VECTOR AND 3-DIMENSIONAL

| SOLVED EXAMPLES '

Ex.1

Sol.

Ex.2

Sol.

Find the distance of the point B(Ai + 23 + 31A<) from the line which is passing through

. R N L A A n
A(41 +2j+2k) and which is parallel to the vector C =21 +3j+6k.

AB=32+12 =410 B(1,2,3)

wr | . A A ~
AM = ABJ} = (-3} + k) @1 3)+6K)

=—6+6=0
BM?=AB’-AM’
So, BM=AB= .10

Adi+2j+2k) M ?

Find the direction cosines ®, m, n of a line which are connected by the relations
® +tm+n=0,2mn+2m® —n® =0

Given, ®+ m+n=0 (i)

2mn+2m®-n® =0 (ii)

From(1),n=—(®+m).
Putting n=—-(® +m) inequation (ii), we get,
-2m(® +m)+2m® +(® +m)® =0

or, —2me® -2m’+2me® +@&+me =0
or, ®+me® —2m’=0
y (I—JZJ{I—j 2=0 dividing by m?
or, m o e [dividing by m?]
I —-1+x+1+8 -1%3
or —= = =1,-2
m 2 2

1
Case I. when E =1 :Inthiscasem=@®

From(1),2@® +n=0 = n=-2@
® m:n=1:1:-2
Direction ratios of the lineare 1,1, -2

Direction cosines are
1 1 )
+ L+ L+
JE+P+(=27 " Pers2y T P2

1 1 2
0 —_——

1 1 2
= N © T r——p/, s T
6 6 Vo © o' e

B
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1
Case IL. When ; =—2 :Inthis case ® =—2m

From(i), —-2m+m+n=0 = n=m
®:.m:n=-2m:m:m
=-2:1:1
Direction ratios of the line are — 2, 1, 1.

Direction cosines are

. -2 . 1 . 1
JEP+P 42T 2P+ J2P + P 4P

-2 1 1 2 -1 -l

R AR A A A2

1 1
Ex.3 If {l,b,é a re three non zero vectors such that gx]l:) = (r: and i,xé = g , prove that grl b (r: are mutually at right

s Y

angles and | E\:l and | lc| S é1| .

Sol. gxf):{;andg:};xg

= (L& ClbandalbhLé

= Sibbleandslh

= erl, f,,é are mutually perpendicular vectors.

Again, gxi,:(r: and i,xgzg

= |&xb|=|&] and |bxé|=|&]

N |£||l£|sin§=|g| and |l§\|£|sin§=|£| (@ LbandbLE)
r ! r !t T LT r

= lallb=lc]| and |b||c|=|a|l = b |cl=|c|

= b [P=1 = Wb 1

putting in |£||ll)|=|£‘|

= lal= e

Ex.4 D isthe mid point of the side BC of a AABC, show that AB>+ AC?=2 (AD?+ BD?)
uuu uu uu
Sol. We have AB = AD + DB A
uuu uuu
= AB?= (AD+ DB)’

= AB?=AD?>+DB?+ 2AD .DB ... (i)
uuu uu uuu
Also we have AC = AD + DC
uu uuu
= AC2= (AD+DC)*

uiu uuu
= AC2=AD>+DC>*+ 2AD . DC e, (ii)
uu wu uu
Adding (i) and (ii), we get AB>+AC?=2AD?+2BD?+2AD . (DB+DC)

uwiu uuu
= AB?*+AC?*=2(AD*+BD? > DB + DC = 8
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VECTOR AND 3-DIMENSIONAL

r » r » r - r
Ex.5  Forany vector §, prove that |axi> + |ax ][> + |axk[ =2 |af

Sol.

Ex. 6

Sol.

Let g = ali+azi+a312 . Then
Axi = (ai+a,j+ak) x i =a, (ixi)+a,(jxi) +a, (kxi) =-a,k+a,j

r s
= Jaxif -at+a)
r = 2 A n A n 2
axj = (ai+a,j+ak) X j=ak-a,
Lonn 2
= laxj" =a’ *a,
~ A A 1 A A
axk = (ai+a,j+ak)x k=—a j+a,i
Tr A
= laxk |’ =a’+a)?
r72+r’\-2+r1’;2: 2493492492492+ 492
laxi| lax ]l laxk[" =a, +a’+a +ta“+a“+a,
r
=2(a’+aj’+a?)=2|al

If a variable plane cuts the coordinate axes in A, B and C and is at a constant distance p from the origin, find the
locus of the centroid of the tetrahedron OABC.

Let  A=(a 0,0,B=(0,b,0) and C=(0,0,c)

. . X Y z
Equat fplane ABCis —+ = +—=I
quation of plane sty T

Now p = length of perpendicular from O to plane (i)

1
= or p- = 2 7 2
et &) )
S+ 5+ = +|=) +(=
a? b ¢l a b c

Let G(a, B, v) be the centroid of the tetrahedron OABC, then

_a , Mb Y _a+0+0+0 _a
a-tpByot  [pa-2r0r0xe_s]

or, a=40,b=403,c=4y

Putting these values of a, b, ¢ in equation (ii), we get

16 1 1 1 16
o O —_— =2
p T B° 1 or & B Pl
2ttt
a By
locus of (a, B, y) is X2+y?t+z2=167p>
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Ex.7  Find the angle between the linesx —3y—-4=0,4y—-z+5=0andx+3y—-11=0,2y-z+6=0.

. . x—-3y-4=0
Sol. Given linesare ~ °~ @
4y-z+5=0
x+3y-11=0
and 7 s L ?2)
2y-z+6=0
Let ® ,m,n and ® , m,, n, be the direction cosines of lines (1) and (2) respectively
> line (1) is perpendicular to the normals of each of the planes
x—-3y—4=0 and 4y-z+5=0
® -3m +0n=0 .. A3)
and 0® +4m -—n=0 . )

1
Solving equations (3) and (4), we get 3 = =

or, —Z—Zﬁ:k(lct).
3 1 4
Since line (2) is perpendicular to the normals of each of the planes
x+3y—-11=0and2y-z+6=0,

®+3m=0 N 5)
and 2m,-n,=0 (6)

.2:_3mz

12
or, _—3 =m,

n, g

and n2:2m2 or, T—mz.

LW

371 2 tden

If 6 be the angle between lines (1) and (2), then cos0=® ® +mm, +nn,
= (3k) (- 3t) + (k) (t) + (4k) (2t) =— 9kt + kt + 8kt=10
0=90°.

Ex.8 If two pairs of opposite edges of a tetrahedron are mutually perpendicular, show that the third
pair will also be mutually perpendicular.
Sol. Let OABC be the tetrahedron, where O is the origin and co-ordinates of A, B, C are

(X555 2)» (X, ¥,, 2,), (X5, Y5, X,) Tespectively.
A (X, Y1, 2)

0 (0,0, 0)

B C
(X27 Yo, ZZ) (X3’ Y3, 23)
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VECTOR AND 3-DIMENSIONAL

Let OA LBC and OB LCA.
We have to prove that OC L BA .
Now, direction ratios of OAare x, - 0,y, -0,z -0 or, x,y,z

direction ratios of BC are (x, —x,), (v, ~V,), (z,~ Z,).

> OA L BC.
X,(x,-x)+y(y,~y) *tz,(z,-z)=0 . 1)
Similarly,

> OB L CA
(%, -x)+y(y,~y) +z,(2,~z)=0 . 2)

Adding equations (1) and (2), we get
X}(Xl - Xz) + y3(y1 - Y2) + Z3(Zl - Zz) =0
OC L BA (-direction ratios of OC are x,, y,, z, and that of BA are (x, —x,), (y,~ V,), (z, - 2,))

r, r,gxarlr, r or, * ror 1
Ex.9 If a'=—#,b'=—+1,c'= 5+ thenshownthat; axa'+bxb+cxc'=0

Sol. Here axa'= —1fr—
[abc]

ror (Ge)b—(Gb)
axa'="—pFr——

[abc]
ror RNy S
Similarlybxb‘z(b'a)c (b.cl & (r:xgvz(cr:.b)a c.a)
[abc] [abc]

L rr! rtlr tfrr o lrr L rt L
axa'+tbxb+cxc'= @) ‘(a'b)”(ba)‘;?ﬁb'c)a+éb)a_(‘r"a)b Ra.b=b.a etc]
[abc]

=0.

Ex.10 Let a = ai + 23 - 31A<, ll) =1+ 2(1} — 2k and = 2i — ocj + k. Find the value(s) of a, if any, such that

which vanishes if (i) (Erllro) C = (lr)g) & (ii) [arl b é} =0
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Ex.11

Sol.

Ex.12

Sol.

Ex.13

. r Iy o Iry o1 .
>i) (a.b) c = (b.C) a leads to the equation 2 & + 10 o + 12 =0, o> + 6. = 0 and 6a. — 6 = 0,
which do not have a common solution.

i)  [hb & =0

a 2 3
_ 2
N b2a =2 = 3a=2 =  a=Z%
2 —a 1 3

r r r ! . rt i .
If xxa+kx=b, where k is a scalar and a,b are any two vectors, then determine ; in terms

>

T 1
of a,b and k.

LS S ()

Premultiply the given equation vectorially by g
éx()l(xé) +k (élx;() = gxll)

> GRG0 E+kEx)=Exb (ii)
Premultiply (i) scalarly by é
XA+ kG.%) =5.b
k(. X)=8.b ......Gii)

Substituting %Xé from (i) and a.x from (iii) in (ii) we get

1
X =

r T
rrr a.b)r
az+k2 kb+(a><b)+%a}

Forces of magnitudes 5, 4, 3 units act on a particle in the directions 21 _2] +k L1+ 23’ +2k and -2} +3 —2k
respectively, and the particle gets displaced from the point A whose position vector is 61 + 2} +3k, to the point
B whose position vector is 91 + 7]' +5k . Find the work done.

1

If the forces are 11:

172 1

1 T " N ~ T N ~ ~ I 3 oo T
,F, then F =§(2i—2j+k); F, =§(i+2j+zk) and F; =§(—21+J—2k) and hence the
r AT O T . .
sumforceF=F1+Fz+F325(81+J+7k)
Displacement vector AB = OB — OA = 91 +7)+ 5k — 61 +2)+3k)=31+5]+2k
1 ey ° ~ ~ ~ 1 43 .
Workdone:5(81+]+7k).(31+5]+2k):§(24+5+14):Tun1ts.

Show that the points A, B, C with position vectors 2i—j+k , i—3j—5k and 3i—4j—4k respectively are the

vertices of a right angled triangle. Also find the remaining angles of the triangle.

+91-9350679141
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Sol. We have,

AB = Position vector of B — Position vector of A
= (i-3j-5k) - (2i—j+k) = -i-2j-6k
U
BC = Position vector of C — Position vector of B
= (3i-4j—4k) - (1-3j-5k) = 2i—j+k
and, (uILZ = Position vector of A — Position vector of C

— (2i—j+k) — (3i—4j—4k) = —i+3j+5k

u gt pate S A% 0 T ok 2 5
Since AB + BC + CA = (-1=2j=6k) + (2i—j+k) + (-i+3j+5k) = 0
So A, B and C are the vertices of a triangle.

um wu AoAoA PN ~
Now, BC .CA = (2i—-j+k) . (-i+3j+5k) =—2-3+5=0

uuu uuu
= BC 1L CA = /BCA =

o3

Hence ABC is a right angled triangle.

. . uu uuu
Since A is the angle between the vectors AB and AC . Therefore

cos A = AB.AC _ (-1—2j—-6k).(i—-3j—5k)
[ABIIACT (-1 + (-2 +(-6)" Y1+ (-3)" + (=5’

- 146430 35 [35
V1444363149425 4135 41

35
Ad=cos™ 4[==
[0} 41

BA.BC (+25+6k). 2i=j+k)
—Hag—ud— =
IBA||BC| V12422 +6°2% +(=1)* + (1)’

cosB=

N go2-2+6 _ [6 N Bz cost |8
COS = 7 = T il = COS -
Jaide V41 41

1 1
Ex.14 If 5 b E are three mutually perpendicular vectors of equal magnitude, prove that a+b+c is

2 b

Ny . I 1
equally inclined with vectors a, b and ¢ .

1 1 1 . rtlr
Sol. Let|a|=|b| =|c| =A(say). Since a,b,c are mutually
: r ! I'r L1 .
perpendicular vectors, therefore a.b =b.c=c.a=0 ... (i)
r 2
Now, ‘2rl+b+£‘ :é.5+11).11)+lc.1c+2£.ll)+211).£+21C.é1
T 1 T . X
=lal |+ op +]cP [Using (i) ]
1
=3 [* al = b] =lc| =2]
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roLor .
la+b+c|=+Bn (ii)
r ! r ., 1t 1 .
Suppose a+b+c makes angles 0, 0,, 0, with a,b and ¢ respectively. Then,
r or !or rr rlorr
a.(a+b+c) a.at+a.b+a.c
cosO, =T T F T, ="T 1T fF T
I Ja|la+b+c| laj]la+b+c]|
T, L
la| |a| A 1

_ _ s _ _ Ueing (il
lalla+b+c|  |a+b+c| ~Br 3 [Using (ii)]

oo

1 1
Similarly, . =cos! | —= | and 0, =cos™ | —=
o (ﬁ] 3 (ﬁj
0,=6,=0..
1
Hence, g+g+g is equally inclineded with g,b and ¢
Ex.15 Let 4 and v be unit vectors. If w is a vector such that w + (w X u) = v, then prove that

1
|(111 x V). W | < 5 and that the equality holds if and only if v is perpendicular to V.

I I 1 I o
Sol. w+wxw)=v L (i)
1 1 1 1 r r rr
= WXu=V-w = wxuy =v: +w’ —2v.w
rr r r .
= 2vw =1+w —@axwy e (i)

also taking dot product of (i) with v, we get

I 1 1 1.1 I
W.V+(WXu)v=vyv

<t
<t
A
<~
N
Il
—_
——

= vwxw) =Sy a9l . (iii) {ov.

Now: wv.(wxu)=1 7%(1 +w? —@xwy) (using (i) and (iii))
r T
1 2 2
1w ) (- 0<cos0<1)
2 2 2

1
5 (1-w?+w?sin?0) L (iv)

as we know ; 0 <w?cos?0<w?

1 _1-w’cos’0_ 1 —-w?
.. >

2 2 2
l-w’cos’0 1
= ——=<— )
2 2
from (iv) and (v)
1

| V(W xu) <>
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Equality holds only when cos?0 =0 =

e, ulw=uw=0 =
1 1 1 1 1 1 1

= uUw+u.(Wxu)=u.v

= 0+0=uv = uv=0 =

0=

N3

\$V + (éV X {1) :{7
(taking dot withu )

1 1
ulv

Ex.16
Sol.

Ex.17
Sol.

Prove using vectors : If two medians of a triangle are equal, then it is isosceles.
Let ABC be a triangle and let BE and CF be two equal medians. Taking A as the origin, let the position vectors

of B and C be E and ¢ respectively. Then,

1 1
P.V.ofE=— ¢ andP.V.of F= - b
wu 1 .
E = > (c—2b)
Ll«lllil 1
F= 2 (b=2¢) A (origin)
Now, BE=CF = |BE| = |CF|
i 1 r 5 1 r |’
= |IBE[* = |CF[ = ‘E(C_zb) —‘E(b—2c)
1 T 1 1 r2 1 5 1 5
= 7 lc=2b6F =7 [b-2cf =  |c-2bf = |b-2c|
T 1 T 1 1 T T
= (c=2b) . (c—2b) = (b—2¢) . (b—2¢)
—  C..—4b.C+4b.b=b.b-4b.c +4c.C
1 1 1 1
N ICF = 4b.c +4 |bP =|bf — 4b.c + 4|c]
= 3|bP=3[EF = |bP=I&f
= AB=AC

Hence triangle ABC is an isosceles triangle.

Using vectors : Prove that cos (A + B) = cos A cos B —sin A sin B

Let OX and OY be the coordinate axes and let | and ] be unit vectors along OX and OY respectively.
Let ZXOP=A and £XOQ =B. Drawn PL L OX and QM L OX.
Clearly angle between 8? and 66 isA+B

In AOLP, OL = OP cos A and LP = OP sin A. Therefore (L)wt =(OPcosA) i and

YA
uL N
LP = (0P sin A) (<) Ao
uuw uL uuw i i
Now, OL + LP = OP ’ (B | L
wu . X X 0 A - X
= OP =O0OP[(cosA) i —(sinA)j] ... 1) j
In AOMQ, OM = 0Q cos B and MQ = OQ sin B. P
uuuw A uuuw N W,
Therefore, OM =(0QcosB) i, MQ =(0QsinB) j y

2
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Ex. 18

Sol.

Ex.19

Sol.

uuuw uuuw uuu
Now, OM + MQ= 0Q
uuu A A
= 0Q = 0QJ[(cosB)i+(sinB)j]
From (i) and (ii), we get
uw U A . A A . A
OP - OQ =O0P[(cosA) i —(sinA)j].0Q[(cosB) i +(sinB) j]
=O0P. O0Q [cos A cos B —sin A sin B]
UL uu wm wu
But, OP - OQ =|OP| |OQ| cos (A+B)=0P.0Q cos (A +B)
OP.0Qcos (A+B)=0P.0Q [cos A cos B—sinAsin B]

= cos (A+ B)=cos Acos B-sinAsinB

Apoint A(x,, y,) with abscissa x, = 1 and a point B(x,, y,) with ordinate y, = 11 are given in a rectangular cartesian
system of co-ordinates OXY on the part of the curve y = x?>— 2x + 3 which lies in the first quadrant. Find the scalar

product of LOMLK and OB.

Since (x,, y,) and (X,, y,) lies ony =x2—-2x +3.

y,= X —-2x,+3
y,=12-2(1)+3 (as;x,=1)
y; =2

so the co-ordinates of A(1, 2)

Also, y,= x5 —2x,+3

11=x; —2x,+3=>x,=4,x,#-2 (as B lie in Ist quadrant)
co-ordinates of B (4, 11).
Hence, OA=1+2] and OB=4i+11]j

= OA.OB =4+22=26.

Prove that in any triangle ABC

@) c¢?=a’+b?-2abcos C (ii) ¢ = bcosA + acosB.
. uuu uuu uuu
i) In AABC, AB + BC + CA =0 1—COC
uuu uuu uuu .
= BC+CA=SAB ¢ (i)

Squaring both sides
uuu uuu uuu uuu uuu
(BC)*+(CA)*+2(BC). CA =(ABY
U uuu
= a?+b2+2(BC.CA)=¢?
= ¢ =a’+b>+2abcos(n—C)
= c¢?=a’+b?-2ab cosC
U uuu uuum U uuu
(i)  (BC+ CA). AB=-— AB. AB

U Ul uuu Ui
BC . AB+ CA. AB=-¢?
—ac cosB —bccosA=—-¢?

acosB + bcosA =c.
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Ex.20 Through a point P(h, k, ®) a plane is drawn at right angles to OP to meet the coordinate axes in A, B and C.

5

_ : p
If OP = p, show that the area of AABC is 21 hKl|

Sol. OP= +h? +k> +1%> =p

h k 1

Direction cosines of OP are ——————, [
V212 +12 Vb2 +I2 +12 Jh? 4k £ 12

Since OP is normal to the plane, therefore, equation of the plane will be,

h X+ k y+ 1 Z= 'hz +k2+12

V2 +12 T ek R A1

or, hx +ky + @z=h>+k’+ @>=p?

2 2 2
A= (p—,O,Oj,BE [o,p—,oj,cE [o,o,p—)
h k !

Now area of AABC, A? = Aiy-ﬁ- A2yz +A

Now AXy = area of projection of AABC on xy-plane = area of AAOB

2
P o 1
h 4
B 1 2 _ e
=Mod of " | P? 1 72 Ty
s, 0 gl
B 1p4 1p4
lart = el ~2nl
Similarly, ~ A, 2 |kl ghd A8 2 [1h]
. N 3 10
A2:1p+lp+1p:p
4n’2 4KC1E 4R 4hACL2
S
or A-—L
2| hkl|

1
Ex.21 If D, E, F are the mid-points of the sides of a triangle ABC, prove by vector method that area of ADEF = —

(area of AABC)

N

Sol. Taking A as the origin, let the position vectors of B and C be B’ and & respectively. Then the

S 1 po Lp Lp .
position vectors of D, E and F are ) (§+ C), 5¢ and 5 b respectively.

1 T _11)
b+c) = =
(b+8) = 2

uuu

Now, E =

N | —

I
c —

1
2
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1 A (origin)
I v U S AP A o
an DF > 5 ((b+c) 5

1 U (P 018 1
Vector area of ADEF = ) (DExDF) = 3
1 1 1 {1 ur un
== =— s—(ABxAC); =
3 (bxc) 112

1
Hence area of ADEF :Z area of AABC.

Ex.22 P, Q are the mid-points of the non-parallel sides BC and AD of a trapezium ABCD. Show that AAPD = ACQB.
Sol.  Let AB =b and AD = d

. uuu uuu 1
Now DC is parallel to AB = there exists a scalar t such that DC =t AB =t b

uuu 1

i wiu 1
AC = AD + DC =d+tb

1 1
The position vectors of P and Q are 3 (B +E1+ t 113) and — (11 respectively.

2 —»
i i wu D(d) C
Now  2A APD = AP x AD
1 1+ 1 1 1 1 JE Q =
= (b+dtb) x d =5 (1+0) (bxd)
L wu uL r r r L1 1 A(origin) B (b)
Also  2A CQB =CQ x CB = Ed—(d+tb) x [b=(d+tb)]

= [—l(ri—th[—(ri+(l—t)}g] = —l(l—t)((rlxlr))+t(lr)><fl)
L2 .

T L T ULUUL
(A-t+2t)(bxd) = =({+t)(bxd) = 2AAPD Hence Prove.

0
2

N | —

Ex.23 If‘a’isreal constant and A, B, C are variable angles and va> —4 tanA+atanB++/3? +4 tanC=6a
then find the least value of tan? A + tan? B + tan?> C

Sol. The given relation can be re-written as ;

(a? —4i+aj++/a’ +41A()- (tan Al + tan Bj + tan C1A<):6a

= \/(a2 —4)+a’ +@’ +4). tan® A +tan’ B+tan> C . cos 0 = 6a

(as, a.b =a] |b| cos 0)

- V3 a. Jtan® A +tan? B + tan? C cos0 = 6a

= tan?A + tan’B + tan’C = 12 sec260 .. @i
also, 12 sec?0>12 (as,sec?0>1) .. (i)
from (i) and (ii),

tan? A+ tan? B + tan?C > 12

least value of  tan? A+ tan? B + tan?C=12.
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Ex.24

Sol.

Ex.25
Sol.

I I . I . Ir T I I I I I
Let u and v are unit vectors and W is a vector such that (uxv)+u = w and wxu=vVv then

find the value of [{1 {/ . ]

) L1 I
Given (UxV)+u = w and wxu=v
I I I
= (UXV)+U x u=wxu
r r | G G § I I I I
= (uxVv) x u+uxu =V (as wxu=v)
roryr r ' ' . .
= (u.u) v—(v.u) u+uxu=v  (using u . u =1and uxu =0, since unit vector)
rr,r !
= v-(v.u)u=v = (u.v)u=0
I I I
= u.v=0 (asu=0) (i)
Now  u.(Vxw)
. I I I
Zﬁ.({/X((ll.lX{/)+lll)) (given w =(uxv) +u)
= U. (vx(UxV)+vxl) = u.(V.V)u—(V.U) v+ Vxu)
r .
=u.(|vu-0+vxu) (as 0.V =0 from (i)

ro, oo Lo
IV (U.u) —u. (vxu)

=0)
1)

r T
=|vP |uf -0 (as [u v U]
=1 (as |u] = |v

=L

vw]=1

In any triangle, show that the perpendicular bisectors of the sides are concurrent.
Let ABC be the triangle and D, E and F are respectively middle points of sides BC, CA and AB. Let the
perpendicular bisectors of BC and CA meet at O. Join OF. We are required to prove that OF is L to AB. Let

.. k . IO 1 X
the position vectors of A, B, C with O as origin of reference be a, b and ¢ respectively.

OD ! g Y\ OF | L gt 1 L A
ODZE( +c),OE:§(c+a)andOF:§(a+b)
uuw L 1 uuu 1 1 uuw 1 1
Also BC=c¢c-b,CA=a-cand AB=b-a F E
Since OD L BC )ﬂ
1 1 1 1 1 ‘
>  Z(b+¢).(c-b)=0 B D c
= bigiCh W MY 0 >i)
Similarly OE L CA
I 1 1 Ly
= E(C +a).(a—c)=0
= al=c== (i)
from (i) and (ii) we have a> - b*>=0
1 1 1 1 1 1 1 1 1 uL uuu
= (a+b).(b-a)=0 = E(b+a).(b7a):0 = OF_LAB

+91-9350679141
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Ex.26 Find the locus of a point, the sum of squares of whose distances from the planes :
x-z=0,x-2y+tz=0andx+y+z=01is 36

Sol. Given planes are x—z=0,x—-2y+z=0and,x +y+z=0

Let the point whose locus is required be P(a,f3,y). According to question

lo=vy]* | a=-2B+y]” [oa+B+y’
+ + =

36
2 6 3
or (oY 2ay)yto? +H4p% +92 — 4o — 4By + 20y +2(o + B2 +y2 + 20 +2By+20ty) =36 X 6
or 60%+6B2+ 6y2=36 x 6
or o+ B2+y =36

Hence, the required equation of locus is x* + y* + z?= 36

Ex.27 A, B, C, D are four points in space. using vector methods, prove that
AC?+ BD? + AD?*+ BC?> AB? + CD? what is the implication of the sign of equality.
.. 1 P .
Sol. Let the position vector of A, B, C, D be Q,b,E and d respectively then
r T r r iy Iy T T
AC*+BD? +AD* + BC?= (¢-4) . (€-4) + (d=b) . (d=b) + (d-a) . (d-a) + (¢=b) . (c—b)
T 1 1
— [P +1af —24.6 +|df +|bF —2d.b + |df +12F —24.d + [c[ + |bP - 2b.¢
rn L r 2 ro Lo T —p2 o I L
=|al" +|b]" =2a.b +|c[ +[|d]" —2c.d + |a| +|b[ +|c| +|d]
1 1 1
+2a.b+26.d 2h.6 —2b.d - 2a.d - 2b.¢

T T

= (5-5) . (A-) + (E-a) . (E-d) + (+b-E-a)

T

T T T
=AB2+CD?+ (£+b_£_d) . (erl+b—£—d) >AB?+ CD?
= AC?+BD?+AD?*+BC?> AB*+CD?

1 1
for the sign of equality to hold, a+b-c—d =0
T T 1 1
a—c=d-b
uuu uu
= AC and BD are collinear, the four points A, B, C, D are collinear

Ex.28 Prove that the right bisectors of the sides of a triangle are concurrent.
Sol. Let the right bisectors of sides BC and CA meet at O and taking O as origin, let the position vectors of A, B and C

rtr ; . .
be taken as a, b, ¢ respectively. Hence the mid-points D, E, F are

1 1
b+¢ c+a a+b
. %
A (a)

um uar B L r

> OD L BC, ¢ E-b)=0 )
F
ie. b’ =c
wr o L. r -

Again since OE 1 CA, cra _(arl - £) =0 B(b D C(e)
or at=c> . a?=b’=c¢> @)
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Ex. 29

Sol.

1

T
+b I r

Now we have to prove that (L;LI:“ is also 1 to X“ﬁ which will be true if aT.(b—a)zo

ie.b’=a’

which is true by (i)

If P be any point on the plane ®x + my + nz = p and Q be a point on the line OP such that

OP . OQ = p?, show that the locus of the point Q is p(®x + my + nz) = x>+ y>+ 7%

Let

P = ((X, B’ Y), Q = (Xl’ y]’ Zl)

Direction ratios of OP are a, 3, v and direction ratios of OQ are X, y,, Z,.

Since O, Q, P are collinear, we have

(1_

X, - y, - z, =k(say) L. 1)

AsP (a, B, y) lies on the plane ®x + my +nz =p,
®o +mp +ny=p or k(®x, +my +nz)=p ... 2)
Given OP . OQ = p?

JoZ+BP 4y X4yl ezl =p

or, \/kz(xf +yI+70) \/xf +yl+z, =p?
or, k(xP+y +z)=p* . 3)

O dividing (2) by (3 o 1% T, W
n dividing (2) by (3), we ge X +y +z2 P
or, p(®x, T my, +nz)= X/ +y; +7
Hence the locus of point Q is p (®x + my +nz) =x*+y*+z°.

Ui - N ~ uur R R L R R ~
Ex.30 A, B, Cand D are four points such that AB =m2i-6j+2k), BC =(i—2j) and CD =n(-61+15j-3k).

Sol.

uu

uuu
Find the conditions on the scalars m and n so that CD intersects AB at some point E. Also find the area of the

triangle BCE.

U N A~ Al A A
AB =mQi-6j+2k), BC = (i-2))

UL ~ ~ A
CD =n(-61+15j-3k)
If AB and CD intersect at E, then ]LELE =pAB, CE=qCD

where both p and q are positive quantities less than 1

uu uuae uuu

uua U uu

Now we know that EB + BC + CE = EE = 0

or

uu v uu

pAB+BC +qCD =0 {by ()}

pm(2i -6 +2k)+(1-27)+qn(-61+15j-3k)=0

Since 1 s 3 R k are non-coplanar, the above relation implies that ifxi+ y} +zk = 0,thenx=0,y=0andz=0

2mp+1-6qn=0, —-6pm—-2+15qn=0
2pm—3qn=0

2
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Solving these for pm and gn, we get

_1 1 : IR
p1r1—2,qn—3 S p—zm,q 3n
0<1—S1,0SLS1 or le,nZl
2m 3n 2 3
1| wr ouar, i k
wm um
AgainareaofABCE:l‘EchB‘:E‘—qCDprB :qunm -6 15 3
2 -6 2
P m—l_ n—l_
ut p 29(1 3
111 TS 1 1
—— —. | 12i+6)—6k| =—.63/6 =—/6
22 3| ! | 12 2
Ex.31 211, ‘E), are three non-coplanar unit vectors such that angle between any two is a. If

o -

1
c
1 1 1
X b+bXx ¢ —0a +mb +ne , then determine ®, m, n in terms of a.
Sol. a’=b*=c’=1,[abc] #0

[N

1 1 L 1 11 i
a.b=b.c=c.a=cosd¢ e (i)

Multiply both sides of given relation scalarly by a . ll) and ¢ , we get

0+[Ibb]=@®1+m+n)cosc T ... (i)
0=m+(n+®cosa. . (iii)
[zrlllz)f:]+0:(.+m)cosoc+n ......... (iv)

Adding, we get

2[?113?:]:(.+m+n)+2(0+m+n)cosoc

or 2[£{)£]:(.+m+n)(l+2cosa) ......... )

From (ii), (m+n) = 2

I'yr
T _
Putting in (v), we get 2[arlbcr:]= {1 +m}(l +2cos oc)

cos o
r 1
or [gbg]{z—m}—l(l— j(l+2cosoc)
cosa cos o
rir
[abe] =n {as above}

i (1 +2cosaxl —cosot)_

1
-2 [arl b <r:]cos o

(I +2cosa)l —cosa)

and m=—(n+ ®)cosa=

1¢ Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
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rr
Thus the values of ® m, ndependon[abc ]
rir..
Hence we now find the value of scalar [ abc ] in terms of a.
1 cosa cosa

=lcosa 1 cosal (Apply C,+C,+C))
cosa cosa 1

Now[artb(r: =

on o
SIS ST S
on oo
[oalaNoalieNoal!
o oRen
oH o1 on

1 cosa cosa

=(1+2cosa)|l 1 cosa (Apply R,— R, andR,—R))
ppy 2 1 3 1
1 cosa 1

[zrlllacr: TP=(1+2 cosa)(1 — cosa)’

T

r
szﬂ +2cosa

1 —cosa

Putting in the value of ®, m, n we have | = EERY nm = —2cosa

N1 +2cosa) , Jd +2cosa)

Ex.32 Find the image of the point P (3, 5, 7) in the plane 2x + y +z=0.

Sol. Givenplaneis2x+y+z=0 (1)
P=(3,5,7)
Direction ratios of normal to plane (1) are 2, 1, 1
Let Q be the image of point P in plane (1). Let PQ meet plane (1) in R
then PQ | plane (1)
Let R=Q2r+3,r+5,r+7)
Since R lies on plane (1)
2Q2r+3)+r+5+r+7=0
of, 6r+18=0 SHor=-3
R=(-3,2,4)
Let  Q=(aB.y)
Since R is the middle point of PQ
=355 L = a=-9
2
2= % = pB=-1
42% = y=1 Q=(-9,-1,1).

Ex.33  Vectors %{, if and z each of magnitude V2 , make angles of 60° with each other. If X x (i/ X lz) =a , §/>< é x )rg) = B

. J N L. r¢ 1
and xxy=c,thenfind X, y and z intermsof a, b and c .
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Sol. >r<.§:\/5\/fcos60°:1:§/.£:£.>r; ...... 1)
Alsox’=y’'=7"=2
Again a = (Xz)y-Xy)Z=y-z {by (i)}
a=y-zb=z-x (ii)
Now éxé=(§—lz)x(§(x§):§1><(§(><§/)—Iz><(§(><§/)
I I I J N I I I .
=[x - 6 W] - [@. yx - @ XY= Cx-y)-&-y)  {by()}
1 I I
or axc=Xx
Similarly, 11)>< {;:g
Now z=Y-a or Z=b+Xk {by (ii)}
£=(bxcr:—£) or 11)+(£><£)

Ex.34 The plane x — y — z =4 is rotated through 90° about its line of intersection with the plane
x +y+ 2z =4. Find its equation in the new position.

Sol. Given planes are x—-y-z=4 . 1)

and x+y+2z=4 . 2)

Since the required plane passes through the line of intersection of planes (1) and (2)
its equation may be taken as
Xx+y+t2z-4+k(x-y-z-4)=0

or (1+kx+(1-k)y+2-kz-4-4k=0 ... A3)

Since planes (1) and (3) are mutually perpendicular,
1+k)-(1-k)-(2-k)=0

or, l1+k-1+k-2+k=0 or kzg

2
Putting k = 3 in equation (3), we get 5x +y+4z=20

Ex.35 If the planes x — cy — bz =0, cx — y + az = 0 and bx + ay — z = 0 pass through a straight line,

then find the value of a? + b2 + ¢? + 2abc.

Sol. Given planes are x—cy—-bz=0 ... 1)
cx-y+az=0 . 2)
bx+ay-z=0 .. A3)

Equation of any plane passing through the line of intersection of planes (1) and (2) may be

takenas x—cy—bz+A(cx—y+az)=0
or, x(I+Aic)-y(c+tA)+z(-b+al)=0 .. “4)

If planes (3) and (4) are the same, then equations (3) and (4) will be identical.
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Ex. 36

Sol.

Ex.37

Sol.

l+ch  —(c+A) -b+akr

b a -1
(i) (i) (iii)
From (i) and (ii), a+ acA =—bc —bA
(a+bc)
or, =— —(ac S )

From (ii) and (iii),

—(ab+c¢)

ctA=—ab+a’X or A= 3
I-a

—(a+bc) —(ab+c)
ac+b  (1-a’)

From (5) and (6), we have

or, a—a’+ bc—a’bc=a’bc+ac’+ab>+be
or, a’bc+ac’+ab’>+a’l+abc—a=0
or, a?+b>+c?+2abc=1.

This is the equation of the required plane.

Find direction ratios of normal to the plane which passes through the point (1, 0, 0) and (0, 1, 0) which makes
angle /4 with x +y=3.

. . Xy z
The plane by intercept form is T + T + " =1

d.r.’s of normal are 1, 1, Z and of given plane are 1, 1, 0.

1.1+1.1+0~l
T ©
COS— =
\/1+1+12\/1+1+0
C
= ! 2 = 2 ! 4 = c !
S e -
2 2
2L, - 2
C

dr’sarel, 1, \/5

Find the equation of the plane passing through (1, 2, 0) which contains the line

x+3 Bl  7ag2
3 4 =2

Equation of any plane passing through (1, 2, 0) may be taken as
ax-1)+b(y-2)+c¢c(z-0)=0 . @)
where a, b, ¢ are the direction ratios of the normal to the plane. Given line is
x+3 y-1 z-2
3 4 -2
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If plane (1) contains the given line, then
3a+4b—2¢=0 (iii)
Also point (— 3, 1, 2) on line (2) lies in plane (1)
a(-3-1)+b(1-2)+c(2-0)=0

or, —-4a-b+2¢c=0 (iv)
Solving equations (iii) and (iv), we get a b ¢
% u iii iv), wi = =
ged 8 %2 86 -3+16
a_b_c s ,
or, 6 2 13" (say). e (V)

Substituting the values of a, b and ¢ in equation (1), we get
6(x—1)+2(y—-2)+13(z-0)=0.
or, 6x +2y+ 13z—10=0. This is the required equation.

Ex.38 If§(><§/:él, §1><£=11), ;r(,f,:y, §.§:1and i/.lZ:l,thenﬁndi,ilandlzintermsoferl,b and .

Sol.  XXy=a @)
yxg=b A U & ... (ii)
Alsox.b=yv,x.y=1Ly.z=1 . (iif)
We have to make use of the relations given above.

From (i)
1 1 1
X.&Xxy)=x.a
X.a=0 > xxy]=0
Similarly 3. 5=0,%.b=0,%.b=0 ... (iv)

Multiplying (i) vectorially by b ,

bx xx y)=bxa o b.Yx-0b.Xy=bxa
(i xb)
1 T ax
or 0 —y§1 = _(grl x b) y= T ........ v)
by using relations is (iii) and (iv).
Again multiplying (i) vectorially by if ,
kxy)xy=axy or Gy - (- yx=axy
i I NG ror
y-axy=|y’x {by (iii)}
r Il r rr
X =-T5ly—axy]
|yl
r 1
where gz Fax b {by (v)}
Y
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Ex.39

Sol.

Ex.40

Sol.

. . r ¢
Hence x is known in terms of a, b and y.

Again multiplying (ii) vectorially by if , we get

1 I I
GxDxy=bxy o |Yr-§.Hy=bxy or [y>z=bxy+y {by(ii}
I I rr
or z=-—T15[bxy+y]
|yl
where i/ isgivenby(v) . (vi)

Results (v) and (vi) give the values of §(,§/ and 7 in terms of £, b andy.

Find the equation of the sphere if it touches the plane %.(2?—23—1;): 0 and the position

vector of its centre is 3i+6]—4k

Given plane is {‘(21 - 23' - lA<) =0 .. 1)
Let H be the centre of the sphere, then BlIu-I = 3f+6j—41; - c (say)
Radius of the sphere = length of perpendicular from H to plane (1)

7|£(2f—23—ﬁ)|47|6f+6j—4ﬁ)(2f—23—ﬁ)|47|6—12+4|_2

12-2) k| 2i-2)—k| 3 3 26

Equation of the required sphere is |r—c| = a

o Ixijerk-Gieej-dk) =3
— N> —4 4
or |(x=3) i +(y=06)] +(Z+4)k|2:§
4
or (X73)2+(y76)2+(z+4)2:§
or 9(x2+y*+72—6x—12y+8z+61)=4
or 9x2+9y?+ 972 — 54x — 108y + 72z + 545=0

Find the equation of the sphere passing through the points (3, 0, 0), (0, — 1, 0), (0, 0, — 2) and
whose centre lies on the plane 3x + 2y +4z=1
Let the equation of the sphere be
x2+y?+2z*+2ux +2vy + 2wz +d=0 . )
Let A=(3,0,0),B=(0,-1,0),C=(0,0,-2)
Since sphere (i) passes through A, B and C,

9+6u+d=0 (ii)
1-2v+d=0 (iii)
4-dw+d=0 (iv)
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Since centre (— u, — v, — w) of the sphere lies on plane

3x+2y+4z=1
-3u-2v—-4w=1_ L )
(ii) — (iii) = 6u+2v=-8 . (vi)
(iii) — (iv) = -2v+4w=3 . (vii)
—2v-8
From (vi),u= A (viii)
From (vii),4w=3+2v (ix)
. . 2v+8
Putting the values of u, v and w in (v), we get -2v-3-2v=1
= 2v+8—-4v-6—-4v=2 = v=0
0-8 4
From (viii), u= ——=—=
6 3
3
From (ix), 4w =3 Sow=s 1

From (iii),d=2v—-1=0-1=-1

8
From (i), equation of required sphere is x*+ y? + z? —3 X + Sz 1=0

or 6x2+6y*+62°—16x+9z-6=0
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Exercise # 1

1.

10.

P . p
If E + b is along the angle bisector of E & b then -

p_P . =
(A) a & b areperpendicular (B) |a =1|b

p P Y
(C) angle between g & b is 60° D) |a| #|b

U uuw uuua

IfABCDETF is a regular hexagon and if AB +AC +AD + AE + AF by AD then A is -

(A)0 B)1 ©)2 (D)3
If the vector {; is collinear with the vector a= (2\/_ ) ‘tr)‘ 10, then:
r ! r 1 r !
(A)a £ b=0 (B)a £ 2b =0 (C)2a + b=0 (D) none

The plane XOZ divides the join of (1,—1, 5) and (2, 3, 4) in the ratio A.: 1, then A is -
(A)-3 (B)-1/3 ©3 M) 1/3

A

1 ~ \ ~ ~ . . . . 1 1 1 1
Let a =1 + ] and b =21 — k. The point of intersection of the lines r x a = b x a and

><bis:

o' -

I
r><
(A)—1+]+2k B)3i-j+k ©)3i+j-k mi-j-k

wmm . . . wr . -
The vectors AB =31—2j+2k and BC = —i+2k are the adjacent sides of a parallelogram ABCD then the

angle between the diagonals is -

S [ _cos[ [ S [3
(A) cos [\/%J (B) T—cos [ 85} (C) cos™ (2\/_} (D) cos (\/;]

The value of [(Er“r 21r>—£) (Erl—lr))(érl—lr?—g)} is equal to the box product:

A) [g b E] (B)2 [aﬁ b E] (©)3 [g b E] (D)4 [g b E]

Let ABCD be a tetrahedron such that the edges AB, AC and AD are mutually perpendicular. Let the area of triangles
ABC, ACD and ADB be 3, 4 and 5 sq. units respectively. Then the area of the triangle BCD, is -

5 5
(452 ®)5 © 5 ®) 7

1 I 1 I 1 1
If|laj]=35,]a — b|=8and |a + b|=10, then|b|is equal to :
A)1 (B) /57 (©)3 (D) none of these

The values of a, for which the points A, B, C with position vectors 2i-j+k, i-3j-5k and ai-3j+k

respectively are the vertices of a right angled triangle with C = g are -

(A)—2and 1 (B)2and-1 (C)2and 1 (D)—2 and -1
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11.

12.

14.

15.

16.

The co-ordinates of the centre and the radius of the circle x + 2y +2z=15, x>+ y*+ 2> -2y —4z=11 are
(A)(4,3,1),5 (B)(3,4,1), /6 (O)(1,3,4), \7 (D) none of these
Which one of the following statement is INCORRECT ?

(A)Ifn.a =0, ﬁll) =0and n.c =0 for some non zero vector n , then [zr1 ll) g] =0

(B) there exist a vector having direction angles oo =30° and 3 = 45°
(C) locus of point in space for which x = 3 and y = 4 is a line parallel to the z-axis whose distance from the

z-axis is 5

(D) In a regular tetrahedron OABC where 'O’ is the origin, the vector OA + (u)u]% + (u)ua is perpendicular to the
plane ABC.

OABCDE is a regular hexagon of side 2 units in the XY—plane in the [* quadrant . O being the origin and OA taken

along the X—axis. A point P is taken on a line parallel to Z—axis through the centre of the hexagon at a distance of 3

uuw
units from O in the positive Z direction. Then vector AP is:

(A)-F+37+58 B F-37+ 5K ©-F+37+/5F @) F+37+ 5K

rr rI rr
a.a a.b a.c
S ry T T
Ifa=i+j+k b=i-j+k c=1+2j—k.thenthevalueof | b.a b.b b.c|=
rr r! rr
c.a c¢.b c.c
A)2 B)4 ©)16 (D) 64

Let g, E R g be vectors of length 3, 4, 5 respectively. Let 5 be perpendicular tog+ g,{; to E+ 8 and

t:)to g+g.Then ‘g+g+a is equal to :

(A) 245 B) 242 (©) 10~/5 )5+2

Consider the following 5 statements

(1] There exists a plane containing the points (1, 2, 3) and (2, 3, 4) and perpendicular to the vector
V,=1+])-k

an There exist no plane containing the point (1, 0, 0); (0, 1, 0); (0,0, 1)and (1, 1, 1)

(I If a plane with normal vector N is perpendicular to a vector V then N -V =0

av) If two planes are perpendicular then every line in one plane is perpendicular to every line on the other
plane

(\4) Let P, and P, are two perpendicular planes. If a third plane P, is perpendicular to P, then it must be

either parallel or perpendicular or at an angle of 45° to P,.
Choose the correct alternative.
(A) exactly one is false (B) exactly 2 are false (C) exactly 3 are false (D) exactly four are false
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17.

18.

19.

20.

21.

22.

24.

we | ua uu
Taken on side AC ofa triangle ABC, a point M such that AM = =3 C Apoint N is taken on the side CB such that

uuu U uuu
BN = CB, then for the point of intersection X of AB and MN which of the following holds good?

i 1 wm i 1 v uu 3 v uuL uu
(A) XB =3 AB (B) AX =3 AB (CO)XN =2 MN (D)XM =3 XN
r o~ a1 P . . . . T r 11 Lastae Tt N
Leta =1+ j & b =21 - k. The point of intersection of the lines rxa =bxa & rxb=axb is-
A)-i+j+k (B)3i-j+k ©3i+j-k M i-j-k
Consider a tetrahedron with faces f, T, f, f,. Let éll , 52, .5:13, él4 be the vectors whose magnitudes are respectively

equal to the areas of f, f, f,, f, and whose directions are perpendicular to these faces in the outward direction. Then,

WE BBk -8 BB -E b,
(C)51+ 5)22 §3+ 54 (D) none

LetL betheline r, =21+ j—k +A(1+2k)andletL betheline r, =31+ +p(i+j - k).
Let I'T be the plane which contains the line L, and is parallel to L,. The distance of the plane I from the origin is -
(A) 277 (B)1/7 ©) V6 (D) none of these

A plane meets the coordinate axes in A, B, C and (a., B, v) is the centroid of the triangle ABC, then the equation of
the plane is

X y.7_ X,y z_ X | 3z _
Wty @ O™y T ey

- o> o

If a, b, ¢ are non-coplanar vectors and A is a real number then [k(a +b) A*b Ac } [a b+c b} for -

(A) exactly two values of A (B) exactly three values of A
(C) no value of A (D) exactly one value of A

Four coplanar forces are applied at a point O. Each of them is equal to k and the angle between two consecutive

forces equals 45° as shown in the figure. Then the resultant has the magnitude equal to :

45\\
aE
(A)ky2 +22 (B)ky3+242 (O)ky4+22 (D) none

The intercept made by the plane r.n= q on the x-axis is -

q in .
; (B) —~ (©) (.m)q (D) —=-
i.n 1 0

A)

r ! Loy r 1 r ..rtir .
If axb = {, bxc = §, then find value of |[3a+4b+12c¢| if a, b, ¢ are vectors of same magnitude.

A)11 (B) 12 ©13 (D) 14
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26.

27.

28.

29.

30.

w
w

34.

Volume of the tetrahedron whose vertices are represented by the position vectors , A (0, 1,2); B(3,0, 1);
CH4,3,60& D(2,3,2) is-

(A3 (B) 6 (©) 36 (D) none

The equation of the plane passing through the point (1, — 3, —2) and perpendicular to planes
x+2y+2z=5and3x+3y+2z=8,is

(A)2x—4y+3z-8=0 (B)2x—-4y—-3z+8=0

(C)2x+4y+3z+8=0 (D) None of these

If from the point P(f, g, h) perpendiculars PL, PM be drawn to yz and zx planes then the equation to the plane OLM is

pNEr Tz B—+X Z -0
(A) 5 g h (B) g h

X y V4 X y Z
O=_=+=-= D)—-— += 4+ — =
()f g h 0 (D) f g h )

If g R E R g are linearly independent vectors, then which one of the following set of vectors is linearly dependent ?
w) B+b b+8. 848 ) B-b . b-B.8-8 () 8xb.bxB.BxE (D) none

The sine of angle formed by the lateral face ADC and plane of the base ABC of the tetrahedron ABCD where
A=3,-2,1);B=(3,1,5);C=(4,0,3)and D=(1,0,0) is -

) = B) = © 33 ®) =
V29 29 V29 V29
Given the points A(-2,3,-4), B(3,2,5), C(1,-1,2) & D(3,2,—-4) . The projection of the vector A_>B on the vector
C_])) is -
A 2 B —Q C —4—7 D) 47
@)= ® -, ©) = (D)

Given the vertices A (2,3, 1), B (4, 1,-2),C (6, 3,7) & D (-5,—4, 8) of a tetrahedron. The length of the altitude drawn
from the vertex D is -

A7 3)9 oO11 (D) none

) " . x—1 y—2 z—3
Equation of the angle bisector of the angle between the lines | = | = | &
x—1 "SR A

1 s -

x By = x-1 y-2 z-3

A) ) ;2z—-3=0 (B) )
Vi Z — 3

(CO)x—1=0; " (D) None of these

! . . Xy z
The distance of the point (1, —2, 3) from the plane x—y+z= 5 measured parallel to the line, 5 = E = _6 is:
A1l (B)6/7 (©)7/6 (D) None of these
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36.

37.

40.

41.

42.

The line which contains all points (X, y, z) which are of the form (x, y, z) = (2, -2, 5) + A(1, -3, 2) intersects the plane

2x — 3y + 4z = 163 at P and intersects the YZ plane at Q. If the distance PQ is a\/g, where
a,b € Nand a> 3 then (a + b) equals -
(A)23 (B)95 (0)27 (D) none of these

A variable plane passes through a fixed point (1, 2, 3). The locus of the foot of the perpendicular drawn from origin

to this plane is:

(A)x2+y*+22—x—2y—32=0 (B) x> +2y*+322—x—2y—3z=0
(O)x*+4y*+ 922 +x+2y+3=0 D)x*+y*+22+x+2y+32=0

p P v | . . , p P p 1 P pp
Let a, b and ¢ be non-zero vectors such that a and b are non-collinear & satisfies (a x b)x ¢ —§| bl| ¢l a.

V)
If 0 is the angle between the vectors b and ¢ then sin® equals -

2 2 1 242
)3 (B) \E © 3 ®) ==

IJ
A, B, C & D are four points in a plane with position vectors g " E R g & d respectively such that

T Ir

(erl - d) . (b - g) = (lr) - (ri) . (E - Erl) = 0. Then for the triangle ABC, D is its:

(A) incentre (B) circumcentre (C) orthocentre (D) centroid

A plane passes through the point P(4, 0, 0) and Q(0, 0, 4) and is parallel to the y-axis. The distance of the plane from
the origin is -

(A)2 (B)4 ©)\2 (D)22

L' v r @ rr ! ¢ r .1 r
=b+c-a, =c+a+b, r=2a-3b+4c-

e

rir wu r 1oy
Let a, b, ¢ are three non-coplanar vectors such that , =a—b+c,

If T = xl;: + kzrt + M; , then the values of A , A, and A, respectively are

(A)7,1,-4 B)7/2,1,-1/2 (C)5/2,1,12 (D) -1/2,1,7/2

The vertices of a triangle are A (1, 1, 2), B(4, 3, 1) and C(2, 3, 5). A vector representing the internal bisector of the angle
Ais:

(A) i+]+2k (B) 2i-2j+k (©) 2i+2j-k (D) 2i+2j+k

- - -

- - -
A, B, C, D be four points in a space and if,| AB x CD + BC x AD + CA xBD| = A (area of triangle ABC)

then the value of A is -
(A) 4 (B) 2 o)1 (D) none of these

1

1 1 1 1 1 1 1
For a non zero vector A if the equations A .B =A .C and A x B =A x C hold simultaneously, then:

-

(A) A is perpendicular to ]13 - &j (B) A= ]13

©B=C D) C=A
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44.

45.

46.

47.

48.

49.

51.

The distance between the parallel planes given by the equations, . (2Ai - 2]’ + 1A<) + 3 =0 and
T .(41-4)+2k)+5=0is-
(A) 12 (B)1/3 (©)1/4 (D) 1/6
E’ P . 1 1 1 1 1 1 L9
If b and ¢ are two non-collinear vectors such that a || (b x ¢),then (a x b). (a x c)isequal to
T 1 r 1 1
(A)a’ (b.c) (B) b” (a.¢) (€) ¢ (a.b) (D) none of these

Unit vector perpendicular to the plane of the triangle ABC with position vectors g , g , g of the vertices A, B, C, is
(where A is the area of the triangle ABC).

(B + Bx8+ &) (B + BxB+ BxB)
A

2A

(A) (B)

(<8 + BB+ BB

C
© 4A

(D) none of these

If the volume of the parallelopiped whose conterminous edges are represented by —127 + M}, 33 — fq, 27+ 3 ~15k

is 546, then A equals-
A)3 (B)2 (©)-3 (D)2

The reflection of the point (2, —1, 3) in the plane 3x —2y—z=09 s :

(261517 5 (26 15 17 C(l_SE—_Uj D(éﬂ—_wj
W77 ® 77 O\777 777
If the plane 2x — 3y + 6z— 11 = 0 makes an angle sin (k) with x-axis, then k is equal to -
V3 2 V2
(A) > ®B) = © 3 D)1

A line makes angles o, 3, y with the coordinate axes. If oo + $=90°, theny =
(A0 (B) 90° (C) 180° (D) None of these

Given the verticesA (2, 3,1),B(4, 1,-2),C(6, 3,7) & D(-5, -4, 8) of a tetrahedron. The length of the altitude drawn
from the vertex D is:
A7 B)9 O11 (D) none of these

Ifa+5b==¢anda—7b=2¢,then-

(A) a and ¢ are like but ‘E) and ¢ are unlike vectors
(B) a and B are unlike vectors and so also a and ¢
©) ‘E) and ¢ are like but a and B are unlike vectors

1
(D) a and ¢ are unlike vectors and so also b and ¢
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54.

W
W

57.

58.

59.

60.

The straicht I x=1 y-2 z-3 dx—liy—2 ~z-3
e straight lines —— ="—— =——and —— = “o— ="~ are
(A) Parallel lines (B) Intersecting at 60°
(C) Skew lines (D) Intersecting at right angle

A variable plane forms a tetrahedron of constant volume 64K with the coordinate planes and the origin, then locus
of the centroid of the tetrahedron is -

(M)’ +y +2=6K’ (B) xyz=6K’ (O)x*+y + 2 =4K’ (D) x*+y?+z7=4k>

The locus represented by xy + yz=0 is
(A) A pair of perpendicular lines (B) A pair of parallel lines
(C) Apair of parallel planes (D) A pair of perpendicular planes

-

- g - -> . . - .
If a, b, c are three non-coplanar and p, q, r are reciprocal vectors to a, b and ¢ respectively, then

(®a +mg +n 8)(05 + ma +nr )is equal to : (Where ®, m, n are scalars)

(A) @ +m’+n’ (B) ®m-+mn+n® (©)0 (D) none of these
Leta = xf+123—12, ll): 2f+2xj+f< and ¢ =i+k . If the ordered set [E g arl]is left handed, then :
(A)x e (2,) (B)x € (—,-3) ©)xe(=3,2) D)yxe {-3,2}

The expression in the vector form for the point 1r1 of intersection of the plane r-n =dand the perpendicular line

1 1 1 . .
r =1, +tn where tis a parameter given by -

r r r r
L L d-r,n), L L Ly
A5 =f+|(~|n B) 5 =15 (T |n
r o ror
(C)‘rl—%o(—x—“_jﬁ (D)h—‘rﬁ[—n—‘) jﬁ
In| In|
I 1 T F 1 L1 L 1 1 h L.
If 3 non zero vectors a,b,c are such that axb = 2(axc),|a| =|c| =1; |b| =4 the angle between b and ¢ is
1 1 1 1 .
cos*lz then b = Ic+pa where | ® |+|p|is -
(A)6 (B)5 ©)4 D)0

If X & i’ are two non collinear vectors and a, b, ¢ represent the sides of a AABC satisfying
(a—b)§;+(b—c)§l+(c—a)(§;><§/)=0 then AABC is -

(A) an acute angle triangle (B) an obtuse angle triangle

(C) aright angle triangle (D) a scalene triangle
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61.

62.

64.

65.

66.

67.

68.

If a plane cuts off intercepts OA =a, OB =b, OC = ¢ from the coordinate axes (where 'O’ is the origin), then the area

of the triangle ABC is equal to

1
(4) 5 b2 +c%a® +27b? (B) < (bc +ca+ab)

1 1
(©) 5 abe (D) 5 J(b=c) +(c—a)’ +(a—b)y

If A, ]§ and E are three non-coplanar vectors then ( A +]§ + 6 ).[(A+ ]§ )X (A + 8 )] equals -

- - -

(A)0 (B)[A B C] (©)2[A B C] ®)[A B C]

If§ =i+j-k, E =i—j+Kk, £ is a unit vector such that £8 - 0, [8§g] = 0 then a unit vector 5 perpendicular to
both 5 and 8 is

1 1
W) @isih) (B) %(j +K) © 75+ (D) %(”k)

The equation of a plane which passes through (2, —3, 1) & is perpendicular to the line joining the points (3, 4, — 1)
& (2,—-1,5)1s given by:

(A)x+5y—-6z+19=0 (B)x—5y+6z—19=0
(C)x+5y+6z+19=0 (D)x—-5y—-6z—-19=0
. .. .o x+1 y-3 z+2 . .
The equation of the plane containing the line 3 = 5 = j and the point (0, 7, —7) is -
(A)x+y+z=1 Byx+y+tz=2 O)x+y+z=0 (D) none of these
, . . , : oox=1_y-2  z-3
Equation of plane which passes through the point of intersection of lines 3 T 1 T 3 and
x-3 y-1 z-2 ! . .
=2 T3 and at greatest distance from the point (0, 0, 0) is :
(A)4x+3y+5z=25 (B)4x+3y+5z=50
(C)3x+4y+5z=49 D)x+Ty—-5z=2
Ifthe I Xx_y_z x - z-3 dx+k_y—1_z—2 ih
elines 7= =353 =0 = 4 a3 =75 = areconcurrent then
1 1

(A)h=-2,k=-6 (B)h:E,kZZ (C)h=6,k=2 (D)hzZ,sz

) . X y z X y z
Consider the lines — = = = — and — = = = =, then the equation of the line which

203 5 1 2 3

4 .. Xy zZ
(A) bisects the angle between the lines is 37373

i .o Xy Z
(B) bisects the angle between the lines is 17573

(C) passes through origin and is perpendicular to the given linesisx=y=-2z
(D) none of these
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69.

70.

The coplanar points A,B,C,D are(2-x,2,2), (2,2-y,2), (2,2,2—2z)and (1,1, 1) respectively, then

(A)l_,.l_,.l:l (B) xty+z=1

©) + + =1 (D) none of these

r! r . L rlor .
Let a, b and ¢ be non-coplanar unit vectors equally inclined to one another at an acute angle 6. Then ‘ [abc] ‘ in

terms of 0 is equal to:

(A) (1+cos 6) y/cos 2 0 (B) (1+cos ) y/1 — 2 cos 20
(C)(1 —cos0) 4/1 +2cosb (D) none of these
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