, —bg
az —b;

R,>R,-R, & R,>R,-R,

a—-b, a;—b, a,
a3 —a; az—a, az;—a

a-b, a-b, a
d d d

=0
d d d
A=0
(ABC)
-X a b 1 a b
(A= b -x a =(a+b—x)1 -X a
a b -x 1 b -—x

ApplyingR,->R,-R,, R, > R, —R,

1 a b
:(a+b—x)0 —(x+a) a-b —(a+b-x)
b-a —(x+b)
{(x+3 (x+b)+(a-b)%}
(BD)
b c ba +c
(A= c d ca+d -0
ba+c ca+d aa®-ca
ApplyingC, - C,—(C.a+C)
b c 0
A= c d 0 -0

ba+c ca+d aoa®-ba?-3ca—d

(ao® —ba?—3ca —d) (bd-c?) =0
‘. Either b, ¢, din GP or a isroot of ax® —bx? —
3cx—-d=0

(AC)
a’(l+x) ab ac
(A=| ab  b*L+x)  bc | =@
ac bc c2(1+x)
1+ x) 1 1
1 (@+x) 1
1 1 1+x)

ApplyingC, - C, +C,+C,



Q.10

Q.11

1 1 1
FDPC(3+) 1 (1+x) 1
1 1 (1+x)

ApplyingR, - R-R,,R, > R,-R,
0O x O

=0 X X 3ex) = @P(3+X) X
1 1 1+x

Whichisdivisible by x2

(ABD)
1/x logx x"
fx)=|1 -1n (-D";
1 a a°
-1/x?> Ux nx"?
)= 1 -1/n (-D"
1 a a?
2/x3 -1/x®> n(n-1)x"2
1 -1Un (="
f"(x) =
&) 1 a a®
aonl ()"t -1
(_1) Xn+1 Xn n!
1 ~1/n 1"
f(x) = 1 a 22
-D"n! ()" 'h-2! n!
n
rw=| 1 YT Cl ey
a a
1 -1/n (-1
1 -1/n (D" =0
1 a a®
andy =a(x —f"(1))
y=ax
(BCD)
2sinx sin’x 0
fx)=| 1  2sinx sin®x| =2sinx (4sin
0 1 2sinx

—sin?x) — sin?x(2sin x) = 6sin®x — 2sinx
f(x) = 4 sin3x

= f’(x) = 12sin?x cos X

(B) f'(n/2) = 12 sin? (=/2) cos (n/2) = 0

Matrices and Determinants

(C) f(=x) = —f(x) odd function
Eﬂf(x)dx =0
2

(D)atx=0,y=0

&
= (dx 00) - 0 tangent at (0, 0)

dy
y-0={4gx 00) x-0 =y=0

Q.12 (ABCD)
2cosx 1 0
f(x)=] 1 2cosx 1
0 1 2cosx
f(x) = 8cos®x — 2c0sx — 2c0Sx = 2c0S3X + 2C0SX
f'(x) = —6sin3x — 2sinx = 0
f(0)=0(D) ;
f"(x) = —18cos3x —2cosx < 0,at x =0
f(0),, =2+2=4
Ionf(x)dx = Ion(20033x+2003 X)dx =0
Q.13 (ABCD)
For n™" order determinant A = IC,| =D
(A) For 39 order determinant A = D3 =D?... (1)
(B) From (1) if D=0thenA=0
(CA=27=3°
A=(3P)?2=3° (a perfect cube)
Q.14 (ABD)
(Det (A) = (-1)" det (A) where nis order of square
matrix.
Q.15 (AD)
14p° B P’ 1 p P
3 oa—-2 3|=0=|0 a-2 3
o 1 o 0 1 o

=02-20-3=0=>0=30r-1
I p=3or—1
Buta>B=>a=3andp=-1.

Paragraph for question nos. 16 & 17
Q.16 (C)

Q17 (D)

16 to 17

(i) c,—>¢C¢—-C, C,—>C—C, C3—>C3—2C
2 1 2 1 1 2
l+o « B =11 « B

4- 3-B a+l] |1 3-B o+l
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(i)

Q.18
Q.19

Q.20

18

19
20

Q.21

98

1 0 0 sn20 1 1
=11 a-1 B-2 q0) = v/2|cos20 2 3 = \/E(sin 20 — cos 20)
1 2-B a-1 cos20 3
=(a-1)2+P-2?=0= a=1 B=2,y=4
<. the cubic equation is = \E[— V2, \E] =[-2.2

x3—7x2+14x-8=0 _
cos0 sn® coso

100 r r 100 r r . .
a — =|-snB cosb gno| = _
S:Z o +(_j ZZKEJ +[_1j r(6) . 2c0s0 = [-2,2]
=\ B b =\ 2 2 —-cos® —sin® coso
50 sec’0 1 1
1 1 _ 2 2 20l — ru
=11-1= and s(0)=|cos"® cos"® cosec 6| =(sin?0—1)?
4 1 cos’® cot’@

N

50 12n 4
- X EJ _ | ( 1)
- 1—2 = [O, 1]

Q.22 (A)—(9); (B) = (p); (C) = (p): (D) = ()

2(1 1 jA
=—|1-—5 | Ans.
3 2w 12 3] 1
4 5 6| |2 _
Comprehension #2 (Q. No. 18 & 20) A 1 x 1] 3 2 & =0
(A) 1
(D) S [L+4x+32+5x+23+6x+5] | 2|~ 0
(A)
. 1
cos(a+0) sin(a.+06) : I |2|-0
. = |4+4x 5x+4 6x+8 =
cos(B+0) sn(B+0
(o (o pry = [0S +0) Sin(B+0) .
cos(y+6) sin(y+0) = 4+4x+10x+ 8+ 18 + 24 =0
A (e, B,y) = sin(a—Pp)sin(B—7y)sin(y—a) =k = 32x+36=0
= which isindependent of 6 = x=-9/8
(B) n2 =49 = u2 ==x7
If a:An/Z(a: B:Y) & b=ATc/3(a’s Bsy) (C) (A_Q\II) :0 = 7\'2_47\‘4_5:0
so a=b (Independent of 6) S AS=4A+31=0
4 1 1
AZ+AZ—2Ay )2 =k2+K2-2k2=0 141
If o, P,y arefixedthen y =A (a, B, ) = constant (D) Leta=b=c=1 = =k.27
which is astraight line parallel to x-axis. 114
54 =27k = k=2
A)->QqB) >R (C)>R (D) —>P
(b+c)®>  a? a®
_\/E Sne C039 b2 (C +a)2 b2
: Alter :
p)=| 1 cos® sinb | = .2+sn20+cos c2 c2 (a+Db)2

-1 sin® -—cosH ApplyingC, —» C,-C,,C,—> C,-C,

20 = ﬁ+[—ﬁ,ﬁ] = [0, 2\5] b+c-a 0 ai
0 c+a-b b

(a+b+c)? )
c-b-a c-a-b (a+bh)



ApplyingR, —> R,— (R, +R))

b+c-a 0 a®
(a+b+c)? 0 c+a-b b?
-2b —2a 2ab
a(b+c-a) 0 a’
_(@a+b+c)? 0 b(c+a-b) b?
- ab —2ab —2ab  2ab

(b+c-a) 0 a
2 (a+b+cz| O (€+a=b) b4
1 11 Q3

(a+b+c)d

Q23 (A)—»PRQT;B)—>S(C)-»PR;(D)—> R

Here 24 matrices are possible.

Values of determinants corresponding to these
matrices are as follows :

10 10
4 2 = 2 (4 matrices), 2 4 =4 (4 matrices),

Q4
2 0
1 4
And 12 more matrices are there, values of whose
determinants are -2, -4, -8.

(A) Possible non-negative values of det. (A) are 2, 4,
8

(B) Sum of these 24 determinants is 0.
(C) Mod. (det(A)) isleast .. |A|=%2

|(n71)3

= 8 (4 matrices)

= | adj (adj (adj (A)) | = |A
(D) Least value of det.(A) is—8
1 16

Now,|4A—1|=16m :_8

=+2

=2

NUMERICAL VALUE BASED
Q.1 [34]
Put x=-1

-2 —_2 _
A-B+C-D+E=|0 3 - Q5
2 3 -3

=-2(-9+12)+2(8+12) =—-6+40=34.

Q.2 [Q] Sol.
Let A isthefirsttermand D isthe common difference
of corresponsding A.P. then

1 1
- =A+(P-1)D; p =A+@-1D;

.

Matrices and Determinants

1
E:A+(r—1)D
bc ca ab 1/a 1/b 1/
Le a=|P O Thoge (P 0 T
1 1 1 1 1
Applying R, - R, —=D(R,) — (A -D)R,
0 0O
a=ac P 9 M=o
111
[9]

R, > R,—R,andR,—» R,—R,
f(x) =—(a,—X) (8;—X) =—Xx>+ (a, + a;) X —aa,

JD
|a2—a3|=m =6:>\/5 =6

va = 2 230 g
X T4 7Y
[13]
0O -1 3
PutA=0,weget E=|1 2 -3=21
-3 4 O
and
1+§ 1—E 1+§
A A A
B C D E 1 2 3
A+I+—2+ 3+F_ +? 5+X 1-—
1—% 1+ﬂ 3
X A
11
Teke A —o>o,weget A=1 5 =8
11

. (E-A)=21-8=13

[50]

a, a, a;
D= 5 4 a4

a; ag Qg

1 11 1
:al,az, ..... T ,ag areinA.P
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Q.6

100

i1 1 113
"4 5 20 5 a 20
1 1 1 1 (h-) n
:>—:— =t —=
a; 20 a, a 20 20
_20
= 8=
022 |1
2 3 2
Hence, D = 20 20 E——(ZO)S 1 4
" 14 5 6| 4x7| 5
20 20 200 |7
7 8 9 8

R— R -R,and R,—>R,—R,

0 3
10 3
_@oPly =3 1l s
4x7 40 9| 21
L 7T
8 9
= 21D =50

(2]

—-bc  b2+bc c?+bc
a’+ac -ac
a?+ab b?+ab

c? +ac
—ab

—abc  ab?+abc ac?+abc
N 1 la%h+abc -abc  bc? +abc
abe |,2c  apc bZc+abc  —abc

-bc ab+ac ac+ab
abc |ab+bc -—ac bc+ab

= ab
ant lac+bc bc+ac -ab

ApplyingR; -> R, + R, + R,

1 1 1
ab+bc -ac bc+ab
ac+bc bc+ac -ab

(ab + bc + ca)

ApplyingC, - C,-C,,C, > C,-C,
= (ab + bc + ca)

O|~NWINW|

Q.7

Q.8

Q.9

1 0 0
ab+bc —(ab+bc+ac) 0
ac +bc 0 —(ab+bc +ca)

= (ab + bc + ca)?3
As per Question
(ab + bc + ca)’ =43

({f@@+bo+a) )= 2°
J@+bora) =2

[250]
5+sin’x  cos’Xx 4sin2x
Given f(x)=| sinx  5+cos’x  4sin2x
(sin?x)  (cos’x) 5+4sin2x

Applying R, > R, -R,andR, > R, —R,

5 -5 0
0 5 -5 - o5

f(x) = | . A _
sin“x (cos“x) 5+4sin2x

1 -1 0
0 1 -1
sin®x cos’x 5+4sin2x
f(x) = 150 + 100 sin 2x
Thus maximum value of f(x) = 250. Ans

[2]
By operating R, » R, —R, and R, > R,—-R;

p—-a b-q O
o=| 0 q-b c-r
a b r

0=(p-a){r(q—b)—b(c—r)} +a-q) (c-7)
0=(p—-a) (rq—rb) +ab—q) (c—r) +b(p—2a) (r—c)
r b a
0= + +
r-c q-b p-a

Dividingby (p—a) (r—c) (q—Db)

r b a
— | —+1 |+ —+1|=2
= r-c [q—b j (p—a j

r
Therefore + g + P =2
r-c g-b p-a




X a bl |ex? 2a —-b

-1 0 x|-|-1 0 x|=0
X 2 1] | x 2 1

x—cx®> —a 2b
-1 0 x (=0
X 2 1

(Xx—cx?) (=2x) +a(-1—-x?) + 2b(-2) =0
2x2+2cx3—a—-ax?—4b=0
2cxd3—(a+2)x>—(a+4b)=0

The above equationis satisfied by four different values

of X,
. Itisan identity.

c=0,a+2=0 a=-2, a+4b=0 b=
- - P72 o1

at+t4b+c=0.
Q.10 [17]
Each term is zero independently.
- b=1,¢=0
= a= 4 =1,Cc=
0 1/2 1
. Required determinant= |3 1 1|=
0O 5 2
KVPY
PREVIOUS YEAR'S
Q1 (B)
Ak=1,B’=0 (det (B) =0)
= det (AB) =0
Q2 (D)
Determinant =
(2015-1)** (2015  (2015+1)**°

(2015+2)®7  (2020-2)™®  (2020-1)2"
(202022 (2120+1)% (2020 +2)*%

Determinant of remainder =

(1) 2014 0 1

92017 52018 (_1)2019

0 12021 2 2022

=1{ 240+ 1} + 1{2%17}

= {(4)®® + 1} +2 . 2206

= (5-1)20+ 1+ 2, 41008
=(5-1)20+ 1 + 2. (5—1)i®

Matrices and Determinants

remainder, (—1)2% + 1+ 2. (~1)1®
=1+1+2=4

7
Hence, k = 3and m = 0

Q3 (B)
1 x x°
1 X2 4
=34 = X=X)2(x>=-x3) (x3-x) =
1 x® x8
x4
= x=0o0r (1-x)?(x*-1)=3
= x*-2x3+2x-4=0
= xX-2)(x¥+2)=0
= integer values are 0, 2
JEE-MAIN
PREVIOUS YEAR'S
(1)
a>+3a+2 a+l
D= a®+5a+6 a+2
a’+7a+12 a+3
R,—»R,—-R;
R, > R;—R;
a®+3a+2 a+l 1
p=| 24 1 0_ 448 sa_10=22
4a+ 10 2 0
Q2 (1)
3 2 -k
A= 72 3-0=k=3
1 2 -
10 2 -3
A= 2 3=0
5m 2 -3
10 -3
A=t 2 = 6(7 — 10m)
1 5m -
3 2 10
A= 72 = 4(7 — 10m)
1 2 5m
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Matrices and Determinants

Q.3

Q.4

102

(2)

1 2 -3
D=2 6 -1
1 -2 7
=20-2(25)-3(-10)
=20-50+30=0
a 2 -3
Db 6 -1
c -2 7

=20a-2(7b+11c)—3(—2b-6c¢)

=20a-14b—-22c+6b+18c
=20a-8b—-4c
=4(5a-2b—c)

1 a -3
D,2 b -1

1 c 7
=7b+11c—a(25)-3(2¢c—h)
=7b+11c—25a-6¢+3b
= —25a+10b+5¢
= —5(5a-2b—)

1 2
Ds2 6 b

1 -2 c
=6¢c+2b-2(2¢c—b)-10a
=-10a+4b+2c
=-2(5a-2b—)
for infinite solution
D=D,=D,=D,=0
= b5a=2b+c

(3)

C,+C,—>C,

2 1+cos’Xx Cos2X
2 cos’X  COs2X
1 cos’x  sin2x
R,—R,—»> R,

0 1 0

2 ©0s’X COS2X

1 cos®x sin2x

Openw.rt. R,
— (2 sin 2x — cos 2x)
cos 2x — 2 sin 2x = f(X)

(e = VL4 =5

Q.5

Q.6

Q.7
Q8
Q.9
Q.10
Q.11
Q.12
Q.13
Q.14

Q.15

(1)

3 42 x
4 52 yl=0
5 k z
R,—> R +R,-2R,
3 42 x
|0 k-6v2 0=0
5 k z

:(k—6\/§)(3z—5x)=0

if 3z-5x=0=3(x+2d)-5x=0
= X = 3d (Not possible)

=>k-6./2 =k=72

(2
log, (4 —2) = 1+ log,, (4" %)
#-2=10|4 158

(497 +4—4(4) -32=0
(4-16) (4 +2)=0

4 =16
X=2
31 4
102_ 3(-2) —1(0-4) + 4(1)
2 10
=—6+4+4=2
(4)
(1)
[16]
(2)
(5]
(6]
(1]
)
(3)
-1 1
A= -a 5
2 -2 -

Option (1)



Q.16

Q.17
Q.18

Q.19
Q.20
Q.21
Q.22

Q.23

= — 1(&+ 10) — 1(~ 3a— 10) + 2(— 6 + 2a)

=—a&-10+3a+10-12+4a
A=—&+7a-12
A=-[a—-Ta+12]
A=-[(a-3)(a-4)]

0O 1 2
A=|]1 —-a 5
7 -2 -

=0-1(-a-35) +2(-2+7a)
= a+35-4+14a

15a + 31

Now A=15a+ 31

For inconsistent A=0 . a=3,a=4

andfora=3and4 A #0
ns) =2

For infinite solution: A =0
andA =A,=A,=0

Not possible

. ns)=0

(2)

(4)
(3)

(2)
(2)
(36]
(4)
(1)

JEE-ADVANCED
PREVIOUS YEAR’'S

Q.1

(B.C)
R, >R,-R,R,>R,—R,

(1+a)® (1+2a)®> (1+30)?
3+2a 3+4a 3+6a
5+2a 5+4a 5+6a

R,—>R,—-R,

(1+a)®> (1+2a)®> (1+3a)?
3+ 20 3+4a 3+60
2 2

c, »C,-C,C,>C,-C,

= — 648a

= —648a

Q.2

Q.3

Q.4

Matrices and Determinants

(1+a)®> a(2+3a) of2+5a)
3+ 20 20 20,
2 0 0

= — 648a

= 2022+ 3a) — 202(2+ 5a) = — 324a.
= 4o = -324a
= a=0+9

(B, C)
|P|=12a+ 20
50 -10 -a
agjp=|3 6 —(3+4)
10 12 2
S Q- P

K :>(3a+4)k _k
"= T (120+20) 8 — =71

k3
Also |Q| = ﬁ =k=4
Hence, (b, ¢)

(2]

X X X X X
2x 4x% 1+[2x 4x* 8x|=10
3x 9 3x ¢ 27¢

2 2 3

11 11 1
X2 4 1+x%2 4 8|=10
=
39 3 9 27

= 2 +12x° =10
3 5
X ==,-1
=776
Hence, no. of distinct x = 2
(4]

a a &
bl b2 b3

¢ C G

A:

= (aibzcs + a2b3C1 + asblcz ) - (asbzcl + azblcs + aibscz)
X y
Now if x<3 and y>-3
the D can be maximum 6
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Matrices and Determinants

But it is not possible
asXx=3= eachtermof x =1
andy=3= eachtermof y = -1

= ﬁabici :1andli[a1.bi<:i =-1
i=1

i=1
which is contradicition
SO now next possibility is 4
which is obtained as

1 1
-1 1 1=1(1+1)-1(-1-1)+1(1-1)=4
1 -1

Q.5 (A,B,C)

[ -EFf#0;G=(-EF)'=G'=1-EF

Now, GG'=1=G'G

=>G(I-EFR=I=(-EFG

= G-GEF) =1 =G-EFG

= GEF = EFG [G is Correct]

(I -FE) (I + FGE) =1+ FGE — FE - FEFGE
=I+FGE-FE-F(G-1)E
=l +FGE-FE-FGE + FE
=1 [(B) isCorrect]

(So 'D' is Incorrect)

We have

(I-FE) (1 + FGE) =1 ....()

Now

FE(I + FGE)

=FE + FEFGE

=FE+FG-1E

=FE+FGE-FE

=FGE

= |FE| || + FGE| = |FGE]

1
[I—FE| = |FGE]| (from (1))

= |FE| = |l - FE| |FGE]
(option (A) is correct)

= |FE| x
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Probability

| EXERCISES

ELEMENTRY

Q.1

©)

1
Probability of getting 1infirst throw = s

5
Probability of not getting 1 in second throws = s

Both are independent events, so the required
5

bability = = x> = —
proi 11Ty 6 6—36

@
Total number of ways= 36

Favourable numbers of cases are (14),(2, 3),(3, 2),
(41,1 95),(2 4,334 2,5)=9

9 1
Hencetherequired probability = B 2

@
Favourable cases for one are threei.e. 2, 4 and 6 and
for other aretwoii.e. 3, 6.

3x2 1| 11
Hence required probability = K%} 2—£} %

{As same way happen when dice changes numbers
among themselves}

@

Let R stand for drawing red ball B for drawing black
ball and W for drawing white ball.

Then required probability

= P(WWR) + P(BBR) + P(WBR) + P(BWR) + P(WRR) +

P(BRR) + P(RWR) + P(RBR).
_322 322 332 332 321

876 876 876 876 8.7.6
321 231 231

+ + +
876 876 876
2 2 3 3 1 1 1 1 1

—t—t—F—F—F—F—==
56 5 56 56 56 56 56 56 4

@
P (at least 1H) = 1—P (No head)
=1-P(four tail)

115
16 16

Q.6

Q.10

)
@

Let 100 students studying in which 60 % girls and 40
% boys.
Boys=40, Girls=60

25
25% of boys offer Maths = 10 x40=10 Boys

. 10 :
10% of girlsoffer Maths= 100 x 60 =6 Girls

It means, 16 students offer Maths.

6
. Required probability = 16 R

@
Total number of ways=2"
If head comes odd times, then favourable ways= 21
n-1 1
". Required probability = 2 =5

©)
3 4
Here P(A)=—=,P(B) =—
(A) 2 (B) z
. Required probability

= P(A).P(B)+ P(A).P(B) = %

©)
3C3 " 7C3 " 4C3

Required probability = 14C3

_1+35+4 40 10
14132 14.26 91

@
8'
Total ways of arrangements = ol al
e\WeXeyeZe

Now ‘S’ can have placesat dot’sand in placesof w, X,
y, zwe haveto put 2A’s, one | and one N.

|
Therefore favourable ways =5 [%j

. - 5412141 1
Hencerequired probability = ——— — - —,
eq P Y 2! 8! 14
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Probability

Q.11 (§
n=Total number of ways=6°
A total of 12 in 5 throw can be obtained in following
two ways —

(i) Oneblank and four 3's="°C =5

or (i) Three 2's andtwo ~ 3's=°C, =10
H th ired probabilit b5 5
ence, therequirea proi ity 65 2592.

Q.12 (2
m rupee coinsand n ten paise coinscan beplacedina

~ (m+n)!
I|ne|n—m!n! ways.

If the extreme coins are ten paise coins, then the
remaining n—2 ten paise coinsand m onerupee coins

(m+n-2)!
canbe arragnedinalinein m ways.

Hencetherequired probability

(men-2)!

m!(n-2)! n(n-1
(m+n) ! (m+n)(m+n-1).
m!n!

Q.13 (1)
’C, C, 1

Required probability = —= x —= ==
sHrerp Y ‘c, °c, 7

Q.14 (¥
3 cardsaredrawn out of 26 red cards (favourable)

“C,__ 26! 3!49! 2

T®c, 3181 521 17
Q.15
%)
. o wig 2
Required probability = — =2 = > 2/
equired probability wc- = 738
Q.16 @
Required probability
_°G'C 'C°C, 20456 76
T 12,12 12 12 =T T A
cEC, BC,%C, = 14 14

106

.17

.18

.19

.20

.21

.22

.23

.24

)

Sincewe have P(A + B) = P(A) + P(B) - P(AB)
= 0.7=04+P(B)-0.2= P(B)=05.

@

Required probability is

P(Red + Queen) — P(Red n Queen)

= P(Red) + P(Queen) — P(Red " Queen)

%4 2 8 7

52 52 52 52 13

@

Since we have

P P(A)
(A UB)+P(ANB)=P(A)+P(B) = PA)+ =

8 12
(€)

1-P(A’~B’)=0.6, P(ANB)=0.3, then
P(A’UB') = P(A")+P(B")— P(A’ " B")
= 1-P(ANB)=P(A") + P(B")—0.4

= P(A")+P(B')=0.7+04=11.

@
P(A")=0.3, . P(A)=0.7

P(B")=0.6, P(B)=0.4 and P(ANB')=0.5

P(AuB')=P(A)+P(B")-P(AnB’)
=0.7+0.6 -0.5=0.8.

@

23
o(B)_1-PAauB) g 37 3 37
\&) ™ P@) .1 6072 40
® 3
P(E}_P(AmB)_(l/lO)_g

A/ PA) @4 5
©)

Let P(A) = probability of aboy intwo children =

Because cases are BB,BG,GB,GG =4
Favourable cases are BB,BG,GB =3
The probability that the second child isaso boy is
1
P(ANnB)=~
( ) 7

PANB) 14 1

We havetofind P(B/A) = = =—.
P(A) 3/4 3



Q.25

Q.26

Q.27

Q.28

Q.29

@

We definethe following events:

A, . Selecting a pair of consecutive letter from the
word LONDON.

A, : Selecting a pair of consecutive letters from the
word CLIFTON.

E: Selecting apair of letters* ON'.

Then P(A,NE)=
consecutive letters out of which 2 are ON.

2,
—, as there are 5 pairs of

P(A, NE) = l; as there are 6 pairs of consecutive
6

letters of which oneis ON.
.. Therequired probability is

{2

@

_12
1 17

2
P(A,NE) 5
+

P(A,NE)+PA,NE) 2
5

ol

A 10 25 15
P = y — =
M) =100 PB) =155 ad PANB)=7

00
> B
P[z] -
@
P(A N B)

P(ANB) 15/100 3
P(A)  40/100 8

= P(A).P(B) :%

P(Km@)zézl—P(AuB)

= :—:; =1-[P(A)+ P(B)] +%:> P(A)+P(B) ==

Hence P(A) and P(B) are % and %

«

(i) This question can also be solved by one student
(ii) This question can be solved by two students
simultaneously

(i) This question can be solved by three students all
together.

P(A) = 5. P(B)

P(A UBuUC) = P(A)+ P(B)+ P(C)

—{P(A).P(B) + P(B).P(C) + P(C).P(A)] +[P(A).P(B).P(C)]
111 (1 11111 1 1 1| 33
526‘[522665}[526}@

@

Let E be the event in which all three coins shows tail

and F betheevent in which acoin showstail.

. F={HHT,HTH, THH,HTT,THT,TTH,TTT}

1 1
:—,PC = —
4 (©) 6

and E={TTT} Required probability

PENR _1

- PE/F) = nE 7

Q.30

Q.31

Q.32

Q.33

Q.34

Probability

)
)
-

P(ANB)=

:P(BmA) 1
TRA) 2 =P(BnA)=

PANB) 1 1
DR IICRE:

y

= P(A).P(B)

®| -

. Events A and B are independent.
A"y P(A'nB) PA)YPB) 3
Now, P )" = =—

P(B) PB) 4
wur(Z)-

)

Let P(freshegg) =

PBNA) _
P(A)

PB)P(A) _1
PAA) 2

9 9

100 10 P

10 1
100 10
So the probability that none egg is rotten

ol ) -

@
Required prabability

RO EREE)

S

P(rottenegg) = =q; n=5 r=5

_£[§]7
20\20

3 1
We have p—Z:q—Z and n=5

Thereforerequired probability

SHIGRSEIG RS
= =] +°Cl=]| |=|+ -
C3(4 4 “\4) \4 Cs4
_10.27 581 243 _270+405+243 _ 459

—t——t—
L & p 1024 T 512

@
The probability that student is not swimmer

1 4
p= = and probability that studentis swimmer = 5

. Probability that out of 5 students 4 are swimmer

(I
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Probability

Q.35 (¥
- . 1
Probability of failure= 3

2
Probability for getting success = 3
.. Required probability

4 0 3
-3 (5 3
3/ \3 3/ \3
HEHIGE
=|—| +4 — | =—

3 3 27

Q.36 (¥

. 1
Wearegiventhat n=3, p=g,
_5
975

Mean = np = 3x

ol
N~

ariznce = ngp=3x L 8= %
arlance = Ngp = 6 6—12-

Q.37 (2

wWlrF
wiN

Obviously, p= 2= = q=1-
vioudly, P=2=2 =

also n = 2. Therefore, variance

—npg=2xix2-2
SRA=ex3x 3Ty

Q.38 (1)

For binomid distribution, mean=np andvariance =npq

2 1 1 2
— === g=1-p=1--==
n=3p 6 3 q P 3 3

1
So, mean (u)=3><§=1

Variance (6%) =3x = x

wIiN
wIiN

Wl

Q.39 (»
Let E denote the event that a six occurs and A the
event that the man reportsthat itisa‘6’, we have

P(E):%, P(E’)zg, P(A/E)=% and

108

1

P(A/E)==

(ATE") 2
From Baye'stheorem,

P(E).P(A/E)

AEIA) = P(E).P(A/E) + P(E).P(A/E)

ol
Alwolk
olohlw
N
oo_loo

Q.40 (3
Let A bethe event of selecting bag X, B bethe event of
selecting bag Y and E be the event of drawing awhite

ball, then P(A) =1/2,P(B)=1/2,
P(E/A)=2/5 P(E/B)=4/6=2/3.

P(E) = P(A)P(E/A) + P(B)P(E/B) =

+

5l

2
3

N
[GERN)
N

JEE-MAIN
OBJECTIVE QUESTIONS
Ql @

) 9x10 N
Sincesumof 1+2+3 +...... 9=T=45|sd|V|S|bleby9,

hanceall no. will bedivisibleby 9.
Qz (3

x+@>50
X

x =1Satisfies
5 }ZNumbers AnsP:E

100
= 3 does ' nt satisfies

=48 Satisfies
.. |53Numbers
=100Satisfies

Q3 (M

Maxsum=12

6+6=12
6+5=11
6+4=10
5+5=10
5+6=11
4+6=10

6 cases



Probability

Q4 @ 1 b
%XZ! Ke 1_ = 2x2=4
n-1'n-112! _ 1 b b

2n! - 1 0 o o
nini2! cof [c 1} =G =4

Q5 (1) _a b_

Giventhat, c d
cx2+[32=a+[3 & OLZBZZOLB - - .
4 possibilities Only one outof a,b,cordisequa to‘1’

(1,2),(1,0),(0,0), (o, ®?
Q11 @3
Throughing both cubes is an independent event and
occurring of red 8 blue color on top face is mutually
exclusivelettherebe‘x’ bluefaceson the second cube.
Q6 (@ Given,
Total waysinwhich 5 persons

AN
N+~

Required probability =

canexit at 8 floor = 8° 1. x 5 6-x_1
(each has 8 options) 6 6 6 6 2
No. of ways of selecting 5 floor at tal:?op tFr{fé dt g;
out of 8=8C,
No. of waysof exifingat 5 = x+30-5x=18
selected floor = 5! = 4=12 =>x=3
. No.of redfaces=(6—x)=(6-3)=3
_ 8cyxsl
.. Probability = & 012 @
121
Q7 (O ~ 63 9
Required probabili
ej 3IO 2 Y Ex lej—l
GGG 1 =316 ) 6
= 10
C 4
7 1.1 243 5
P=—+—-= =—
0.8 1) 9 6 18 18
“C, x ®C, x *C, = Formulacard p. = 13
site any 9 cards any 4 cards from 39 cards 1718

%2C, .= total case

. 13
‘C, x C, x *C, adds against = 5

- 52
ClS
Q9 (@@ Q13 @
p*p,+p,+p,=1in in D obvious solution
13 1
P(A) = 5o = 2 Let P(A) is prob of card drawn is follows
spade & P(B) is card drawn is an ace then Q14 @
_4 1 2+6=8
P(B)= 52 ~ 13 3+5=8
4+4=8|Totd =5
Q10 @ 6+2=8
5+3=8
<
Let D=
¢ d _fav 1
Each element can beeither ‘0" or ‘1’ Total determinants p= Tota 5
=2%x2%x2%x2=16

Non-Negative Determinants:
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Probability

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

110

@
Required Probability

3 6 6 5 6 2
= — X — — —=—5 3 iy
9"87 98 9,80 "3
@
Total =m+n
m-1
(W, w) = X——— ..

m+n m+n-1
m
X
m+n m+n-1
Total proof = (w, w) + (B, w)

(B,w)=>

m
- m+n(m+n-1)

(m+n-0)=n

@
Required Probability

_G-2 11
- ¢, 40

@
Required probability

_3C,x1x1 3

23 -1 7

2
Required Probability

1(%C, x2+%*C; x3+°°C, x4
=2 32x63

1(8+72+36x4) 1(1)_ 1
=2 32x63 -2l9) 18

)

IfA=B IfA=B
15 13

51
4 222 - 11

4., 4 148
36 36x36 1296

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

@
squared of ano. canhave 1, 4,6, 9,5
SoP=(9/25)

@
Required probability

_3¢3c’c, +% C’C’C, 2 C%C%Cy x2

5x5x5

59
" 125

@
Focecards=12
Tens=4
Total removed cards= 16
Remaining cards= 36
4 9 9
- PA) = 36 ;P(H) = 36 P(S) = 36
= 9P(A) =4P(H)

©)
A-B

2
6

1
P(A)=5.P(B)
A={1,35} B={3,6}

BzA.
B —-A={6} asfollows

@

o
Letters Digits

26x26x1
P(A) = P(letter pallindrome) = —————>"

10x10x1
P(B) = P(Digit Pallendrome) = 10

1

1

26x26x26 26

10x10x10 10



Q.27

Q.28

Q.29

Q.30

Q.31

P(Both letter & Dight Pallindrome)

26x26x1x10x10x1 1
AANB)= S 26x26x10x10x10 _ 260
— P(AUB)=P(A)+P(B)=P(A NB)
1,1 1 _7
“10 26 260 52

Q.32

@

Let the probabilitiesof A~ B,A,B & AU B bea-3d,
a—d,a+d,a+3dinAP

Given, (a—d)=2d

a=3d

2P(A) =2(a—d)=2(2d) = 4d

& P(B)=a+d=3d+d=4d

= 2P(A)=P(B)

(1) Q.33
P(atleast / W) = P(1W, 1M) + P(2W, OM)

5x8 °C, 25

=+ = —
13C2 13C2 39

Q.34

@
A=(1,3,5),
P(B/A)=P(B N A)/ p(A)

ANnB=(35)
=2/3

@
P(A) = 1/3P(B) = 1/4 & P(B) = 3/4
P(T T) = 1/6 U3 1/4 P(FF) = 5/6 2/3 3/4 (1/
5)2
_P(TT)
P(corree) = 5 1)+ PFR)

Q Q.35

1

;
P(ALate)=¢ P(BLate)= o

9
P(Bislategiventhat Aislate) = 0

(i) neither busislate
P(A " B) =P(A UB) =1-P(A UB)
PBNA) 9

P(A) 10

Q.36

P(BNA)= %xP(A)

_9. 1.9

T10 5 50

P(A UB)=P(A) +P(B)—P(A NB)
17 9. 3

"5 25 50 10

Q.37

Probability

1-P(AUB)=7/10

9
y PANB) 5 9
() P(AB)= ") =709 =1,

@

P(AUB)=P(A) +P(B)-P(A N B)
.. P(AnB)=P(A) - P(B) because
A & B are independent events

= P(AUB)=1-P(A)-P(B)

= 08=1-(0.7)- @
= (0.7)a=1-0.8=02

0.2 2
=897 T&73
)
1-P(BB)

1-12x%x1/2=1-1/4=3/4

@

553

20 3 20
— > =X— =4
3 5 3

4
PB)=10
552

20 2 20 8
- Sy —X— = —

3 5 3 3

8 4
MO=310" 15
(€]

A _l><6_ 1 B _i_l
PA="36 =36 - PE) =36 =6
6+1
5+2

1
AnB=—-;p(AnB)=p(A)xp(B)
4+3 36

@

A and B are independent events

1
. PA)=PB)= 13

@
3C,P? (1-P) = 12°C,P°

_1u
P= 243

1-p=4p= =

111



Probability

Q.38

Q.39

Q.40

Sol.

Q.41

Q.42

Q.43

112

2W & 4B
4 1 5
p= 5c4>< g i +5 5 E _£
6)\6 6 243
©)
3 2 2
T X 4 X80+ x x40+ o - x20
)
2 4
1 (51 (5)1
EA[6+(6] HHEN. ]ng
_9% B _,
6 ,_ 25
36

(€)

A =eventitischosen fromA
P(A)=3/5

P(B)=2/5

P(D)=P(A). P(%) +P(B) P(%)

(©)
Required Probability

3
4
E><l><l><l + l><1><1><1
4 6 6 6 4
1
_ 4 _ 216
T 1( 3 - 219
| —=—+1
4216

@

ACE 4/52
1/4
Spade
— 12/48
ACE 48/52

4.1
; ity — 52 4
Required probability = 7 1 48 12
—X— 4 —=——X—
52 4 52 48
Q4 (2
w3 __2___1
npg ~ 27973 7P 3
- 11 <10
r< =>r<—
1+E 3
3
=r<333
thus 3 succesis most parallal.
Q45 (3
0<x<10x2+y% <100
0<y<10
1 2
—1Ix10
= 4H
10x10
X
y
o=
T4
JEE-ADVANCED
OBJECTIVE QUESTIONS
Q1 (&)

Sincelinearemore"C, arethoselieswhere
telegramswill go
NC, XM ! =far

Total = NM [Asfirst telegram can go in any one of n

lieg]
[As 2nd telegram can go in any one of n lies]

N
CyM!
p=—N
N




Probability

Q2 (B) Q8 (©
. X7 4 AAAEVEN NOLD x A AN 5 AL X AAA 0 4+
Total casesx®: (x*+ X! +..X)¢= { T x ] A0 x AAA NSO+ A AA0dd N0t 5 x
A A 5 4+ AAANA S x AAA 5
=(1-x)1-x*
= (1-2¢7 (1-X)* = (1—4x") (1-X) b4ttt 90 L4t
Total ways=744+8-1C_—44+1-1C =UC -4 x4 10 10 10 10 10 10 10 10
=165-16=149. x 2
_149 1 1 9
7 *10%10°-25
Q3 (B Q9 (D
— - — - — - Light changesin 63 second = 3 times
Unit digit in number | Unit digit in number | Unit digit in product . . _
Odd odd Odd ngggg:fange;sm}se?n: ._3;{63 q
odd Even Evon probability changing light is 3 secon
Even Odd Even 9 1
Even Even Even = E = 7
= Q10 (D)
4 Required prabability
1= 26,066 93
- 6C2 6C2 8C2 - 12 4
P _q QU (©
q P(AwB)=p(A)+pB)-p(ANB)
Q4 (D 1
1% coupeon can be selected in 9 ways 62 +p(B) >
2" coupeon can be selected in 9 ways 2
3 coupeon can be selected in 9 ways p(B)= =
9” ways—when 9 is not take 3
forf=97-8" 1
Total = 15", P(ANB)= 3 =p(A)p(B)
= A & B oneindependnet
Q5 (B
6C1 X2 Cl . 2 . 1 Q12 (A)
6~ 6~ g A 20! n(E)
C,xC, 6 3 _ _ A=)
S (9= 101101 21 PB) = )
18!
Q6 (® nE)=1018!
"Cyx1x*C, x1 _30 Q.13 (C)
7 6
7 7 2 1
p (I%class) = 3 x0.28+ 3 x0.25=0.27
Q7 (© _
mutually Exclusive event 014 (@)
1 1 1 47
=S — 4= 3 3
3 ¢, 3°Cs ~ 15

113



Probability

Q.15

Q.16

Q.17

Q.18

Q.19

114

(D)
.20
N P(AnB) 0.1+0.1 g Q

P(AB) =g 03 3
similarly evaluate others

Q.21
©
Required probability

~ 7x0.2 _14
" 7x0.2+3x0.9 41

~ 034

(A)
Ul-1W+1B U2->2wW+3B
U3—3W+5B U4—4W+7B

i2+1 /
32 PWN)

-

Il
ey

4
PW) = Y (ug) P(w/uy) =
i=1

1+1X1+22+1 2 3%2+1 3+42+1 4
=32 2734 5732 "8 3 ‘11

_ 569
~ 1496

(A)
A:1balisW & 3black balls
B, :Urn lischosen
B,: Urn2ischosen
P(A/B,)P(B,)
P(A/B,)P(B,)+P(A/B,)P(B,)

3
lxlx[Ej ><4C3

P(B,/A) =

P(B/A) =

_ 125

- 287

©

KRISHNAGIRI or DHARMAPURI

A=Rlisvisible

B, =itsfromKRISHNAGIRI

=itsfromDHARMAPURI

P(A/B,)P(B,)

P(A/B;)P(B,)+P(A/B,)P(B,)

PB,/A) =

1.2
__ 2710 __9
12,11 14
2

£ 1
2710 7279

(A)

- m
dueto equal probability theorem = e

©

a. The probability of S, to be among the eight winners
isequal to the probability of S winning in the group,
whichisgiven by 1/2.

b.1f S and S, are in the same pair-then exactly one
wins. If S and S, arein two separate pairs, then for
exactly oneof S and S, to be among the eight winners,
S, winsand S, losesor S losesand S, wins.

Now the probability of S, S, being in the same pair
and onewinsis (Probability of S,, S, beinginthe same
pair) x (Probability of any one winning in the pair).
And the probability of S being the same pair is

1’ 2’

n(E)

n(S)
Thenumber of ways 16 playersare divided into 8 pairs
is

16!
(21)¢ x 8!
Thenumber of waysinwhich 16 personscan bedivided
in8pairssothat S and S, arein same pair is

141
(21 x 7!

Therefore, the probability of S and S, being in the
samepair is

n(s) =

n(E) =

141
(217 x7! _ 2x8 1

16  16x15 15
(218 x 8!

The probability any onewinninginthepairof S, S,, is
P(certain event)=1.

Hence, the probability that the pair of S, S,, beingin
two pairs separately and any one of S, S, winsis
given by the probability of S, S, being in two pairs
separately and S wins, S, loses + the probability of S,
S, wins. Itisgiven by

1- i x l X = 1 1- !
15] 2 2 15
Therefore, therequired
(1/15) + (7/15) + (8/15)

111 14 7

“27%22%15 " 15

probabilityis



Q.22 (D) Q4
3]9]7]1
5
3 Q
9
7 X
1 X
. _ 2 2
Probability =2x2 16
JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING
Q1 (A,B,C,D)
6
P(T1)=p Q
P(T2)=q
P(T3)=1/2
1
> =P(T1,T2)+P(T1,T3)+PT1T2T3)
1_ 1.1 Q7
> =pq2+p(1-q) > tPa3
2 =Bipoi=par2n
Now, check options.
Q2 (AQ
A={135} B={246};
C={456} D={12}
Q3 (CD)
1 1
12
P(E)—ﬁ
2 2
_1
~ 3
3 3
1
WH—E
4 4
5 5
8
6 6 Q
2 1
PENP=36 " 18

So neither independent
matually Exclusive

Probability

(A,B,C)

(A,CD)

=5

P=P(MUN) —P(M~N)
= P(M) + P(N) — 2P(M~N)

(© P(MUN)-P(MUN)

— =
- - =
— —

Won TN
(C,D)

A & B areindependent
P(AUB)*=1-P(AuB)=1-P(A) - P(B) + P(AnB)

= P(A)-P(B) + P(A) P(B) = P(A)—P(A)P(B)
=P(A)P(B)

SE;

(A,B,CD)
3.(_1 1_1j
_ no2 3 1
PE,)= 3! "3
1 1
) 3c,(). 2!(1—1!+2J 1
P(E)= 3! 2

3¢, (12. 1!(1— 11|J
3l

=0

ME) =

c,()® 1
(&) = :3! )

So PE)+P(E)=PE)
PE,) -P(E) =P(E)
E,NE,=¢

So P(E,NE)=0

So PE,NE)=PE)

(C,D)

P(A nB)=P(A)-P(B)
means a and

B are independent
Event

So PP(A UB)=P(ANB)
= P(A) - P(B)
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Probability

Q.9

Q.10

Q.u

116

_P(ANB)
PAB) = —pgy . = P(A)
(AB.C)

(AB.CD)
(A) P(A/B) _P(AnB)

P(B)
_P(A)-P(AnB)
B 1-P(B)
(B) P(A)+(B)=P(A UB)+P(ANB)
P(A) + P(B)—P(A U B) =P(A N B)
So P(AUB)=1
P(A) +B(B)-1<P(A " B)
(©) P(A)>P(A/B)
P(A N B)
P(B)
P(A) - P(B)>P(ANB)
Then
P(A/B)>P(A)

P(A N B)
P(B)

A)>

>P(A)

P(A) —P(A 1 B)
1-P(B)
P(A)—P(A " B)>P(A)—P(A) P(B)
P(A N B) <P(A) P(B)
product
P(ANB) , P(A+B)
O o) P(B)

>P(A)

P(A) - P(A ~B) + P(A U B)
P(B)

(ACD)

Es P(E;) E,

1 _PE,nE)
2  1/4
P(E,NE)=18

P£E_2j P(E, NE;) P[EJ _P(E; NEy)
B P(E;)

Q.12

Q.13

Q.14

Q.15

(B,C, D)
A iswrong B isright

M@DN
Cisright

{348

(AB)

1 ,
P(A) = 3 Areaof region

1
PE)=355: S,
P(ANB)= L |sequal

Thetigase Shows that A& B
are exhaustive Event

(A,D)
D(X = 4) =" C4[—j
p(x=5)="cs

p(x =6)=" Ca(%jn

n, - N n,
2 c,="c,+"C,

n~ — n+l n+1
4°c =" + ",

nA~ — n+2, n
4"c,="?c +"c,

n! (n+2)!

4 5/(n—5) ~ 6l(n-4)!
(n+2)(n+1)
= W = 24 (n-4) = (n+2) (b+1)

n=7,14
(A, B)

% 99 +1
(P+Q)*r< ‘1/2

1/2

Terms 50 or 51 are highest

100
— = r<50



Q.16 (A0

P(A B)

(A) PAB) = — 5

_ P(A)+P(B)-P(AUB) . P(A)+P(B)-1
P(B) - P(B)

(B) P(AwB)=P(A)+P(B)-P(A)P(B)
. A& Bareind.

=P(A) (1-P(B) + P(B)
=P(A) P(B) +P(B) +1-1

=P(A) P(B)
= 1+P(B) (P(A)-1) =1-P(A) P(B)

-P(B) +1
Comprehension #1(Q. No. 17 and 18)

Q17 (D
1 ’C,x 3¢
3 °c,

Probability
1X[1C1>< C,, *Cix e PCpx 401}
3

6 CZ 9 CZ 12 CZ

6

6 1

- 36 _ 6

~13 6 12 1 1 2 181
et

15 30 66 5

Q.18 (A)
1w 2w 3W
Bi(3R,Bx-3R and B3 4R
2B 4B 5B
6 9 12

1 2 3 3 3 4
Probability = 6 §XE + 6 § 1

_6+36+40 82
T 72x9 648
Comprehension # 2 (Q. No. 19 and 20)

Q19 (B
3W

U,
<x

1/2,

U, - 1w

Uy
a ball is drawn from 35 -W 2w

U, and put in U,

u 1w
B~ R

U2 3W
1w

Both W

3/10

12
110 goth R —><

2 ball is drawn from
U, and put in U,

6/10 2W

IW&IR—)<

Probability

Required Probability =

1 3 1 2 1 1 3
(—x— lj ( j+(—><—><lj+

2 5 2 5 2 2 10
NN

2 10 3 2 10 3

3 1 3 112 46 23

10710720760 760 " 60 - 30"
Q20 (D)
13. 121
255755
Required Probability = 3 =
30
4,30 12
10 23 237"

Comprehension # 3 (Q. No. 21 to 23)

Thereare n urnseach containing (n+ 1) ballssuch
that the it urn contains i whiteballsand (n+1—i) red
balls. Let u; betheevent of selecting i urn, i=1, 2,

3 ,n and w denotes the event of getting awhite
ball.
Q.21 (B)
Q22 (A
Q.23 (B
(21t023) Uy, Uy, Ugyeneee. u,areurns.
u,=1W+nR
u,=2W+(n-HR
u =i (W)+(n+1-i)R[ "
u,=nW+1R
21 Given  P(u)=k;
P(u) =Kk, P(u) =2k etc.
K+2k+3Kk+........... +nk=1
1 2
k= d>n n(n+l)
2i
= — jth i
Pu)= n(n+1) (u =i urn is

selected)
Now W =whitebal isdrawn

PW) = . P(U; nW) = D" P(u;).P(W / u;)
i—1 i—1

117



Probability

22

Q.23

118

2 Zn:iz— 2 n(n+1)(2n+1)
nn+)%5  nn+1)? 6
2(2n+1)
= (n+1)6

n—e n(1+ 1j
n

4n(1+;j 1 2
= LimP(W)=LiIm—— ==-=—
6 3

n—oo

Ans

Given P(u)=C Q.24
= Selecting of any urn in equiprobable Q.25
Q.26
1 24
P(u)=P(y) = =P(Un)=ﬁ
In this case PW)=Pu,nW)+P(u,nW)+
..................... +P(u,nW)
=P(u)-PW/u)+..ceoen.
1
= H [PW/u)+PW/uy)+ . P(W/u)]
1 1 2 n
= —F—+... +—
nin+l n+1 n+1
nin+l) 1
“2n(n+1) 2
P(u,nW) P(u,)-P(W/u,)
P p(w) P(W) 25
2{1 n } 2
=4 = Ans.
n (n+1) n+1 26

Let n=even

E : event that even numbered urn is selected

.. either an even numbered or an odd numbered urn
will be selected and all eventsare equally likely

1
PE)=7

P(WANE)

PW/E)="pE)  =pP

P(W/E)

:%[P(W/u2)+P(W/u4)+ .......... +P(W/up)]

1| 2 4 6 n
=— + + F e +—
nin+l n+l1 n+1 n+1

POW/B)= 1 ined)
n(n
2 2(2+1) _ n(n+2)
" n(n+1) 2 " n(n+1)4
n+2 n+2

P(W/E)= 2.m = m Ans.

Comprehension #4 (Q. No. 24 to 26)
(A)
©
(D)
P=1-PAuBuUC)
=1-P(A)-P(B)-P(C) +P(ANC) +P(CNA)-
P(ANBNC)

=

=P(A "B C)'—P(A)—P(B)—P(C) + P(A " B) + P(B
NC)+P(CNA)

=P(AUB UC) —-P(A)-P(B)-P(C) +P(ANB)+
P(BNC)+P(CNA)

IO
ITII

MAITI

I




Q.27

Q.28

—P(A U B)
=1-P(AUBUC);+PA)+PB)+P(C) - P(AUB)
—-P(BEC)-P(CNA)

If n positive integers taken at random and multiplied
together, then the chance that the last digit of the
product would be

(A)— (), (B)—> (1), ©) -0, D)~

(A) Evenintegersendsin 0, 2, 4, 6, 8. Square of an
even integer ends in 4 only when the integer ends
eitherin2or 8.

[GERN)

probability =

=

B) PANB)=1¢

oK

= P(A).P(B) =
_ 2
P(A)=73

= PA) =+
6P(B/A) =6P(B) =3

:>P(B)=%

1)(1 1
(O Required probability = p=2C, (Ej [Ej =5

6p=3

3 4
(D) 625p*>—175p+12<0givesp e (E ' E]

valueof nis3

(A)‘vaI. (B)'r! (C)-p,S

_ 1(1)3 1, [zj 1
Wr=3(2)2%2) 2

_1/2  1)2
“1-(1/2) 1-1/8
_1/2_8 _4
~7/8 14 7

Probability

9=32712) 22
1/2x1/2 _1/4 _8 _2
“1-1/2% 7/8 28 7
__ /8 1
'=1-1/8 7

Q= ZXZHXZX—X—Xx—+
6 6 6 6 6 6 6

5 1] 5 &° 5 216_30
—X—= 1+_3+_6 .....
6 6| 6 6 “36 o1 o1
551 (5 5 51
P= X=X+ = | X=Xx=x=
6 6 6 \6) 6 6 6
T2160 91 91
2 1 1
= B = C = —
(©)p(A)=3.P(B)=7.p(C)=7

2 (1 1 3) 2 (1 1 3) 2
P==+4] =X=X—= | X=+| =X=X—| X— |
33832 4) 3 \3 2 4 3

2[. 3 2 1 |_2 24 16
ol R =5 = =542
=3{ 24 } 3|, 3| 3 2

_EX(;j_lxﬁ_i
"6 \1-3/24) 6 21 21

LA LI LY

3 2 4

1{ 3+32....} 1,24 1
224"
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Probability

Q.29

(A) = (9),(B) — (n,(C) — (1), (D) — (p)
6+2
5+3 5ways
4+4

(A) 8- ; 3+5# 1 cong

gl =

p:

(B)A=2ndball inwhite
B,=1stball inwhite
B, =1t isblack

p(A / Blb(Bl)
P(A/B;)p(B1) +p(A/B,)p(B,)

P(B,/A)=

1]
S
olwN| A~
N wo|w
oA

© = =(@-P)P+(1-PP+(LPPp+ ..

% =P (A-P{1+(1-P2+(1-P)*+..}

1-(1-P)?2 2
=P (1-P 1-1-p) =(1-P-(1-P3= —solve

forpe L
orp=
(D) (3,3,3,3)or (3,3,3,5) total — 2*
4 5
For =1+ El =5p= 2—4

NUMERICAL VALUE BASED

Q.1

Q2

120

[10]

= a,+a,=45-% = 3<a,+3,<17
= k=4 = as+39:9
= (1.8)(2.7).(3,6).(4.9
P(E e A
© 36 9
(1
P(C) = : -t .1
© = ‘c,+%C,+%C,+%C, T 2%-1 15
P(correct) =1 —P(all wrong)
_14.13 12 11 10 1
15 14 13 12 11 3

Q.3

Q4

Q5

Q.6

Q.7

(3]

PX) = = PWy) = > P(z) =?P
) = 3 v = (2) ="
11
; P(2 bultets) = —
(2 bultets) 24
11 2 3 2 1 1 3
e EXT (1-P)+ Sx=xP+=x>xP
o4 3)(4 (1 P)+ 3><4>< +—3><4x
oo L
)
(58]
13)° (13) (13)° !
_— X| — X| — X =
52 52 52 212121
(6l

A =Letter drawnisvowel ; B, = written by Englishmen
; B, = written by American

P(A/B,)P(B,)

B./A) =
P(B/A) P(A/B,)P(B,) + P(A/B,)P(B,)
3
) O.4><Aé ) Ei
04x°4+06x2 U
6
[1]

9
P(identify high gradeteacorrectly) = 0 ; P(identify

8
low gradeteacorrectly) = 0

3
P (Given high grade tea) = —;

10 P (Given low

7
adetea) =
gradetea) = 0

P (Low grade tea/ says high grade tea)

7 2

10 10 _ 14
7 2 3 9 M

x x
10 10 10 10

(1]
10coins 9

5paisa

1 1Rs.
p=p (1Rs.transfered + Back transfered) + p (1 Rs.
not transfered)

10coins 5 paisa



QS8

Q.9

Q.10

KVPY

9 1 18 1 9 19
Cg X cl>< Cg X cl+ CoxCig 10
10 19 10 19 = T4
) 9 Paise P2
9 Paise

method 2 when 1 Rscoinisin second purse and did

9C8 5! C
not cameback in first pursethisprob. = — 70 ~ C X
9
oy _ 9 9 _10

Be, =19 =™ Required probability = 1— =

19 19
[32]

“PARALLELOGRAM” or “PARALLELOPIPED”
= A =RA isvisible

B, =itsfromPARALLELOGRAM

= B, =itsfromPARALLELOPIPED

P(A/B,)P(By)
P(A/B,)P(B,)+P(A/B,)P(B,)

P(B,/A) =

1.2

___ 212 _13
1 2 1 1 19

2 12 2 13

[10]

Unitdigit of 32=3,9, 7, 1 each occurs 25 timesin (0,

3a 7b 3a 7b 3a 7b
1|7 711 919

25 25 25 25 25 25 3
= X + X + X = —
100 100 100 100 100 100 16

1
+ X —
12 - mal ] 2solvefornweget

PREVIOUS YEAR'S

Q.1

©
For Atowin, A candraw either 3,6 or 5,6. If A draws 3,
6then B candraw only 8 &9

Q.2

Q.3

Q.4

Q.5

Probability

Prob. =

1
3

Wl

1
9
B

If A draws5, 6 then B can draw, any two

A

wlk

Probability =

Ol Wik
RN

+

Wl

Probability =

©
1, 3, 6, 10, 15, 21, 28, 36, 45, 55, 66, 78, 91, 105 till
98 terms 48 terms are even and 48 terms odd
99x100
2
Total eventerms =48+ 1 =49

99" term =

Probability = 49
obability = oo
(A)
P1 : 4 copper coins 3 silver coins
P2 : 6 copper coins 4 silver coins

E = Event of copper coin
P(E) = P(P). P(E/P) + P(P,). P(E/P)

141 6 4
=—X—+—X— =—
2 7 210 70
(B)
Ways to make the sum K is coefficient of x* in (x +
X2)10

Coefficient of x* in x9(1+ x)°
Coefficient of xX*in (1 +x)%*°
Whichis*C,_

So ways to make sum minimum K is

10, 10, 10, 10
Coso +%C g °Cy g+ oot 1°C

Probability

P(K) = Oc, 1o+° C,2<169 +...40C,
20 (0C,+.. 40 Cy)

P(K)= 210

But K should be maximum so
©°C,,, = °C, (middle value)

K-11

So that *°C +....+1°C, ,, ismax
SoK =16

(©)
P C[1x2(3)]
0 C, x5!
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Probability

Q6

Q.7

Q.8
Q.9

122

Suppose 1, 2, 3, 4, are
selected coupons.

HNEEN

1

20

placeof lisfixed

Total arrangementsof 5is2
and| | |1] |s]
arrangementsof 2, 3, 4 are

23145
4 2 1 3 5!3way
43125

D)

Letx=1

favourable out comes (1, 1), (1, 2) ....... (4, n) no. of
favourable out comeswhenx =1

[

.. no. of favorable out comeswhenx=1 ory=1=2

.. no. of favourable out comeswhenx =2 ory = 2 but

n
X2LlLyx1= 2[1:|—1

Similarly
no. of favourable out comeswhen x =k ory =k but x,

vy {1,2,...k-1}
i
k
So probability
Z[n}—(Hl ....... ntimes) 2 [n} 1
= lalk v k] n
72 n“iaLk

(B)
656115 611115

5/6 30_6

L1 s 7

36
(D)

(D)

Q.10

Q.11

Q.12

Q.13

|Required probability

¥ M .
D, never D, Shows'1' (onetime)
Shows'1' Then D, shows'1'

RENOHH

57

gl
6

5 n
Required probability = (j
(C)

I_I_2 |_I§

©

Digitsarel,2,3,4,5

Evendigits= 2, 4; number of Evendigits=2

Total marks=2375; number of Odd digits=3

Sum of any 2 adjacent digitsis odd

= Odd and even digitswill alternate

Casel For n; Repetitionisnot allowed

= OEOEQOQ is the only possihility of arrangement of
digits, where O = Odd digit, E = Even digit.

So number of Arrangements

x|6 =32400

Casel For m; Repetitionisallowed
= Two possipilities

(@ OEOEO

Number of such arrangements

(b) EOEOCE
Number of such arrangements

Som=108+72=180
m_180
n 12

=15
P(b,) = P( bl).P[%j . P(Rl).P(%J

b b+l r b _ b
Cb+r'b+r+1l b+r b+r+1l b+r

(D)

3dtimetarget will hitinsixthtime



Q.14

Q.15

Q.16

So, Infirst 5 attempt these will be 3L, 2W and
at 6" attempt shot will be hit

3\ 1\ (1 270
So, Scs(zj X[Zj X(Z) = 2005 = 0.06591
(A)

p,=1—(nodieshow six)

[

p, = 1—(no die show two + one die shown two)
5 12 v 5 11 1 1
_ —| +7C,| = = _
p,=1 _{(6] 1(6) 6) | =0.61866
P> P,

®

Case(1) : dl tail (%)

1) (1) 5
Case(2): 4T, 1HSC, (Ej (E) =

1)’ 1% 1
Ca%(S):xTxTxTx(Ej X4C2[—j :¥><6:_

Case(4):x TxTx

GROE

1
Overall;
(A)
T g5 (2)
i 1
D'? 7 e @
3
= +.- 15 3
5 1
Men Not disease 2 <4/5 @
(ND)
L +- 45 (5)
Women 2 % 5 < U5 (6)
5
4 U5 (7)
(ND)” 5 p
<4/5 (®
@+(3)
@M +(3)+(B)+(7)
314 311
—X =X =+ =X —X—
_ 525525
3143112142 41
—X—=X=X=X—X—+—=X—X—F+—X—=X—
525525555555

Q.17

Q.18

Q.19

Probability

3

0 75
=3, 16=7y
10 125

(A)

A=[l5,

Az=-1

|A?=-1(Not possible)
A — diagond matrix

2001
2L

0 Y 0| 200

0 0

o (2002° 1

(2001)°  (2002)°
P=(1+2000) ¢

: 1)

1

1

26 x10" ( )
1

P<—

10°

(A)

Cazz| : RRBB, RRBB
RRRBB, RBB
RRRB, RBBB
RRRRB, BBB
RRRR, BBBB

1 211 1
=—X—=X—X—=—o
5 4

100

1
Casell —ﬁsmnarly

IS S

P=100 " 100 ~°7°

(A)

For equal rootsb? = 16c = b= 4J/c (asb>0).
Hence ¢ should be a perfect square

10
so probability = 100x100 0.001

123



Probability

Q.20 (C)

All evendigitnumbersinB ={2, 4, 6, 8} fav : forminga4
digit noswith al digit is even and not divisible by 4
2222, 6666, 2266,

(2226),

ﬂ =4 cases ﬂ =4 cases
3! 3
Total=1+1+6+4+4=16cases
Total : forming a4-digit no. from{1, 2, ...,9}
but not divisible by 4
C-1dl4digitareadd =5*=625
C-2al 4digitareeven=16
C-3oneeven & 3odd
you can not take 2 or 6 asoneof even digit (12, 16, 32, 36,
...) dl aredivisibleby 4
But you cantake 4 or 8 asone of evendigit .......
°C, x*C,*x5°=1000
Take oneeven digit out of 4 & 8
select one placefor 4 & 8 out of 4-places
Totd =1000+ 625+ 16 =1641

(2666)

Q.4

p_ fav. 16
total 1641

JEE-MAIN
PREVIOUS YEAR'S

Q.1

Q.2

Q.3

124

®
ab,cle{123456)
n(s) =6% 6x6=216 05
D=0=b?=4ac
2

ac=—
4

Ifb=2,ac=1=>a=1,c=1
Ifb=4,ac=4—=a=1,c=4
a=4,c=1
a=2,¢c=2
Ifb=6,ac=9=a=3,c=3
N 5 Q.6
probability = 216

[0.125]

7
=1><9x9><9+8><3C1><1><9><9
=729+1944=2673

Favourable: ........... T e 2
~———
7 exavtly once
=8x9x9+1x9x9x1+2x8x1x9
=648+81+144

- 873
sty & - 57
ObadIIY = 5973 = 207
[0.5957]

N + k 1_60 disease 1_60 E
ONVeg + SMOKEr 200 — > 400 * 100

Ve + smoker 22 s (1020
€9+ SMOKE 00— 200 * 100

veq + smoker ~2 100 10
€9+ SMOKEN 200 —— > 400 * 100

Required probability =

160 x 35

400 x 100
160 x 35 N 140 x 20 N 100 x 10
400 x 100 400 x 100 400 x 100

16 x 35 _ 560 56 28
16x35+14x20+100 ~ 940 ~ 94 _ 47

=05957

@
Required probability

@

o (3] <3 e 3] (3]
° 72 2 -T2 2

"Cy="C,=n=16

1 2 1 14
P(2Heads) = 6C, [5) x (Ej

16
ey



Q.7

Q8

Q.9

Q.10

Q.11

(2)
7!

(8= 232

6!
n(E)= 212121

n(E) 6! 21312

P(E):W 7 20221

:£X3:§
7 7

(6]

Letx,y, zbe probability of B,, B,, B, respectively
=>x1-y)(1-2)=0 = y(1-x)(1-2)=p
=z(1-x)(1-y)=y = (1-x)(1-y)1-9=P
Puttinginthe given relationweget x =2y andy = 3z

X
= X=6z=>Xx=6z = E:G

(3)

P(odd no. twice) = P(even no. thrice)

1 " 1 n
-3 ="Cy(3) =n=s
success is getting an odd number then P(odd
successes) = P(1) + P(3) + P(5)

5 5
_ 1 5 1 1
ﬁq&)”%ﬁjﬁ%b)

)
E, :Event denotes spade is missing
1 = 3
P(E,)=—; P{E) =—
( 1) 4 ( 1) 4
A : Event drawn two cards are spade

1 (2c,) 3 (®c,) 3 (*®c,
x| 5 +—x +— x| g
47\ %c,) 4 4%,

51(:2
4 C,

1x(12C2)+
4 | **C
2

PA)=

39
50

(2

Total cases:
6-6-5-4-3-2
n(s) =6 - 6!

Probability

Favourablecases:

Number divisibleby 3=
Sum of digitsmust bedivisibleby 3
Case-l

1,2,3,4,5,6

Number of ways = 6!
Case-l|

0,1,2,4,5,6

Number of ways = 5-5!
Case-I11

0,1,234,5

Number of ways = 5-5!
n(favourable) = 6! + 2-5-5!

p6!+2'5'5!_i1
6-6! 9
Q.12 (2
NE)=5+4+4+3+1=17
S0, P(E) = =
Q.13 [6]

Let P(E) =P, ; P(E) = P, ; P(E) = P,

P(E,NnE,nE;)=a=R(1-R)1-PR) ... 1)
P(E,NE,NE,)=B=1-P)P,L-P) ... 2)
P(E,NE,NE,) =y =1—-P)A-P)P, ...... 3)
P(E,NE, NE,)=P=(1-P)(1-P,)AL-P) .....(4)

Given that, (o — 2B) P = o
= (P,(L-P) (1-P)-2(1-P) P, (1-P))
P=PP,
(1-P)(1-P)(1-P),
= (P,(1-P)-2(1-P)P)=PpP,
— (P,— PP, - 2P, + 2PP) = PP,

=P =2P, L. (1)
and similarly, (B —3y)P=2By
P,=3P, ... )
P
So, P, = 6P, = |p =6
3
Q.14 (4
1

odd place even place odd place even place

o 1

even place odd place even place odd place

(1 11 2) (2 11 1)
:> _______ + —_— e —
2 3 23 2 2 32
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Probability

Q.15 (1)

Q.16
Q.17
Q.18
Q.19
Q.20
Q.21
Q.22
Q.23

Q.24

Q.25
Q.26
Q.27
Q.28
Q.29
Q.30
Q.31

Q.32
126

P(X = 1) =3C,.p.q*4 = 0.4096
P(X =2) =5C,.p.q° = 0.2048
q
= 2_p =2 Q.1
= q=4pandp+qg=1
1 4

=—p=gadq=¢
Now
3 2
P(X = 3) = 503.(3) (ﬂ) _10x16 _ 32
5 5 125x25 625
2
® 0
@
[4l
©)
i)
@ Q.3
@
@
@
@
Total ways of choosing square = *C,
_ 64% 63 _30%63
X
ways of choosing two sguares having common side
=2(7x8)=112
Reqired oropebility = 112 16 _i
Sauredpropadlity = 3563 32x9 18’
Ans. (2)
[781]
@
(28]
(O]
@ Q4
©)
@
[61]

21] 1]°%C,
—x1+——>1+— X
52] 2|°C,

JEE-ADVANCED
PREVIOUS YEAR’S

Comprehension#1(Q.No.1& 2)

®)
P(white) = P (H nwhite) + P(T n white)

’c, 1 °c,’c, 2
e Xt X —
C, 3 c, 3

181{3112}412223
X—Ft—X{—F+——+_——r=—+—X— =—
10 30 30) 710 2 30 " 30

N |
=
o
N |

D)
P(Hea%Vhite) _ P(Headnwhite)

P(white)
x{3x1+2><1} 4
5 52/ 10 _12
- 23 23 23
30 30
(A,D)
P(EF)=P(E) . P(F) (1)

PENE)+P(E nF)= % (2

— = 2
PENF)=oc (3
by (2)
11
P(F)+PE)-2PENF =2 .(4)
by (3 ,
1-[P()+P(-PENP] = 5¢
23
[P(E)+P(F)-P(ENF)] =25 ...(5)

2
by(4)& (5) P(E)P(F) = ;—5 ....(6)
and P(E)+P(F):% (7)

4 3

By (6)and (1) P(E) = ¢ ,PA)= ¢
3 opd
orPE)= ¢ PF= ¢

(BD)
1 1 1
Px) =2 i Px)= 75 Plx)=7

P(x) = P(E,E,E) + P(El E,E) + P(E, EZ E)+



Q5

Q6

P(E,E, E;) =

111 111 131 113
B T e e G
244 244 244 2414

P(exactly two nx)
P(x)

(B) P(exactly two/x) =

N =
N
Al
N |
NN
N
N =
N
N w

7
8

P(xnXy)

(C)P(x/x,)= P(X,)

Q.7

QS8

(A)
Favourable: D, showsanumber and
only 1 of D,D,D, shows same number
or only 2 of D,D,D, shows same number
or al 3of D,D,D, shows same number

. o Q9
Required Probability =

®C,(3Cyx5x5+3C,x5+3C;) _

216 x 6
6x(75+15+1) 6x91 _ 91
216x 6 T 216x6 216
(AB)
P(X/Y) = 1
T2

Probability

PXNY) 1
ZOPY) T2
1
= P(Y)=§
1
= P(Y/X):E
P(XNnY 1 1
= %:EDP(X):E

I:’(XUY)=P(><)+F’(Y)—P(XﬁY)=%

A iscorrect
PXNY)=P(X) P(Y)= X andY areindependent
B iscorrect

P(X° nY) =P(Y)-P(XNY)

1
6

ok

1
3

D isnot correct

(A)
P (problem solved by at least one) = 1 — P(problemis
not solved by by all)

=1-p(a) P(8) P(C) P(D) =1-

SBIHIHES

[6]

Letx,y, zbe probability of E , E,, E, respectively

= x(1-y)1-2=a = y(1-x)(1-2)=p

= Z(1-x)(1-y)=y = (1-x)(1-y)(1-2)

=P

Putting inthe givenrelationweget x =2y andy = 3z
X

= — =6
z

= X=6z

Comprehension#2(Q.No.9& 10)

(A)

1W 2w 3w
3R 3R 4R
2B 4B 5B
Bag 1 Bag 2 Bag 3

— P(WWW)+P(RRR)+P(BBB)

1 2 3 3 3 4 2 4 5
—X—=X— | | =X=X—| 4 | =X—X—
6 9 12 6 9 12 6 9 12
6+36+40 82

6x9x12 648
127



Probability

Q.10

Q.11

Q.12

Q.13

128

I(DD()BaII drawn from box 2/ oneisW oneis R)
P(ANB)
P(B)
1X2><3
P(ANB) 3 °c,
P(B) :1{1><3 2x3 3><4}

+ +
3 6C2 9C2 12C2

2x3x2

9x 8
3x2 2x6x2 3x4x2

+ +
6x5 9x8 12x11

1 1
6 6 55
1,1 2 66+55+60 181
5 6 11  55x60
(A)
3Boys& 2Girls..................
(1)B(2)B(3)B(4)

Girl can't occupy 4" position. Either girls can occupy
2 of 1, 2, 3 position or they can both be a position
(D or (2.

Hence total number of ways in which girls can be
seated is3C, x 2! x 31 +2C x 2! x 3! =36 + 24 = 60.
Number of waysinwhich 3B & 2 A can be seated =
51

. _60 1
Hencerequired prob. = 5° 5
Comprehension#3(Q.No.12& 13)
(5)]
X, +X,+X,isoddif all threeareodd or 2 areeven &
one is odd

2 34 2 23 133 1 2 4
—X—=X— + —=X—=X— + —X—=X— + —X—X—
3 57 357 357 3517
_24+12+9+8 _ 53
- 105 105
©
2X, =X, +X,.
If x, & x, both areodd 2 x 4 = 8 ways
X, & X, bothareeven 1 x 3 =3 ways
Total =11 ways

11

Total (x, X, X,) tripletsare3x5x7 = P= 105

Q.14

Q.15

Q.16

(8]
Let coin is tossed n times
P(atleast two heads) =1 —

n n
(ij - ncz.(ij >0.96
2 2

= leastvaueof nis8.
Comprehension#4 (Q.No.15& 16)
(A.B)

Red —n,
Black — n,

Box —I<

Red —n,
Black — n,

Box —ll<

n 1 n
1 2T
n+n, 2 Nng+n,

1
P(R) = 5

1 ng
2 ng+n,

n 1 n
1 + 3

1
2 n+n, 2 ng+n,

R(II/R) =

ng

n n
1 ¥ 3
N+N, Ng+ny,

by optionn, =3,n,=3,n,=5,n,=15

5
20 n, 1 4 1
PUIR)= 520 ———4_ = = _=
3,5 1.1 4 2+1 3
6 20 2 4
(C.D)
Given
n, n, -1 N n, n, _i
ng+n, ng+n,—-1 n +n, ny+n,-1 3

3(n?=n,+nn,)=(n +n)(n +n,—1)
3n(n, +n,—1)=n +n,(n +n,—1)
2n,=n,



Q.17

Q.18

Q.19

Q.20

(©
20 80
P(T)=—, =
P(D)=P(T,)P(D/T,)+P(T,)P(D/T,) Q21
7 20 80
=>—=——X+—Y
100 100 100
= 20x+80y =7
Alsox = 10y
1 1
:—& = —
=y m X
Hence, Require probability = 80x39 78
ence, Require probability = ) 301 80x39 ~ 93
Q.22
Comprehension #5 (Q. No. 18 & 19)
(B)
P(X>Y) = P(WW, WD, DW) = P(\WW) + P(WD) + P(DW)
11, 11,115
2 2 6 2 2 6 12 0.2
©
P(X = Y) = P(WL) + P(DD) + P(LW) =
14,1111 13
2 366 32 36
(AB)
P(XnY) 1 Q.24
P(Y) 2
P(XNY) 2
P(X) 5
P(Y
p(x v P _2px)_21_2
2 5 53 15
4
=P(Y)=—
(Y)=1
_ 4 2
P(XAY) P(Y)-P(X"Y) 15735 _2_1
P(Y) P(Y) 4 42
15

P(X uY): P(X)+P(Y)—P(XmY)

Probability

1 4 3 2 7
3 15 15 15
©
X+y+2z=10
Total number of non-negative solutions = ****'C, |
=1C,=66
Now Letz=2n.

X+y+2n=10;n>0
Total number of non-negativesolutions=11+9+7+5
+3+1=36

36 6
Required probability = === 77

Comprehension # 6 (Q. No. 22 & 23)

(A)
1 1 1
| el
(2! 3!+4!j_ 9 3

5! 120 40

Required probability _

©)
N(T,NT,NT;NT,)=Totd - n(T,UT,UT,UT,)

_1s = 5!—( ‘cia2i-(°c a124C 312121+ (PC21214+C 221 - 2)

=14
Probability = % = é
[422.00]
B
P(KJ =P(B)
n(AnB) n(B)
~ n(A) T n@

= n(A) should have 2 or 3 as prime factors

=n(A)canbe2,3,4or6asn(A)>1

n(A) = 2does not satisfy the constraint (1).

forn(A)=3.n(B)=2andnpA ~B =1
41

= No. of ordered pair = °C,, x > =180

forn(A)=4.nB)=3andn(A NB) =2

5l

212!

= No. of ordered pairs = 6C5 x =180

forn(A)=6.n(B) canbel1,2,3,45.
= No. of ordered pairs=26-2=62
Total ordered pair = 180 + 180 + 62 = 422.
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Probability

Q.25

Q.26

Q.27

Q.28

130

[0.50]

n(E,) = °C, (as exactly two cyphers are there)

Now, det A = 0, when two cyphers are in the same

column or samerow
=n(E, ~ E)=6%°C,,

. P[E]_”(ElﬁEz)_l_S
e E)T nE) T3
(8,0
Bal | Balscomposition | P(B;)
Bi |[B5R+5G 3

10
B, |[3R+5G 3

10
Bs 5R + 3G 4

10

G,
(1) P(B;nG) = P[ BJP(BS)—

[&rerls] el
QPG)=P PB,)+P PB,) +P

3 3 3 39
=S+ T+ o=
20 16 20 80

G) 3
o5 )

3 4
2 L -2

20

=—- =050

3

P[Ej P(GnB;) 3/20 4
@G PG) 39/80 13
(B)
2
P(H)=§for C,
1
P(H)=§ for C,
For C,
No. of Heads (o) 0 1 2
Probability 1/9 4/9 4/9
forC,
No. of Heads (B) 0 1 2
Probability 4/9 4/9 19
for real and equal roots
o=4B
(o, B)=(0,0),(2, 1)
. 11 44 2
So, probability =—x—+—x

(6]

947979 81

Q.29

Q.30

Let P(r) = probability of r successes ="C, G] &]

1-(P(0)+P(1)+P(2)) > 0.95

n n-1 2 n-2
G CRC[ERT
4 4)\ 4 4)\ 4

9n(n-1)
>0.95

1+3n+

=1- -
4

n

4
= 9I?—3n+2<0.05x4"%x2< E

for n=5 212<102.4
for n=6 308<409.6
.. least value of n=6

(Nottrue)
true

[8.00]
Prime: 2,3,5,7,11
12462

iy 15
P(Prime) 6

.
Perfect square4, 9 P(perfect square) = -

3 4
required probability

4 14 4 (14YV 4

— o x—+| = | —+
_36 36 36 (36) 36
7

7 14 7 (14Y
et X +
36 36 36 \36) 36

P(B,,)
P(B)

_PSN(E, = Ey)) _
P(E, = E,)

P(B) = P(B,,)+ P(B, )+ P(B,;)

) 0 2
1f1,2 If13 If 23
chosen chosen chosen
at start a start at start

3
1 1x%c, 1
P(Bl,Z) _gx 4C x 5C
2 2
| E—
lisdefinitely 1,2 chosen
chosenfromF, fromG,




Q.31

Q.32

Q.33

1_1x°C 1
P(B =X 1 x
( 1,3) 3 3C2 5C2

[ E— [ E—
lisdefinitely 1,2chosen
chosenfromF,  fromG,

3 3
X X
AE ):lx Cx1 1 1x°C, 1
@ 3] ‘c, ‘*c, *'c, °C
2 2 2 2
lisnot chosem If lischosen
fromF, fromF,

P(B,,) _1
PB) 5
[76.25]

p, = probability that maximum of chosen numbersisat
least 81

p, = 1—probability that maximum of chosen number is
at most 80

80x80x80 64
plzl_—:]___
100%100%100 125
o = 5L
Y105

6250, 625 61 _305 . ..
4 4125 4

25
Py is76.25

6
thevalue of

[24.50]

p, = probability that minimum of chosen numbersisat
most 40

=1 —probability that minimum of chosen number isat
lest41

. [600]
100
27 98
T125 125

.'.%p2 = % %8 _ 24.50

4 4 125
[214]
A=set of numbersdivisibleby 3
A={3,6,9,12,...1998}
.. n(A)=666
B=set of numbersdivisibleby 7
B={7,14,21,....1995}
. n(B)=285
ANB={21,42,...1995}

n(A UB) =606+ 285-95=856

Probability

; . 856
requi red pI’ObabIIIty = m =

e P 55
0, 2000

x500=214

(A,B,C)

PE)= 3 P(F)= ¢ PO)= 2 i RENFNG)= 35

(OPEUVFUG)
=P(E) +A(A) +RG) ~PENA)-PFNG)-PGNE) +
PENFNG)

1 1 1 1
=Z+Z+> > PENF+—
8 6 4 Z ( F) 10

ZP(E F) f§+1i—ZP(EmF)

3+4+6 1
24

13
=>PEUFUG)< % [(C)isCorrect]

13
(D) P(ECr\FCmGC):l—P(EuFuG)Zl—a

11
S>PENFNGY) > e [(D)islIncorrect]

(A)P(E) = 1 >P(Em FNGY)+PENFNG)

1 1 1
>PENFNGY)+ —=>§—E >PENFNG)

OOIH

1
=10 > P(E N Fn G [(A) iscorrect]

1

(B)PE)= s 2PE°NFNG)+PENFNG)

1 1
g 10 P(EFNFNG)
4
=50 2 >PECNFNG)
1
15

> P(EC " Fn G) [(B) is Correct]

U
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