MATHEMATICS Vector

Bl Exercise-1

PART -1: OBJECTIVE QUESTIONS

Section (A):Addition and Subtraction laws of vectors, Position vector, Distance
Formula, Section Formula, Direction Ratios & Direction cosines

A-1. Sol. Obviously
k| 3 ]k
a2 soLi+lEV2 @ | Y2 1oV2 g ieiek oV gl BTy
A3, sol. a+b—(zl+51)+(2l—')
:4|+4J:4(|+J)
i+]
unit vector in the direction of (5Jr b) = V2
A-4.  Sol. BC=i+] = AB=1-]
AB+BC = 2i N AC =2i
A5 Sol. O'A:27_1'+I2, Oé:f_3j_5ﬁ, OC=-3i_gl_4gk
ﬁ:_‘i‘_zj_Gﬁ, %:Z‘i‘_j.kk‘ —A:_‘i‘+3j+5k‘
EZ: %2+az
-~ Right angle A
[ S0 g + g
A-6.  Sol. OE- 2
0w (4] .
e b+d D(d) C(c)
OF- 2
AB + AD +CB + CD
A B A o [}
b—a+d a+b c+d-c
w v_v w w
_2b+ -
[ A
4{b+d a+c)} -
2 - 4EF
A-7. Sol. o
(Xi+Yyj+2K) (71 +9]+11k)
Dy —C

L 4



MATHEMATICS

Vector

A-8.

A-9.

A-10.

A-11.

A-12.

L 4

z+5=12
o7+ 71+ 7k,

Sol. Clearly A is not possible.

4] w w
W W [}

Since

Vs, Vo,

Hence V3 are coplaner

Sol.
A

A

B 2:1 ¢
E(i—j + 4K)
—2i —2j+12k +5i + 2] + 4k 16k
D= 3 =i+0+ 3 =i+
u(L]+4|2)+5i+2]+4R
P = pt

110K 312k
3 1

= A+

u+5 A+3 p+2 1
4+1= 2+l 1) N )
BA+5+pPA+pU-Au+A+3u+3
AN+5-3=2u
p=2l+1
put value of W in equation (2)

2—-(2x+1) -1

2h+2  — A+1
1-2A=-2

3
A= 2
H=2A+1=3+1=4
BP:PE=un:1=4:1

Sol. at x-axis
Q(1,0,0)
po= V4+9 - V13

Sol. A= V4 +5° =41 =

L+3
Sol. A+l =7

~5\2=5x 41 = 205

2|
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MATHEMATICS Vector

A-13. Sol. Xe+Y2+Yy2+ 22+ 22+ X2 =36
2(x2 +y2 +22) = 36

Jx? +y2 +z2 =342

A-14. Sol.

A(1,1,2)

Baan C(2.3,5)

N rres IV
AC = m:\/ﬁ
M= (3, 3,3)

AM — 2i +2]+k

A-15. Sol. Let point P is (p, g, 1)

PA: — PB: = 2k
= [(P—3)2+(q—4)2+ (r=5)] —[(p+1)2+(q—3)2+ (r +7)e] = 2kz
= -6p—-2p—-8g+6q—-10r—14r+9+25+25-1-9—49 =2k

=> 8p+2q+24r+9+2k2=0
hence locusis [putp=x, q=y, r=2]
8x+2y+24z+9+2k2=0

A-16. Sol.  cos2a+ cosz3 +cosy =1
sinza + sinzf + sinzy = 2

A-17. Sol.  cosza + coszp + coszy = 1 a+ B =90°
sinz3 + coszP + coszy = 1 a=90°-B
coszy =0 cosa = sinf
y = 90°

A-18. Sol. a=B=y
C0s20 + COS23 + coszy =1
1

1
cosea = 3 = cosa =* V3

A-19. Sol. Drsof AB=1,-3-q,0
Drsof CD=3-3,2,-2
AB 1 CD
183-B)+(-3-a).2+0=0
3-f-6-2a=0
20+B+3=0 a=-1,pB=-1

A-20. Sol.

L 4



MATHEMATICS Vector

AY
B
(0,2,0) D(3, 2, 0)
T
2 {b"\f
0,2, 1)E 4
et 3 A
A
s (3,0,0)
C(0,0,1)

F
(3.0,1)
z Py

dr's of ap are3,2,1
drsof FB are-3,2,-1

LAY

dr’s of ﬁE are—3,2,1
drsof CD are 3,2,-1

9441 3 94441 2
€080, = |————|==,0080, =|———| ==
14 7 14 7
9+4—1‘6
c0sBs = 14 7
2 3 6
So angles are cos-+ 7, cost 7, cos1 !

Section (B) : Dot Product, Projection of a line segement on other line, Cross Product
B-1. Sol.

V24
S e .
cosb = VO+549+5 = 14 :1_ :7

206

sinf= 7 Ans.

B-2.  Sol. [X1=1¥|1=1
[} i o (&) W &)
X YR=1X]2+ [Y2-2/X| Y| cos
(ZSinng l oo Sing‘
=2 = UZ»LX?ylw: ) Ans.
B-3. Sol. diﬁgoﬂali are a+b gng a-b
a+b).(a— 1
cosp= la+tblla=b] _ 3
3
. 8=cosq\3
B-4. Sol. a+b+C =g
atb-_¢

L 4
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Vector

?—->
4]

B-6.

B-7.

B-8.

B-9.

|82+ [Pl +23 - P =T,

9+25+2x3x5c0s0=49
1

cos0=2

9=3

Sol.@a=i

|

tan 120° = X

We wE o WRN
- ab+bc+ac=0

. la+bP=100 _a’+b*+2a - b

la — b[?=64 _a’+b’-2a - b
w i)

-~ 164=2(@ b

N b? =82-25=57

W=
O

Sol. [

[
|a+b+Cp=0=3+2(&

3
[ -
+ca =-_ 2

:6:
1=1P1=]¢1=1

|:
+b.c+cw‘..a) =0

X

[o =

O=

b+b.

=

Sol.
A(1,-2,2)

M[?.J —2041 2041

A+t’

C(-4,1,1)

BM . CA _

A+

Do+t

)

070
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MATHEMATICS

Vector

B-10.

B-11.

B-12.

B-13.

B-14.

B-15.

L 4

-6 -3

[1—4_1} {—2A+1
=> M1 ey L AT

((5)(5)] (
r+1 )

A+1

—25+18\+9+2A+1=0

5. 6A-3. 2+
BM =A+1 4  A+1 J+ 2+
L 3
gﬁ:?(_2|_3J+k):>)\:4
Sol. a+b ~ 5i-3]+3k
TR] - - - (;_2]""2'2) 5+6+6
(a+b)_:(5|—31+3k). 3 _ 3 _ 3
A - a
Sol. C©=% M3i-4j)
sos [31-4
5
i 1 o .
V=b+2c=g[(4i+3j)i2(3i—4j)] _ S110i 5]
Sol.  AB = (-1-2j+2k)
CD =(-3i+6] - 2k)
T s
Projection i = 3 -_3
Sol |X2 X1| =12
|y2 y1| _4
|22 Z1|:3

_4j [
2-1)+

J £2x+1
(3)+ 7\,+1

) o

PQ — \/(Xz —X1)2 +(y2 _y1)2 +(22 _21)2

= 144 +16+9 =13

i}
%ol. a
b —3i+4k
[AY W 1y _3 ? 3 4
b,_b-b_ "2 , 2
2i—2j+k

7

2x+1_0}

A+1 2-1)=0
1[—2i"+11"']
5 j

71

L 4



MATHEMATICS Vector

B-16.

B-17.

B-18.

B-19.

B-20.

B-21.

B-22.

1 - ~ -~ 2 -« < k‘

—(2|—2J+k)=——[—|+]——]
) 3 3 2
1(2?—2]+R) . (3 +2]-2k)
3 3 =0

] 2]
r a -

a
[} ]
Sol. Component of T in direction of @ = lal

(i-8]-7k) .(2i+2]+K) | (214 2]+k)
3 3

L A
_ "9 (21+2]+k) _ "3 (21+2]+K)

N =
N
|
—

=i 10l —18k
i—10j-18k
unit vector along (UxV)= + V425

=
X
<|
1

ol b=M2V2 i-j+4k); |bl=10
_IA B+1+16=10 | 5 _,, _b=* 2a

sol. Pe2legk=pi+eg) lask
2
p=1, H =A+3=2,A=-1  Ans.
T
Sol. Area = 2 |dqxd2|
i ]k
1 J
-3 1 -2
24 3 4| < :
= =2 |-2i—14) —10k|
V300
= 2 :5’\/§
N w 4] I NOW
Sol.  Area |@xPI=1(P+20)x(2p+q)]|
B R H B O 1 3
lpxq +4gxp|=|3pxql=3x—==
= 2 2
[ W w
Sol. (aXb)2+(a . b)2:144
W Al
:|a|2|b|2(sinze+cosge):144

4]
1al|P|=12

000

L 4



MATHEMATICS Vector

.12
|P|= 4 =3
B-23. Sol
8
""'«A
X
Oﬂ’jﬂ X OUEM: a fixed vector

= |OAXOBI _ :onst. number
= AOAB = const.

=> B is on the line || to base OA

B-24. sol. A - B=AC _LAB-AC=0
0

org, ME-Q7O - @
AxB=AxC _LAxB-AxC=0
org AxB-CG=0 - (2)
(1) & (2) both possible if B- C=0 (1&©
i.e.B=C
A i A o 1] (4] oo
B-25. Sol. axb=C><d& axc=bxd
4]

X
[ W W] W &} &} 'L
—axb—-axc=cxd-bxd

[ Woow
=>a><(b—c)=(c—b)><d

:(a—d)x(b—c):O

Section (C) : Straight Line in three dimensional geometry

C-1. Sol. A@213) B(-1, 3, 1)
I = (=i +3i+k) +k(3i — 2j+ 2k)
X-2 y-1 z-3

or 3 2 2 = 2 P = (8 + 3y + (=3 —24) + k(7 + 24)

8+3u=2
=_2 2, 1,3)
8+3w—1
W — 3 (1,3 1)
C-2. Sol. Point (2 + A, 2A =1, =2\ + 3)

2,-1,3) d=6

36 = Az + (2N\)2 + (=2\)2

9\> = 36

A=2,-2

A=2 P4, 3, -1)

A=-2 P(, -5, 7)

C-3. Sol. 1+A=2+2u 2+2A=4+2u
A=2+2u A—p=1 3+3A=1-2u

L 4

L 4
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MATHEMATICS Vector

C-4.

C-5.

C-6.

C-7.

C-8.

L 4

A—=2u 2
H2=-1 A=0 point (1, 2, 3)
x_¥_=2
11 -1
Sol. 2 3
DR’s are 3, 2, —6
XxX_¥y_ 2z
1T 1 1
6 4
DR’s are 2, -12, -3
cos0=0
6 =90°
Sol.  Angle between the given lines is = angle between the vectors
(=2 + ] + 2K).(3i — 2] + 6k)
N COSG:|— 2i+j+2k| |3i-2j+6k]|
Sol.
A
®
. R R .
B L c

(10A+ 11, 42— 2, —11%. — 8)
DR’s of line BC = (10, -4, — 11)
DR’s of line AL = (10A + 9, —4A — 1, — 11\ — 13)
10(10A +9) + (4N + 1)4 + (11A + 13)11 =0
A=-1

L(L, 2, 3)AL= V14

Sol.

(a, b, c)
0,0,0) (rnrn
X=y=z=r

(r—-a)+(r=b)+(r—-c)=0
a+b+c=3r

Sol. Dr’s of bisector

~

|+J+k+|+17k 2

=i +]
7 7 (i+])
Hence Dr'sare A, A, 0 (A € R)
N

Equation "of bisector
x-1 y-2 z-3
) A 0

(=27 + ]+ 2k) an

d

(3i - 2] + 6k)

10|
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x-1 - y-2 7z-3=0
2 2
C-9. Sol )
oy
N2
B
/’b/
b\\/;\{
Yo
X_Yy_2
2 3 5 0)
X_y_2
1 2 3 . (i)
5iho 2i + 3] + 5k .\ i+2j+3k
V38 V14
= (A) and (B) will be incorrect
Let the dr's of line L to (1) and (2) be a, b, ¢
> 2a+3b+5c=0 .. (i)
and a+2b+3c=0 e (IV)
a b ¢
9-10 5-6 4-3
a_b_c
= -1 -1 1
a_b_c
= 1 1 -1
equation of line passing through (0, 0, 0) and is Lr to the lines (1) and (2) is
X_Yy_=2

11 -1 Ans.

X_Y_z_,
c-10. Sol. 1 2 3 (1)
Xx-1 y-2 z-3
3 1 4 - (2)
x+k y-1 z-2
3 2 h .. (3)
P(r, 2r, 3r) lies on (2)
r-1 2r-2 3r-3
- 3 1 4
= r=1

point of intersection of (1) and (2) be (1, 2, 3).
(1, 2, 3) will also satisfy (3) as the lines are concurrent
1+k 1 1 1

3 2 h 4 hzZ;szAns.

L 4

11]

L 4
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C-11. Sol. Common normal

'l‘?’\

Iz

(2,4,5)"™,

i ik
2 3 4
3 4 5 _§(15-16)-i(10-12)+k(8-9)
_—i+2j-k
SD = projection of 1 +2]+ 2Kk o —T+2]—k
~1+4-2| 1
_|V1+4+1] V6

C-12. Sol. aiaz + bib2 + cic2=0
lines are perpendicular

Section (D) : Scalar Triple Product, Tetrahedron, Vector Triple Product, Vector
Equations, Linear Independen& and mI_inear dependent vectors

() &) A

D-1.  Sol. axbyc;=y@ b ¢
e ue RFEYCI= ]
aa ab ac
g KU Mg
ba bb bc
Won oW RE REY BN
a b ¢ ca cb cc T
[, ok =122]|P)2]¢ 2
1 i} al
@ B Cy=jaypbye
where
LI oA o
a.b:b.C :Ca:0
D-2.Sol. [Apm] _ [ phA ]_ p.(xf)
|p|‘m n| cosa = |an| cosa
= sina cosa

D-3. Sol. [7]R]=1, [”k]=—1, [k”]=1

[(a+ 2b -c) (a-b) (a-b -c)]

D-4. Sol.
1 2 -1
1-1 0
M i B
11— [a b c}zg[ach
oW oR
D5 Sol. r{a+b+c)=0
Woowow moow Woow o
=>{’[a b c]l+mla b c]+na b c]=0

L 4

12|
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D-6.

D-7.

D-8.

D-9.

D-10.

D-11.

D-12.

D-13.

L 4

Sol. ab=0 X—y+2=0 . (1)
ac=4 - X+2y=4 .. (2)
= x=0, y=2

Hence 821+ 2K

0 2 2

1 -1 1|=8
[abcl_ |1 2 0| _jaf

B9 m B o

Sol.  Diagonals of faces of given parallelopiped are 8+b b+c c+a

W

e | W [
Volume of parallelopipe using these vectors =[a+b b+c c+a] _ 2[abc]

Wl
Sol. [bca]<0
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+Xx—-6<0

= XeE(3,2

M f e A e A e .
v=Al{i+]j+K)x(i+]j+k)x(2i—3]j
ol Leg VM T R k)2 -3

required vector is 3V

W ] ¥ 4] ¥ W

o (d+a) [ax(bx(cm)]

Y I W W W
_(d+a) [a x {(b.d)c — (b.c )d}]

o [T WY K W
_ (d+a) . [(b.d)axc—(b.c)axd]
_(bd) [@a ¢ d
o axlax(axb)={a(axbja-(aa) (axb)=0_ |af (axb)
Woow W o
a=b+c & cd=0

13|
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Vector

= {

Now o d?
E] W\eﬁlg M (A‘ WVJ)N
a_ngL) 3_45.2'7

D-14. Sol =
0w [} w B o i w (4] n &) w w w
to get Ax(AxX) _ AxB (A - X)A—(A - A)x=AxB
(] (] W
c _EAX )
= )D(: |‘AI2
44 — o = Ibed] : b&c
D-15. Sol. ‘Zd :Ow ) L = disito a & coplanar to vectors
d=x[ax(bxc)]=—x(i"+]—2|2)
=
| o 1
since 9 is unit vector | =1 = A=t V6
A 4] ol [ W o
D16, Sol. C=rarubir@xh) o gjnee @ - P=1
So ac=2raa+up ab+0 N A+p=1 L)
be=%a . b+u b. b+0
> A+2u=1 .. (2
1
by  (1)&(Q A=p=3
Now ] = V2
\]g+g+r2x3+g+0+0
N V2 V9 9 9
2 ) —i+4]-k
= r=+ 3 ~C=i+k or 3
Section (E) : Plane
E-1. Sol. y=0
3-1_ 1
A+1 = A= 3
E-2. Sol. X+3y—-4z=-6
X .y .z _
-6 -2 3/2
3__8
Algebraic sum of inteept —6-2+2 2

DE

(9]

O:

[9]=

L 4

L 4

14 |
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Vector

E-3.

E-5.

E-7.

E-8.

E-9.

E-10.

E-11.

L 4

Sol. x-3y+5z=15
x ¥y z
15 + —5 + 3 :1

Sol.  a(x—2)+b(y+3)+cz-1)=0

Dr’s of the line joining (3, 4,-1) & (2,—-1,5)are—1,-5,6

normal of the plane and above line are parallel

equation of the plane
—1(x-2)-5(y+3)+6(z-1)=0
X+ 5y—-6z2+19=0

Sol. DR'sare 2,-1,1

and 1,1,2
2-1+2 1
cos 0 = 6 =2
r
p=3
6+4-10|
Sol. cos 0 = 5V2 . 3

Sol. 2x+3y—-4z+A=0
2+6-12+A=0
A=4

Sol. by-3)+c(z+4)=0
passes (1, -1, 3)4b=7c

put in equation (i)
7y+4z-5=0

Sol. a(x—1)+Db(y+3)+c(z+2)=0

a+2b+2c=0 .. (1)
3a+3b+2c=0 .. (2)

a b ¢
4-6 6-2 3-6

a b ¢ K
2 -4 3 (Let)
= a=2k

b =-4k

c =3k
2k(x—-1)—-4k(y +3)+3k(z+2)=0
2x—-4y+3z-8=0
Sol. y(x+z)=0
y=0
Dr's of normal of this plane are 0,1,0
Dr's of normal of this plane are 1,0,1
aiaz + bib2 + cic2=0+0+0=0

Normals of these plane are perpendicular

Hence planes are perpendicular.

Sol. OP L AP
a@-1)+BE-2)+y(y-3)=0
: Locus of P(a, B, y) is

X+z=0

15|
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P(a, By
Xe+Yyo+22—-X—-2y—-3z2=0
0, (0,0,0)

E-12. Sol. 2x—-3y+6z-5=0 ... 0]
20
2x—3y+6z+ 3 =0 ... (ii)
gg+5
3
J4+9+36| 5
distance =3

X=X, Y-y, zZ-2z 2[ax1+by1+czﬂ+aJ
E-13. Sol. a b c a’ +b? +c?
x-2 y+1_ z-3 [6+239]

9+4+1

3 -2 -1 14
26 15 17
—_, y:—— zZ=—

w= 7 7 7

E-14. Sol. Vertices of the tetrahedron are (0, 0, 0), (6, 0, 0), (0, — 4, 0), (0, 0, 3)

0O 0 0 1
6 0 0 1 _12
110 -4 01|
Volume= 610 0 3 1
1 6 0 O
1 O B — 10 4 0
‘[ABACADH 610 o 3
Alternative : v= 186 _ 1o

E-15. Sol. Required plane (x -y +2z-3) + A(4x+3y—-z-1)=0
XAA+1)+y(BA-1)+2z(2-N) - (3+A)=0 . (1)
Now we can observe that from the given
options equation (1) can represent only first options

x-1 y-2 z-3

=r
E-16. Sol. 3 1 2 . (1)
x-3 y-1 z-2
1 2 3 o (2)
coordinates of any point P on line (1)
P@Br+1,r+2,2r+3)
for point of intersection of (1) and (2)

L 4

16 |
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MATHEMATICS Vector

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

1 2 3

3r—2 r+1_ 2r+1

1 2 3
r=1
point of intersection is (4, 3, 5)
the equation of required plane
4x—4)+3(y-3)+5@z-5)=0
4x + 3y + 52 =50

x-2 y+3 z-1
E-17. Sol. Equation of line = 1 -1 -6
any point of the line A+ 2, —A—3, - 6A + 1)
it satisfy the plane 2\ + 4 —-A—-3-6A+1=7
= —-BA=5 = A=-1
point (1,-2, 7)

=X

E-18. Sol. (Br+2,—1+4r,2+12r)=(2,-1, 2)

distance = v9+16+144 - 13

E-19. Sol. a—-1=2A = a=2A+1
B+2=3\ = B=3A-2

y—3=-6A > y=—6A+3
(1,-2,3)
x_y_z
2°3 -8
2A+1-3A+2 —6A+3=5
A=1 > A=1/7
2 1
Point on the plane is 7 7 7

Distance = V(@ =17 +(B+2) +(y -3

V4 +9+36 =;.7

=A =1

E-20. Sol. Let ACA+1,4A+ 3,3\ +2)
(A+1-3).3+(@4A+3-8).2+(BA+2-2)(-2)=0
BA—6+8A—-10—-6A=0
A=2 - A(5, 11, 8)

(2 +(3)° +(6) =7

AP =
E-21. Sol.
B0 x=1_y-2 243
9 -1 3
{ P ; 3x-3y+10z2-26=0
-------------------- L2 SO reqd. line

L 4

17 |

L 4



MATHEMATICS Vector

A'is mirror image of A w.r.t the given plane
x=1 y-2 z+3 _ (3—6—30—26J

3 -3 10 9+9+100
x-1_y-2 _z+3 (_59}
3 -3 10 118

A'(4,-1,7)
x-4 y+1 z-7

Equation of required line 9 -1 -3

E-22. Sol. Dr’s of the line

ik
1 1
T 2| _i(2-1)-j(-2-4)+k(1-4) _ —31+6]-3k

Drsare—-1,2,-1 or 1,-2,1
X+y+z-1=0
Ax+y—-22+2=0

B a =

Putz=0
X+y:]_
Ax+y=—-2
-3x=3
X:—l, y:2,2:o
x+1 y-2 z-0
1 -2 1
putz=1
x+y_0}
4x+y=0 x=y=0 & z=1
x_y _z-1
1 -2 1
puty =1
x+z=0
4x—-22=-3
2x+2z2=0
11
= X=—2,Z=2,y=1
)(+1 2_1
2_y-1_" 2
1 -2 1
Bl Exercise-2
A ~oom
1. Sol. Beforeﬂrotation a=2pi+]
a=(p+1)f’+]’

after rotation
Since length of vector remains unaltered

\/4p2+1 _ \/(p+1)2+1
4p=(p+1e = p+1l=+ 2P
1

p=1 or 3

L 4
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MATHEMATICS Vector

2. Sol.
B 2:1 0
Ortho Centroid Circumcentre
centre g
b 2: 1 0
ddE Pe® oRa=
n 9 N
i 2.0+1p
2+1 > P=39 . k=3
3.

0 3
B c_4i-2j-6k °©
1A u i
here @a=b+C
M=t e A
“o(a+b)_o[2i+4j+2Kk]_ i+2)+k N L =+6
4, Sol. These foes can be written in terms of vector as
AL LR LI
2 2 a2 2
k
K k
NI
/4 K
Resultant = ki +(k "“Ek)j

2 2
magnitude = K? + (k+ V2 K) _ky4+2y2

5. Sol.  Letthe point be p(a, B, Y)
-- (a=1)2+ @+ 12+ (B-21)2+ B+ 12+ (y—1)2+(y+1)2=10
= 22+ B2+y2) =4
Y az + Bz+Y2= 2

required locus is x2 + y2 + 22 =2

6. Sol. f+m+n=0 (&N
f2+Mm2=n2 (2)
Put n=—=(/+m)in (2)
L2+ Mm2=/l2+m2+2/m
= /m=0
@) if £/=0; m=0 thenfrom (1) m=-n
m n

2
20 1
1

direction cosine are : \/E \/E
(i) if¢#0;m=0, thenfrom (1), {=-n

L 4
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10.

11.
12.

13.

14.

L 4

£ m n

1 0 -1
-
direction cosine are : J2' 2
Let B be the angle between the lines
1
cosB=0+0+ 2
1

n
cosb=2, =3

Sol. Dr's of diagonal BD = a, —a, a or 1-11

Dr's of diagonal AF=—-a,a,a or -1,1,1
Angle between above diagonals

coso | —1*+1 1
NN
4 b By W, _WoW
Sol. l&=€1, <1 = e +e," —2ey.e, <1
= 1 +1-2cos(28)<1
1
= 2c0s26>1 = cos20 > 2

CEE
20 € 3 = 6

(a+Pb) ¢

Sol. . =0 = P=- =5
Sol. U+v+w=0
W i W W oW W
N JuP + VP +|w[? +2(uv)+2(v.w)+ 2(wu) = 0
W W W W W oW
= 0+16+25+2 MUV+vw+wu]l=0
Juv+vw+wul| =5
=
a b
-
b
A= B
a,b L?J 7
b J—
Sol. |a‘ :| ‘ :3
B o» o~ -
Sol. Let " =Xi+yj+zk

~ ~ ~ A A A i
given expression is X[yk = zj] + ylzi - xk] + Z[xj — yi] = 0

£ I . N o] & . ] B ]

Sol. )\}\(bxg).,.bxé.,.éxg:l) {5+b+é=0,. axb =b
[V [ [ 2]

N Mbxa ,axb L axb _o

Sol. For option (ii)

Q=
(@)=
O =3

20 |
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Vector

15.

16.

17.

18.

19.

L 4

3i+3j=2]+6j+r(i—3])

A=1

option (i)

i+9j _ 2i+6]+1(i-3j)
=-1

o o~ s . e .

Sol.  Equation of line " =31 +i-k+A(2i-]+2k)

15=|\| x 3

A = £ 5 put equation (i)

—g)xg:f)

g oW " A oA
_a+b=3i+j-k

E(a, a, a)

QA D

]
.

(0.0, a)
C

DrsofBD=a,—a, a
Equation of line BD is
x-a y-0 z-a

=X
a -a a
X=air+a
y =-ai
Let M = Z=ah+a
OM s Lato BD

= a@aA+a)+(—a)(—aN) +a(ar+a)=0
= A+1l+A+A+1=0 = A=-2/3

[aZaa}
mi3 33

2

om= V3 g
Sol. cosB=1-1-1=-1<0
a&:ute angle bisector
r=(i+2j+3k) , (1-K)

N w W W 4] |
Sol. a.b=a.c=0 _, a=Mbxc)
g uony 3
|a\:|k(bxc)‘ 2
also = =1

21 |
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20.

Sol.

21.

22.

23.

WK HE KK

a.a ab ac

g BW Hpg 1 cosO coso

E'E E% g cos0 1 cos0
[:—:ul b cu;] ca cb cc| |coso cosb 1

=1(1- 00526) —cos B (cos B — cos:20) + cosB (cos:0 — cosh)
=1 —c0s20 — c0s20 + c0s30 + cos3:0 — cos:0
=2c0s:0—-3cos:0+1=(cosBO—-1)2(2cos B +1)

‘[a bc]| - (1— cosp) V1+2c0s0

Sol. a(x—2)+b(y—3)+c(z-1)=0 (1)
2a—-2b-3c=0
4a+0b+6c=0
a b ¢
-12-0 -12-12 0+8
a b ¢

3 6 —2=)\ (let) (%

Put these values of a, b, cin (1)
3x—-2)+6(y-3)—-2(z-1)=0
3X+6y—2z-22=0

|-15-24-16-22| ’
g o+36+4
sol. r= ‘
[
\f AMba)gpca) 2 A=1)+p1)
|a|_ Ial V3, 6
S>-A—pu=2 zu=—2—7\
So = Ab—(2+7\)0
r=—2|+(k—2)]+(h+4)ﬁ
by option put A =1
20 —j+5k
I.i_ b i BIA
Sol. Let V =M+ A0+ 250 [a € are non coplanar]
now W oo Wow
via_v.b _v C_o
[ n o wWow
Ma.a  hab | Aza.c_
(X I oo [
Mb.a kzb.b+ Azb.c _ g
W W W N

rc.a, Azcb AzC.C _ g

Only possible values of A1, A2, As=0 as

L 4

L 4

22|



MATHEMATICS Vector

24,

26.

27.

28.

L 4

WK KA i
a.a a.b a.c
K Uy K
b.a b.b b.c|z0
BE BE @N
c.a c.b c.c

] W oW
Sol. PVs of vertex P,Q,R,S are (Let) Oab+ab
using swection rule PVs of

4(b+8)+ 4 b +a)+4b
xzw Y;ﬂ
S and o b
PZ XZ
— = — =\
again Let ZR and YZ
PVs of point Z may be given as S(b) -2 R(b+a)
B4 i 4b <!
s N w Ml b+= [+1[a+— X
A(b+a)+0 5 5 4
A+1 g also as H+1 P(0) a@

] [
Equating both answers and coefficient of a&b

(they are representing non collinear vectors PQ&PS )
1 4u
M+|— — |+1
A 5 A 5
A+1= P+1 and A+ = u+1
L2
Solving these equations gives 4

[ T 4N N

a.a a.b a.c
N n B H i
b .a b b b. ¢
LA L
Sol. ' ol Mabel _ gy, - 16
(O] [T
W W W (]
aa ac aa 0
a W g ¥pm il w
also  (@xb) - (axc) _|ba bcl _ |0 bc SlafF (b . c)
] [}
Sol. 2 M=g=16+4+25 =45
'} [l [} (4]
r.n=a.n
il Ao ~
r.(4i-2j-5k)_ 45

Sol. Let equation of planeisa(x—1) + b(y—1)+¢c(z-1) =0

0+b(-8)+0=0 b=0
—-8a—-4b-6¢c=0 = 4a+2b+3c=0
= 4da+3c=0
a b ¢
N 3 0 4
Dr's of the normal are 3,0, - 4
xy plane:z=0 Dr's of the normal are 0, 0, 1

3(0) + 0(0) — 4(1)# 0 so planes are not perpendicular

23 |

L 4



MATHEMATICS Vector

29.

30.

31.

32.

33.

L 4

Sol. E Equation of plane passing through (1,0,0) is :
= ax—1)+b(y-0)+c(z-0)=0
£ a(x—1) + b(y) +c(z) =0............. (1)
£ (1) also passes through (0,1,0)
E —-at+b+c0=0 ... (2)
x
i angle between plane (1) and x+y—-3=0 is 4
a.1+b.1+c.0 1
B vZa®V1+41+0| _ 5
| a+b ‘

|\/a +b? +c? \/_‘

= (a+b)2—az+b2+02

= 2ab=rcz £ from equation (2) a=b

= 2az = C2 = C:a\/i or C:_a-\/i
equation of planes are x +y * V2 z-1=0

SO direction ratio of planes are (1, 1, + \E)

Sol. 2X—-y+2z2=6 .. (1)

X+y+2z=7 .. (2)

X—-y=3 .. (3)

Let the equation of plane Lrto (2) and (3) be

ax+by+cz+d 0 e (4)

- at+b+2c=0
a-b+0.c=0
a_b__c
2 2 -1-1
dr’s of normal to the plane Lr to (2) and (3) are 2, 2, — 2

(2)(2) +2(-1)+(=2)(1)

now angle between both planes is cos8 = 323 =0

> =90°
[T b

Sol. axb js vector perpendicular to plane contamlng a and
|-

= axb I|es |n the plane which contains C and d

N (a X b) (C X d) 0

x. vy, z
Sol. Equationof2planes @ P ¢=1 . (i)
X, ¥y, z
a byoc-¢ (ii

distance form (0, 0, 0) on 2 planes are equal

1 B 1
At 1
a> b? c? a? +b? +c?

Sol. The planes are

y+z=0 ... Q)

z+x=0 (2)

24 |
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34.

35.

36.

L 4

Xx+y=0 ... 3)
X+y+z=1 ... (4)

Solving above equations we get vertices of the tetrahedron
(0,0.0)

-1,1,1) (1,1,-1)

(1,-1,1}

as (0,0,0), (=1,1,1), (1,-1,1) and (1,1,~1)

-1 1 1
1 -1 1
6 1 -1
Required volume =
10 2 1
s 0 T o4 2 2
_ ool 5.3, .3
2
729t = 729 x 3 =486
Sol. 2X-y+3z+4=0=ax+y—-z+2 . (1)

-+ equation of plane through (1) is
(2x-y+3z+4)+ANax+y—-z+2)=0
X2+aN)+yA-1)+z@B-N+@+2\)=0 we(2)
X—3y+z=0=x+2y+z+1 .. (3)
-+ equation of plane passing through (3) is
(x-3y+z)+pux+2y+z+1)=0
XL+p)+y@u-3)+z(+1)+p=0 e (4)
if lines (1) and (3) are coplanar, then

2+ah  A-1 3-A 4+2

u+1  2p-3 p+1
Solving thiswe getA=-1, p=1

s a=-2

Sol. aiaz + bib2 + cic2=0
6-2-2m=0
m=2

Sol.
10+10-5

5\3.3

cos (90-106) =

-1 2| ie-1)-ja+1+k(-2-3) _ 51-5)-5k

25|

L 4



MATHEMATICS Vector

X—X, Y-y, z-2, X-X, Y-y, z-2

Xy Y4 Z Xy Y4 Zy

37. @), 7 =0 @l e Yo%
AR, AB & C

Sol. Vectors are coplanar
Equation of the required plane

X=Xy Y-Yy1 zZ-2z

ALY 2)
Xg =Xy Ya=VY1 Z—2Z4=0
d, d, d,
B d,,d7,d3
X=Xy Y-V, Z-2Z, ‘j‘z’yz-fz) -
X1—=Xs Y1—VYs Z1—2,|=0 C=di +d,j+dak
or d, d, d,
x-4 y-3 z-2
1 -4 5
38. Sol. . (1) = Fo30)
x-3 y+2 z-0 s e
Equation of the plane is
x—3 y+2 z (x, vy, z)
1 5 2/=0
1 -4 5

(x-3)(25+8)—(y+2)(5-2)+z(-4-5)=0
33x-99-3y-6-92=0
33x—-3y—-9z-105=0

11x-y—-3z=35

39. Sol. Equation of plane passing through (0, 0, 0) is
ax+by+cz=0 e (1)
== (1) is parallel to the line

x-1 y+3 z+1

2 -1 -2
o} 2a—-b-2c=0
b
a-c= 2 (2
a-3b-c |_5
[2 12 2 3
N a‘+b°+c

L 4
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b
EfBb 5
502 3 2
T+280 b7+23c
= as az+ca= 4
b2
= ac= 2
2 2
b—+2b2=&
= (@+c)z=(a—-c)e+4dac= 4 4
3b -3b
= (a+C): 2 ; 2
b
fa=b ; and c= 2
equation of plane 2x + 2y +z=0
or
-b
ifa= 2 ; and =—b

equation of plane x —2y + 2z =0

X+4 y+6 72717r

40. Sol. Li: 3 5 2
L2: 3x—2y+z+5=0=2x+3y+4z-k
Any point on the first line is (3r— 4, 5r—6, — 2r + 1)
As lines are coplanar therefore this point must lie on both the planes representing the second line
3Br—4)—-2(br-6)+(-2r+1)+5=0 = r=2
and 28r—4)+3(5r—-6)+4(-2r+1)-k=0= k=4
PART - Il : MISCELLANEOUS QUESTIONS
A-1 Ans. (2)
Sol
A(a)
B(b) e
Woom
aa+bb+cc
[= at+b+c
A-2.  Ans. (1)
Sol.  Statement-1
sin2a + sinzf + sinzy = 2 = €0S20 + COS2[3 # coszy = 1 (True)
Statement-2
L+m+n=1 (True)
¢ =cosa, m=cosP, n=cosy = €0S20 + €0S2f3 + coszy = 1
Statement - 2 explains statement - 1.
A-3.  Ans. (2
Sol. Statement-1
xy+yz=0

L 4
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x =0, y+z=0
1,00 0,1,1
aiaz + bib2 + cic2=0
Planes are perpendicular. (True)
Statement-2 Obviously false
A-4. Ans. (3)
® 7] W ] o il
Sol. a+5b+3c=0 a=—(3b+3c)
a.(bxc)_ ~(5b+3c) (bxC)_,
woow W
while b.(@a+c)=0 in general

Hence S: is false, S:is standard result.

A-5. Ans. (1)

Sol. Both the statements are independently true
-1 6 -7
-4 3 2
-4 1 1
T(mn’—m'n)?
10)-6(4)-78) _81_,
2 2 2 9
SD. = :| 1° +(4)" +(8) |

Section (B) : MATCH THE COLUMN

Note : Only one answer type (1 x 1)

B-1. Sol. Obvious

B-2. Ans. (A)-r;(B)->s;(C)-p:(D) -q
[ B A
sol. (a) [abcl_,

(B) wowoooo [
[3(a+b) fﬂbu;c) 2(c+a)]

:6x2[abc]

=12x5=60

Q-4

1 ]
©  2laxbloy

1 il o oo
2 I(2a+3b)x(a—b)|

>

1

o

1 W [
2 |—2axb_3(a><b} |

L 4
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5,
_ 2 |axb]|
=5x20=100
R-1
(D) 'in":so L
(a+b)x§|:|bxa|:30
S—)Z
B3. Ans. (A) - d, (B) ~p (C)~ () (D)~ () s W w e
sol. () Xxb—a ang @b=0 _Xx=ab+pa+yaxb
1 g B 4 5 B
y=——d— X =ob——f—axb
bx(bxX)=bxa b-|b? x=bxa
(B) x ( zx)—m Xwa & Bb—|b|" x=bxa
X
X = b2+§®g
b |b]
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

2 2
(D)  AB=2EF=2VMm +n

Similarly

BC = 2DF = 2V¥* +n”

CA = V& +m?

AB: + BCz + CAz = 8(f2 + mz + n2)
AB? +BC? + CA?

2im?+n? =g

B-4. Ans. (A)-r;B)-q;(C)->s;(D) ->p
X—1 y z+3
Sol. Li:= 2 =-1=1

ik
1 2
5

I
w N =

-6
Normal of plane P :

=i (c16)= I (ca2-6) + k (32)
- _161 +48) + k32
L B i-8j-2k
Point of intersection of L1 and L2
2ki+1=k:+4
—ki=k2—-3
1=3k-2
k=1

L 4
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Point of intersection (5, -2, —-1)

Plane (x-5)-3(y+7)-2(z+1)=0
X-3y-2z-5-6-2=0
Xx—3y—-2z =13

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

Section (C) : ONE OR MORE THAN ONE OPTIONS CORRECT
CORRECTY:

[27—2]} {7—]+2f+2jj [3i+j]
C-1. Sol. Here D 3 and E 3 orE 3

& )

Now, let P divides BD inA:1and P divides OF in1: M.

}\.(2|72])+‘i‘+‘j Aok
3 Bi+]
A+1 3i+]
801 p = 3(IJ+1) ;
Solvingwe get A=3:4 L
H=1:6. ° D Ci-J

C-2 Sol.m (3, 4)
Let I be inclined at an angle a to each axis, then
/=m=n=cosa

Since /f2+m2+n2=1=3cos2a=1

C-3. Sol. €c0SO = /102 + mum2 + nin2
Dc's of Ba(bisector)
0L+4,

_ \/(121 +32)2 +(m, +m2)2 +(ny +n2)2

TR 8+4 2+,
= \/2+2({’192 +mym, +nNy) _ 2+ 2c0s0 _ 2cos0/2
|32

(/“1—/2)i+(m1—m2)]+(n1—n2)li\

my+m,  ny+n,
Similarly 2cos6/2  2cosH/2
Similarly Dc's for bisector -

L 4
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&L-& mi-m, n-ny

2sinY  2sin?  2sin?
2 2 2
A b a) =b
C-4. Sol. Since @and ?are non- collinear and @~ “thenA:O,u:O.
g o V3 oy 1
a'b_ 2 -gand P°_2=0
z z
= a= GandB: 3
C-5. Sol. Let equation of line ¢ is
x-0 y-0 z-0
(8 = b = ¢ g

This line ¢ is perpendicular to given line /1 and /2.

Hence a+2b+2c=0
2a+2b+c=0

for /1 for ¢2
Now A(—2Kz1, 3K1, —2Kz) B(—2kz, 3kz, —2k2)
Point A satisfied /1

2kl + 3kl —2kik= B+ 1)1 + (=1 +20)) + 4+ 20k

3+4t=-2ki o, 1)
“1+2t=3k . @)
4+2t=-2ki ..., @)

2)&(B)-5=5kiki=-1=A(2,-3,2)
Let any pointon /2 (3+2S,3+2S,2+S)

_ J(1+28) +(6+2SP +(SP _ 17

9S: +28S + 37 =17
9S:+285+20=0
9S:+185+10S+20=0
9S(S+2)+10(S+2)=0
S =-2,-10/9

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

Given

. Uoan Woae  Woa . " - PO
c6 sol. Let a=@Di+@DI+@KK_(qyT gyl 4(q)k=Ititk
: j i j

a W "_ Hoaa s s . : .ot
b= 0 Di+® Di+® 0K _ )74 1yleokei-
and 6= 1+1-2k
aow | [
Then ab_b-c_c a_g
' Bom
. abxc =6,
L?_\J (37
.ab

A
and ¢ are mutually perpendicular.

L 4
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C-7.

Sol.

C-9.

C-10.

C-12.

Lﬂ (&}
Also, wa'bx =6
a , form the parallelopiped of volume 6 units.

1 Y WIS WY

Sol.  Volume = 6 [OA OB OC]

5 1| 0 1
6_.6/0 1 &
> N+A-6=0>A-2)(A+3)=0=>A=2-3

Ans. (1,4)

W i
Required vector |s )\C x (8x lC’)
1 i)

)\[(c b) a_ (é a)b]

AN(1+2+1) (i+1+2k) — (1+1+2) (€+21+|2) ]

A-4i+ak]
S0 our vector is parallel to ik
w &'} ﬁ ¥y
Sol. V\N/eh%\/euxxfzlej Hoow N WY W AW
= ax(xxb)_ax(cxb) (@b)x-(a-x)b_ ax(cxb)
Hoow v
ax(cxb)
W (2] W
N x - ab (,.,aJ_x)
Also. 8% (€xb) __ (cxb)xa _ (bxc)xa
0 (s
b-a
- (2i+3k)x(4]-3K)| |(j-k)x(3i+3])
Sol.  Vector AB s parallel to [ J>< [ }
Let B is the angle between the vectors, then
+(54+108] L1
cosO = 3.54V2 = V2
n 3n
Hence 6= 4, 4 .
a-cbd]=0
Sé)l For co-planer lines [a-cbd]=
a=(1,-1,0), = ¢ (-1,- 1, 0)
b 2i+k]+2k d _ 5i+2j+kk

= 54(']:_'2)

L 4

L 4
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C-13.

C-14.

C-15.
Sol.

200
2 k 2

Now_5 2 Kk =0 = k=2

H1zﬁ1xﬁ1:6]—6|2, for k=2

np_ - byxdy 141414k (o

5z
=

A i}
: r—a
so the equation of planes are (w . )

y :0=>y—z:—1
(r—a)n, =0

s>y+z=-1
so answer is (B,C)

Sol 0 a-3 =2
X—o Yy z
0 1 2-a
5-a 0 0
0 3-a -2
0 -1 2-« -0

G-a(B-(2-a)—2)=0
(z-50+6-2)=0
(a=5)(az2-5a+4)=0

Sol. Let equation of planeisax+ by +cz+d=0
i j k
-1 1 -2

4 poxn 12 A
Normal vector of plane = N = "17"2 = =3i-3j-3k
and plane passes through (1,1, 0)
so equation of planeisx—-y—-z=0
1

p:O,q: \/g
Ans. (2,3,4)
R(0, 3, 0) Q(3,3.0)
3
51339
0 P(3,0,0)
[E,E,aj e o s w3 3
S = 2 2 = 0Q =3i+3j = OS:2T+2]+3k
1 1
22 T _1
1 1 3 3
cosf = J§J2+4+1 = ‘E\E
b= 0Qx08= (i+i)x(i+j+2K)= k-2j-k+2i - 2i-2]
X—y=A > X=y >

...... 1)
...... @)

3
1 (3,0,0)=2

L 4
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333 3 3
RS . 2 2 =)\ = X=2Ny=—2A+3,z=3\
/§73+9 15
T distance = V2 = 2
(0,0,0,)
3. 3, .
[2%,—2n+3, 3n}
° [377;@2 27 9 1
D=4k+"' 2 +90= 2A-9A+9 = A= 27 =3
Bl Exercise-3
I N L I
. <ol ((c.é?b—(c.b)a)—(a.c)b—(a.b)c=> (a-b)6 = (c.b)a
2. sol. Let IBCl=y
«In AABC

m
A C

AB
(= VAB? + AC? and tanf = AC
8 Ac
- sing= ? and cosf= ¢

Resultant vector

i~ o o)
_ AB AC sin6  Lcos®”)_ | AD
AB.AC
Now , AD = ACsin@ =/ cosBsing= ? .. ()
Magnitude of resultant vector

\/1[ 1 +1) ¢ 1
©\sin0 cos?0) _ (AB)(AC) AD [from Eq ()]

AGBC-0 _  (@-2i-2ij{@-ni+6k=0

3. Sol. => @a-2)(a-1=0
X-b y-0 z-d
4. Sol.  Given equations can be rewritenas @ = 1 = ¢
x=b" y-0 z-d
and a =1 = ¢

These lines will be perpendicular, ifaa'+cc'+1=0

L 4
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L 4

Sol.  We know that, the image (X, y, z) of a points (X1, y1, 1) in a plane ax + by + cz + d = 0 is given by

X=Xy Y-V z-2, -2(ax, + by, +cz, +d)

a - b - ¢ - a? +b? +¢?

x+1 y-3 z-4

Thus, the image of point (-1, 3, 4) inaplane x—2y =0isgivenby 1 = -2 = 0

=2[1x (1) +(-2)x3+0x4] Xx+1 y-3 z-4 —2(-7)
= 1+4 = 1 =-2 =0 - 5

49 0 13
= x= 2 —1:5,y:—5 +3=-9 andz=4

Hence, the image of point (-1, 3, 4) is [

1
|20x30 |=6sin0=1 _ sng= 6

Sol.
(0, ;}
as Be
So only one value of 8 is possible.
W oW

sol. [@bcl=0_ __»,
Sol. Let the direction cosines of line L be 7, m, n. Since, the line intersect the given planes, then the
normal to the planes are perpendicular to the line L.

20+3m+n=0 ... 0]
and (+3m+2n=0 ... (ii)

£ mn

From equations (i) and (i), we get 3=-3=3=k (say)
We, know, f2+Mm2+n2=1

(3k)2 + (=3k)2 + (k)2 =1

1
= 27k2=1 = k= 3J3
1 1
(= V3 > cosa= V3
I
Sol. Since, a line makes an angle of 4 with positive directions of each of x and y-axis, therefore
x T

a= 4 , B =4

We know, cosza + cos:[3 + coszy = 1
i T
cos24 +cos24 +cosey=1
i1

= 2+ 2 +cosey=1
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10.

11.

12.

13.

14.

L 4

s
= coszy =0 = y=2

Sol.  Given equation of sphere
X2+Y2+22—-6x—12y -22+20=0
whose coordinates of centre are (3, 6, 1).
Since, one end of diameter are (2, 3, 5) and let the other end of diameter are (a, B, y), then
a+2 B+3 v+5

2 = 3, 2 = 6, 2 = 1
> a=4,B=9andy=-3.
Hence, the coordinates of other point are (4, 9, — 3).

M T N »
a=k['+2]+k]

M . . T 9 r "
a=k(b+c)=7x['+J J+k}

—+—
Sol. 2 2 V2
Now get a & B
AW o
E.c :—56|£|
2
Sol. cosG:IaIICI 56D = cosb=-1 = 0=1

Sol. Equation of line passing through (5, 1, a) and (3, b, 1) is
x-3 y-b z—1
5-3 :1—b = a-1 m(D

17 13
—-b ———1
{0,17,13} 3 2 2
Point 2 2 satisfies equation (i), we get — 2 = 1-b - a-1
_15
\ 2)
-2
> a-1= 2) =5
= a==6
s
Also, -3(1-b)=2
> 3b—-3=17-2b
= 5b =20 = b=4
x-1 y-2 z-3
Sol. Given, k = 2 = 3 (i)
X—2 Y- z—
and 3 =k = 2 (i)
Since, lines intersect at a point. Then shortest distance between them is zero.
k 2 3
3 k 2
11 -2 _o

k(-2k—2)—2(-6-2)+3(3-K) =0
—2k:—5k+25=0
2k: +5k—25=0

U
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> 2k2 + 10k —5k—-25=0
S
= 2k(k +5)=5(k+5)=0 = k=2,-5
Hence integer value of k is — 5.
15. Sol. 3p2—pg+202=0
=>p=0,9g=0
16. Sol. Parallel vector of line and normal vector of plane are L
3+(-15)-2a=0
=—6
Now2+3-a(-2)+p=0 [(2, 1, =2) lies on the plane]
> B=-5+12=7
17. Sol. fr=6,mr==-3,nr=2
arz(f2+mz2+n2)=36+9+4=49
= r=7
6 32
</,mn>=< 1 -7 7>
18. Ans. (1)
Sol. Let image be (a, B, y)
a-1 p-3 7y-4 [1—3+4—5J
1 = -1 = 1 =2 3
a-1 pB-3 y-4
= 1T = -1 = 1 =2
= a=3,B=1,y=6
= A(3, 1, 6) statement 1 is true
Now midpoint of A(3, 1, 6) and B(1, 3, 4) is (2, 2, 5)
equation of planeisx-y+z=5
coordinates of midpoint lies on the plane so plane bisects the line segment AB. But it is not
correct explanation of statement-1
Hence correct option is (1)
19. Ans. (4)
W ] © A W o AW w W o N [ AW W i
Sol.  Since @axb+c=0 N ax(axb)+axc=0 =>(a.b)a—(a.a b+axc=0
Since axC= “2i-j-k
= = A aa . W 4 2 o .
$3(J—k)—2b—2|—j—k=0 =>b=—|+1—2k
Hence correct option is (4)
20. Ans. 4
0 ns S”)S "
Sol. ab.C are mutually orthogonal
woow
f a.c=0 >  A=1+2§=0 ... 0
and
b.c=0
€= = 2A+4+p=0 ... (ii)

L 4

solving (i) and (ii), we get A=—-3andp=2
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Hence correct option is (4)

L 4
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21. Ans. (2)
1

- 1

Sol. !é:\E, m=-2
1 1
L+me+n=1 = n=4% = n=+ 2

1
cosB= 2, 0 = 60° Hence correct option is (2)

22.  Sol. (1)
W ol

(28 b).d[(gxi)x(ﬁ+2§)1d

=-(@a-b).(@2b)x@xby

=-(22-5).[(8+2D). )~ (A+2b) 2)b]
a a + b_b)g (a a+2b )9)]

23, Sol. (4

24.  Sol. (4

> pr-1)+11-nN+11-q9)=0
= pgr—-p+1-r+1-q=0
= par—(p+q+r) =-2

25. Soﬂl. ) .
a+3b=Axic (1)

o N A
b+2c=pa @ )
(1) -3(2) gives (1 +3u) a—(A+6) €=0

As @ and ¢ are non collinear

~1+3u= Oand )\+6 0
From (1) a+3b+6c=0

26. Sol. (1)

L 4
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27.

28.

29.

L 4

x-0 y-1 z-3
1 2 Ao (1)

X+2y+3z=4 ... (2)
Angle between the line and plane is
aa, +byb, +cCy
_ \/az +b? +02\/a2 +b2+c?
cos (90 —0) = V51 771 TEINT2 T E2 T2 = ¢os (90 - 6)
1+4+3% 5+3h
L sing= V14x\5+22 14 x5+

But given that angle between line and plane is

) (&
14
6 = cos-: = sina V14 = sin 6
3 5+ 3%
from (3) V14 = V14 x5+ 42
= 9(5 +A\2) =25 + 9\ + 30 A = 30\ = 20
2
3

A= Ans.

Sol.  (2)
?8(1‘6.3)

3A(1,0.7)
Mid- point of AB = M(1,3,5)
M lies on line
Direction ratios of ABis <0, 6, — 4 >
Direction ratios of given lineis <1, 2,3 >
As AB is perpendicular to line
~ 01+62-43=0

Sol. Q)
x-1 y+5 z-9

Line through P(1, -5, 9) paralleltox=y=zis 1 = 1 = 1
QXxX=1+Ay=-5+A2z=9+]A)

Given planex-y+z=5

#1+A+5-A+9+A=5

= A=-10

& Q(-9,-15,-1)

. po= V(1497 +(15-57 +(9+17 _ /300 _10/3

Sol. 3)

Let foot of perpendicular is (2a, 3a + 2, 4a + 3)

= D' ratio of the perpendicular line <2a-3,3a+ 3,4a-8>
and D' ratio of the line< 2, 3,4 >

> 22a-3)+3(3a+3)+4(4a-8)=0

= 290-29=0

J5

=\ (say)
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30.

31.

32.

33.

L 4

a=1
feet of perpendicular is (2, 5, 7)

2 2 2
= length of perpendicular is m: V53

=
=

Sol. Equation of parallel plane x -2y + 2z +d =0
d
42 2 2
Now 1“+2° 42 =1
d=%3
So equation required plane x —2y + 22+ 3 =0
d

2 2 2
VE+22 422 [_ g

v+1 z-1

x-1 y+1 z-1
Sol. 2 = 3 =

W wo B
3(1!_111)1 r:a+k
b (2,3,4) i
& : cw:+pd
g (3, k, 0); r=

d(,21)
These lines will intersect if lines are coplaner

w W -~
a-c bgd zre coplaner

i} W oo

[a_C’b’d]ZO

2 k+1 -1

2 3 4

1 2 1:0
= 2(-5)-(k+1)(-2)-1(1)=0
= 2(k +1) =11

°
= k:2
Sol ¢ -a+2b
d- 5a4-4b
W W
C.d:o
= (a+20).(5a-4b) - ¢ = 54620 _g-g
" n
— a'b: 2 = 623
W W [\J-b

B L S 12

Sol. ax= PPl Ip]
B c

0l
=
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34.

35.

36.

Note :

37.

L 4

=3

]
A VW [t a p-
BX= BA+ AX =_d 4 [Pl

sol. (3) e oo
AB+BC+CA= _, BC=AC-AB

N
T=

o Mm_mm
BMzAC AB
= 2 B M C

VI VAU WY A B

= AB+BM+MA:O = 2 =
ANAN
|AW:\53

=

Sol.  (3)
2x+y+2z2-8=0 ..(P1)
5

2x+y+2z+ 2=0 ..(P2)

Distance between P:1 and P2 =

Soml. ‘ g:%)w
[a-—c b d]
=0
2-1 3-4 4-5
1 1 —k
kK 2 1

17 -1 -1

1 1 -k

k 2 1]_,

S 1(1+2K) + (L+k)—(2-K) =0
>k:+2k+k=0

>k +3k=0

=>k=0,-3

=0

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

X-2 y-3
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38. Sol. Ans. (3)
x-1 y-3 z-4 -2(2-3+4+3)
2 = -1 =1 = 4+1+1

x-1 y-3 z-4
= 2 =1 =1 =_2
Image of point (1, 3, 4) on given line in the given plane is (-3, 5, 2)
Line is parallel to given plane 3, 1, -5

X+3 y-5 z-2

So, image 3 =1 =3
39. Sol. Ans. (3)

8+m+n=0__ . (1)

2 =m?+n?® )

= #-m? _ (- _m)=0

= 2m(m + P) =0

m=0 or T=_m

so direction ratiosare —1,0,1 and-1,1,0

[ aja, +bb, +c4Cy

[.2 2,2 [2 2, .2
a; +by +c54a5; +b5 +c¢
cosO = 1 1 148z 05 +C3
1+0+0

22

1

=2

= c0s0 =

L B==
3

40. Ans. (4)

Sol. Point of intersection
(BA+2,4\-1,12A + 2)
BAN+2—-4A+1+12\A+2=16
11IA=11 = A=1
(5, 3, 14)

Distance = V16 +9+144 = /169 =13

41. Ans. (3)

Sol. Equation of real plane
2Xx—-5By+z—-3+Ax+y+4z-5)=0
X(2+A)+yA —5)+z(4A+1)-3-5A=0

A+2 A=-5 4r+1 55

s e %
=

BAN+6=A-5

2A= 11

L 4
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—11
A= 2
i"-ﬂ-muﬁ:o
= equation of plane 2 2 2 = 7X+21y +422-49=0
= X+3y+6z-7=0

42. Ans. (1)

By B 1 i
(axb)xc:—|b||c|a

Sol. . 3
—Cx(axb)

RER BEE 4

—(cbla+(ca)lpb==|b]|c|a
(cb)a+(ca)p=Iblic]
1 RONE  RE N
(3|b||c|+(c.b)]a_(ca)

W 3
Since @&D are not collinear V8
nE 1
cb+— oo

3lbllc|=0 & €@ =0 !

1
cosB+ 3 =0

1 B o242
cosf=— 3 = sing= 3 = 3
W WK
. (axb)c
Aliter :
(Eg)g (E@)E—HEH&E

- REA-

BEE 1 B o§ BEyK

(ac)b= g||:>||c|+bc a

550
1 H 0y
—|b]lc|+bc

& 3 =0

1 B p B g

§|b||0|+|b||C|
cosB=0

_A
cosf= 3

1 22
sinB = 9 3

43. Ans. (3)

Sol. () (3,—2,-4) liesonthe plane ~3/(-2m+4=9 =>3/(-2m=5 ... (@)
(i)2/-m-3=0 >2(-m=3 ... (i)
from (i) and (ii) (i) (i) ¢=1landm=-1

44, Ans. (3)

L 4
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Sol.

45.

Sol.

46.
Sol.

47.

L 4

X=y=2

///

x-1 y+5 z-9

LS

=2
Equation of line PQ : 1 1 1
~Qcanbetakenas (A+1,A—-5 A+ 9)
~Q AM+1,A-5A+9)
AsQliesonplanex—-y+z=5
A+1)-A-5)+A+9) =5
A=-10 = Q(-9, -15, -1)

Required distance PQ =

Ans. (2)

Let R be the point of intersection of plane and line passing through P and parallel to given line.

So,Ris (1+A,—2+4A, 3+5A)

substituting co-ordinates of R in plane
2+2A-6+12\—-12-20A+22=0 =6A=6=>A=1
So, Ris (2,2,8)

Hence PR = V1+16+25 — /42
So, PQ = 242

Ans. (2)

J1+97 +(-5+152 +(9+17 _ J100+100+100 _ 1043
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Sol. Let the plane be
ax—-1)+b(y+1)+c(z+1)=0
a-2b+3c=0
2a-b-c=0
a b c
5 7 3
5x—-1)+7(y+1)+3(z+1)=
5x+7y+3z+5=0

P(L, 3, -7)
5+21-21+5| | 10 |
gl V25+49+9| |83

48. Ans. &2)
i - ~ W . WK
Sol a=2i+j-2k,b=i+j|c-al=3

T
w o w A &) &} J—
|(@xb)xci=3 naxb - 6
&
Now 6”(bl%'cl sin300 = 3, |3><b||<:|_6
allbl|c N
HIE lsno 6 o i
{2%—1] T
A ri _r
|a|:3, | |:J§ 0 = cos. 3\/§ 4
° 2
o ——A/2
lcl- 327 -,
|c-a|=3
H2
CI2 —2a.c+|af E.E:ﬂzg
Squaring, we get |¢I" —2a.crlal’=9 _ 5

~
J

PART -1l : JEE (ADVANCED) /IIT-JEE PROBLEMS (PREVIOUS YEARYS)

1

“ l A W o 4 JEE—
1. Sol.  Vector lying in the plane of @ and P is F=%a+hb and its projection on € is V3
- - - [| +j k] 1
(R +2,) T+(20=2y) J+(A+2y) k. L
:[ 1 2 1 2 1 2 :| \E _ \/5
= |2u-A =1 = 2M—N =1

taking negative sign 2A1—A2=-1

L T=@h 1) i-j+@h ) K

Hence the required vector is 4 il iak
Alternate :

1

W o H = 4
Vector lying in the plane of @ and 2 is @+Ab and its projection on € is V3

s i " (‘l\*]*lz) 1
[(1+7L) i+(2-21) j+(1+2) k TJ A

=

L 4
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L 4

=> A=3

Hence the required vector is 4 i_ ) +ak

Sol. For coplanarity,
-2 11
1 A 1

a2
1 1 * =0 = As—3A—-2=0
A=2)(Aa+2N2+1)=0

N=2-1 = A=+ V2

Sol. Sﬁtemnt uu:!ﬂu
RS +ST =RT

and RT is not parallel to PQ

=y (Igﬂém+§m$) .

S0 PQ «
s
T R
u Q

Statement - 2
while PQ & RS are also non paraIIeI

So PQXRS¢0 F’Q ST -0

ol B+brd-b
a+b=-c
i/ \b i/ \b
c = -
For a tnangle
axb - bxc = Cxa zQ
. _a b ¢
Sol. Volume of parallelopiped = | |
L
2 2
4.4 a.ba.c 141
. w a I . 2 2
b a b .b b c 11
Ty
Now, @ b éf_| ¢ ac.bec c: 2 92 _2

Hence volume = \/E

Sol.  (C)
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2Xx+y+z=9
X—2 y+1 z-2

equations of line are 1/V3 = 1V3 = 1143
X—2=y+l=z-2=r
Q=(r+2,r-1,r+2)
Q Liesontheplane2x+y+z=9
20+2)+(r-1)+(r+2)=9

P

N

= 4r+5=9 = r=1
: Q@3,0,3)
PQ = VI+1+1 2 3
7. Sol. Given 0Q = (1—3p)i + (M -1) I+ (5p +2) R, OP - 3i+2j+6k (where O is origin)

PQ = (1-3p-3) | + (u-1-2) ) + (5 +2-6) K
=(2-3p) | +(-3) | + (54 k

- PQ s parallel to the plane x —4y + 3z =1

£ —2-3—4p + 12+ 154 — 12 =0
PQ

_—
i-4]+3k
Zi:ﬁ:lz””z“
1
= 8“ =2 > M= 4
8. Sol. Direction ratio's of normal to plane containing the straight line
ij ok
3 4 2
42 3| g1 1 10k
x-0 y-0 z-0
2 3 4
. 8 -1 10| _ _ _
Required plane =0 >-26x+52y-262=0 = x—-2y+z=0
9. Sol. aix+by+ciz=1

axx +by+cz=0
asx +bsy +csz=0
No three planes can meet at two distinct points. So number of matrices is 0

r42a

10. Sol. D= 3 -5
a+5=15 (-~ a>0)
= a=10

L 4
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Vector

= planeisx+2y—-2z-10=0
Let foot of perpendicular is (a, B, Y)
a-1 B+2 y-1 (1—4—2—10]
1 = 2 = -2 =_ 9

11. Ans. (C) L
Sol. Let v=7*atub
o v (k) L (), ek

1
W -
Now v. C - \/§

A+p)-(—p)-(A+p) 1
. B _
= p—)- =1
p="* o+

S V=@ 1)i-l r@+1) K

For A=1, v = 3I-]+3k

L 4

w|m
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12.

13.

14.

Sol.

15.

L 4

Ans. (C)
Let 4 _ 2i+3j+4k
B W
axc = cxb
W o A W
o (a+b)xc _
A o A
o (a+b)|lc
woon [
Let (@+b) _c
W o 1A
= la+b] :|)\||C|
> A==%1
é+b_+(2|+3j+4k)
Now (a+b)( 7|+2]+3k) —+(—14+6 +12)

=+4

Sol. Ans. (A)

Equation of required plane
(X+2y+3z-2)+Ax—-y+z-3)=0

= A+Ax+2-ANy+@B+Nz-(2+3N) =0

distance from point (3, 1, — 1)

3+3A+2-A-3-A-2-3A 2
JA2 2 +2-22 + B+ | _ /3
-2\ 2
N VA +4n+14 | _ 3
= 3N2=3\+4A+ 14
_7
= A= 2
equation of required plane
5x—-11y+z-17=0
Xl
©) oy o
PR = PQ+PS = SQ=PQ-PS _ -
)
PQ:PRerSCl
BUUN O 1 WO O I
HPQ PS PTH —’ [PR+SQ PR-SQ, PTH
V = = :4
13 1 -2
1‘ W O 7t 3 A
21TPR, sQ, T|
oallPrsarT]| 2,

1
2 (-3-7-10)=10

Sol. (D)
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X+2 y+1 z
Any pointonline 2 = -1 = 3 =)
Let any two points on this line are
A-2,-1,0),B(0,-2,3) Put A=0,1)

Let foot of perpendicular from A( - 2, — 1, 0) on plane is (a, (3, y)
o+ 2 B+1 p-0

= 1 = 1 = 1 = U (say)
Also, a+B+y=3

= H=2+u—-1+p=3=>u=2

> M(0, 1, 2)

Eﬁﬂ]
333

Similarly foot of perpendicular from B(0, — 2, 3) on plane is N [
x-0 y-1 z-2

2 -7 5
So, equationof MNis 3 = 3 = 3
16. Ans. (C)
Sol. Line is
x-0 y-0 z-0
T =1 =1 =a .. (1)

Q(a, a,1)

Direction ratio of PQ are
A-a,A-a,A-1

Since PQ is perpendicular to (1)

: A-a+A-a+0=0
A=a
Direction ratio of PQ are
0,0,A-1

Another line is

x-0 y-0 z+1

1 =1 =0= 2

R(-B.B.-1)
Direction ratio of PR are
A+B,A-B,A+1

Since PQ is perpendicular to (ii)

- -A-B+A-B=0
B=0
R(0,0,-1)

and Direction ratio of PQ are A, A, A + 1

Since PQ L PR

. 0+0+A-1=0=>A=+1=8B,C

For A = 1 the point is on the line so it will be rejected.
= A=-1.

17. Ans. (C)

L 4
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Q (3,1,7)
X—-y+z=3
P (-1,5,3)
Sol.
x-3 y-1 z-7 —2(6):_4
1 = -1 =1 = 3
x==1,y=52=3 P(1,5,3)
ax+1)+b(y-5+c(z-3)=0
a+2b+c=0 ... ®
a-5b-3c=0
a b ¢
-1=4 = -7
—(x+1)+4(y-5-7(z-3)=0
—X+4y—-7z=0
X—4y+7z=0
18. (ciumcenter)
Ans. (B)
Sol.
P(p)
i
Q@) R(T)
W W AW W W NI A AN
P9 . rs TP ,4s _qr ps
wWolon woowoow MR O
L P(a-7) _s(a-r) _y L PS QR

Similarly PQ.SR =g
= S is orthocentre of the triangle

19. Ans. (D) Vector
Sol. Let plane be
ax—1)+b(y-1)+c(z-1)=0

L 4
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w N =
-_

Now, direction ratio of its normal =
So, -14(x—-1)-2(y—-1)-15(z-1)=0
14x + 2y + 152 =31

= i(c14)- 2 + K (15)

L 4

L 4
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