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Chapter 3

Vectors

Exercise 3.1

Q1. ABCDEF is a regular hexagon AB=a,BC =b,CD =c¢
state following vectors as scalar multiples of a,b,¢

Hint: in a regular hexagon main diagonal AD is double the
side BC and parallel to it.

E D
G
L
A B
Sol: we have AB=3a,BC=b and CD=c
a). DE

Sol: from figure DE and DE are parallel & equal
So DE = DE
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Q3. InAOPQ,0P = p,0Q =q, R is the midpoint of OP
and S is the midpoint of OQ such that|OS|=3|SQ| .

State in term of p and q.
Q

S

O R P

Sol: we have AOPQ,0P = p,0Q =q

a). OR

Sol: since R is the midpoint of OP i.e.OR =RP so
OF — OR+ RP
OP =OR+OR
OP =20R

..OR=RP

~OP=p

DE =-ED -.DE =-ED
DE =-a
b). EF

Sol: from figure EF and CB are parallel & equal
EF =CB

b). PQ

Sol: From figure using Head to tail rule
PQ=PG+0Q

PQ=-0P +00

PQ=-p+g

EF =-BC
EF =-b
c). FA

Sol: from figure FA and DC are parallel & equal
FA=DC

FA=-CD
FA=—
d). AD

Sol: diagonal AD s double the side BC and parallel
AD =2BC
AD = 2b

e). BE

Sol: diagonal BE is double the side CD and parallel
BE =2CD

BE =2c

c). OS
Sol: From given condition |OS| = 3|SQ|or 1|0S|=|SQ

o [0S _3 . .
Or we can write — == or |0S|:|SQ|=3:1
Q| 1
Using ratio 2" method
— 30+1.0

0S =
3+1
&':%q OQ=-0s

Q2. Given vectors a & b as in figure, draw vectors:

a). a+2b

c). 3a—-2b

d). RS

Sol: From figure using Head to tail rule
RS =OR+0S

RS=-1p+iq

Q4. OABC is parallelogram with OA=a,0B =b, AC
extended to D where |AC| = 2|CD| Find in terms of a & b.
D

a). AD
Sol: we have OA=a,0B =b and |AC|=2|CD|

Or |CD|= %|AC| o)
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Chapter 3
AD = AC+CD

E=E+%E

AD=SAc =3
2 2

b). OD
Sol: we have OA=a,0B=b
OD =OA+ AD

OD=a+>b
2

c). BD
Sol: we have OA=a,0B=b
BD =BC+CD

BD=a+lb
2

Exercise 3.1 36
Q6 OA= p+q,(ﬁ =2p—q where p & g are two vectors

and M is the midpoint of AB. Find in term of p & qg.

B

[an ]

a). AB

Sol: From figure AB = AO +OB
AB =-0OA+0B
AB=-p-q+2p—q
AB=p-2q

Q5. OAB is a triangle with OA=a,0B =bh, M is the
midpoint of OA and G lies on MB such that [MG|=1|GB|.
Stateintermof @ & b

B

=
a). Find OM

Sol: M is midpoint of OA=a,So OM = MA
OA=0M +MA

OA — OM +OM

OA=20M

b). AM=1AB
Sol: M is the midpoint of AB ,i.e AM =MB , so
AB = AM + MB

c). OM =0A+AM

Sol: using m:%(p—Zq):%p_q
OM =OA+AM

OM = P+Q+%p—q

__. 3
oM =>
5P

b). MB

Sol: we have OA=a,OB =b From figure
MB = MO + OB

MB = -OM + OB

MB=-Latb
2

c). MG=MO+0OB+BG

Sol: OA=4a,0B =b and |MG| =1|GB| or 2|MG|=|GB]|
From figure MG = MO + OB + BG

MG = -OM +b—GB

G :f%a+bfzm

3MG =b-1a
2
MG =1p-1a
3 6
d). 0G
Sol: From figure OG =OM + MG
oG-=tailp-1a
2 3 6
oG = 3a+2b-a
6
oG - 2a+2b _ a+b
6 3

Q7. Given that p=3a-b,q=2a-3b, find number x
and y such that xp+ygq=a+9b
Sol: we have p=3a-b,q=2a-3b

Xp+yg=a+9b putting the values
x(3a—b)+y(2a—-3b)=a+9%

3ax—bx +2ay—3by =a+9b
3ax+2ay—bx—3by=a+9%
(3x+2y)a+(-x-3y)b=a+9b

Comparing the coefficients of @ and b

-Xx=3y=9 or —-9-3y=x....(2)
Putting the value of x in eq (1)
3(-9-3y)+2y=1
—27-9y+2y =1

—27-1=7y

y===-4

Putting the value of y in eq (2)
Xx=-9-3(—-4)

Xx=-9+12

x=3,y=-4

Q8. Position vectors of four points A,B,C,D are
a,b,2a+3b, a—2b respectively. Find AC, BD, BC,CD
intermof @ & b

Sol: let OA=a,0B =b,0C =2a+3b,0D=a—2b
AC=0C-OA=2a+3b—-a=a+3b
DB=0B-OD=b-(a-2b)=3b-a

BC=0C-OB =2a+3b-b=2a+2b

CD=0D-0OC =a-2b—2a-3b=-a-5b
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Exercise 3.2 la+b|=[i-2j|

Q1. Find the position vectors of the following points
i). P(0,0)

Sol: since 0(0,0) so

OP=P-0=(0,0)-(0,0)

OP =(0,0)=0.i+0.]

|la+b|= 12 +(-2)°

la+bl=v1+4 =15

ii). Q(3,-2)

Sol: since 0(0,0) so
0Q=Q-0=(3,-2)-(0,0)
0Q=(3,-2)=3i-2j

v). |a|-b|

Sol: we have a=3i-5j and b=-2i+3]
|a]—|b| =[3i =5 | —|-2i +3]j|

la| ~[b| = /32 +(-5)° —\(-2)° +3

|a| —[b| = VO +25 —/4+9

i) R(J§,2J§)

Sol: since 0(0,0) so

OR=R-0=(+3,22)-(0,0)
= (V3,242) = Bi + 242

Q2. Express the vector PQ in the from of Xi+Yj
i). P(0,0),Q(4,5)

Sol: we have P(0,0),Q(4,5)

PQ=0Q-O0P =(4,5)-(0,0)

PQ=(4,5)=4i+5]

|| —|b| = v34 13
vi). |a|

[b|
Sol: we have a=3i—-5j and b=-2i+3]
@_ [3i -5 j]
lb] — |-2i+3]
laf _ 3 +(-5)
bl f(—2)* +3°
H: \J9+25
o]  a+9
laf _ /34
b~ Vi3

Q4. Find the unit vector having the same direction as
the vector given below

ii). P(-2,-1),Q(6,-2) nglet A=3i

Silz we have P(-2,-1),Q(6,-2) |A|:|3i|:\/3_2=3
PQ=0Q-0OP =(6,-2)—(-2,—-1) A_3i_
PG=(8,-1)=8i—j NEEED

iii). P(1,0),Q(0.1) i), -]

Sol: we have P(10),Q(0,1) Sol:Let A=i-j

PG =0Q-0P =(0,1)~(1,0) A=l il =+ (1) =V2
PQ=(-11)=—i+] PR el ;_L
Q3.1f a=3i-5] and b=—2i+3] then find A 2 2 2
i). a+2b fii). 3i—4]

Sol: we have a=3i-5j and b=-2i+3j
a+2b=(3i-5j)+2(-2i+3j)
a+2b=3i-5j-4i+6]j

a+2b=—i+]j

ii). 3a—2b
Sol: we have a=3i-5j and b=-2i+3j
3a—-2b=3(3i-5j)—2(-2i+3j)

Sol: Let A=3i—4]j

|Al=[3i-4j|= «/32 +(—4)2

|Al=/9+16 = /25 =

_ A _3i-4j E_i-
A~ "5 5 5!

iv) A=8j_1j

Sol: we have A= fl 2]

3a-2b=9i-15j+4i—6j .
3a—2b=13i—21j |A|— - % /( +

iii). 2(a—b) —

Sol: we have a=3i—5j and b =—2i+3] |A|:\/;

2(a—b)=2{(3i-5])—(~2i+3j)} |Al=i=1

2(a—b)=2(3i-5j+2i-3j) Azﬁz%—%l

2(a—b)=2(5i-8j) 5 1

2(a—b)=10i-16j AZTI—EJ

iv). |a+b| Q5. If r=i-9j,a=i+2j and b=5i- j, determine the

Sol: we have a=3i-5j and b=-2i+3j
la+b|=|(3i—5])+(-2i+3])|
|a+b|=]3i—5j—2i+3j|

real numbers p and g such that r = pa+qgb
Sol: we have r=i-9j,a=i+2j and b=5i-j,
sincer = pa+qgb
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Chapter 3 Exercise 3.2 38
Putting the values of r,aand b 4+ /42_4(1)(_17)
i—9j=p(i+2j)+q(5i—j) X = 20
i—9j=pi+2Pj+5qi—qj
i—9j = pi+50i+2pj —qj o “4E16+68
i-9j=(p+5q)i+(2p—q)]j 2
By comparing the coefficients of i and j X = —4+/84
p+5q=1 ...(1) multiplyby2 = 2p+10q=2 2
2p-q=-9 2pF g=59 g TAEVAxal

by subtracting 11q =11 2
or g=1 putin() X_—4J_r2\/ﬂ
p+5=1 2
p=-4 x=-2++21

Q6. Find length of vector AB from a point A(-3,5) &
B(7,9) . Also find a unit vector in direction of AB

Sol: we have A(-3,5) & B(7,9)
AB=0B-0A=(7,9)-(-35)

AB =(10,4)=10i +4 ]

|AB| =10i +4j| =107 +47

| AB| = 1100+16 = V116 = 229

AB  10i+4j 5 2j

a2V VB 9

AB

Q7.1f p=2i+3j and q=i- j, then find numbers x and y
such that xp+ yq=—-4i-11j

Sol: we have P=2i+3]j and g=i-j

Given that Xp+ ygq=—4i—11]j putting the values
x(2i+3j)+y(i—j)=—4i—11]

2Xi+3xj+yi—yj =—4i—11]j

2Xi+yi+3xj—yj =—4i—11j

(2x+y)i+(3x—y) j=—4i—11j

Comparing the coefficients we get

2X+y=—4 ... 1)
x—y=-11..... 2
5x  =-15

= x=-3putin (1)
—6+y=-4
y=-4+6

y=2

Q9. If ABCD is a parallelogram such that the coordinates of
vertices, A,B and C are respectively given by (-2,3),(1,4)
and (0,5). Find the coordinates of the vertex D.

Sol: Given that A(—2,-3),B(1,4),C(0,5) Let D(x, y)
Since ABCD is parallelogram so and equal
AB||CD and BC || DA
Now AB||CD
B-A=k(D-C) for equal sides k =1
B-A+C=D
(i+4j)—(-2i-3j)=(xi+yj)—(0i+5])
i+3i+4j+3j=xi+yj—5]
Bi+7j=xi+(y-5)j
Comparing the coefficients
3=x, 7=y-5

=7+5=y

y=12

Therefore the coordinates of D (3, 6)

Q8.If p=2i—j and q=xi+3j, then find numbers x
such that [p+0q|=5

Sol: we have p=2i—j and q=xi+3j
p+a=(2i—j)+(xi+3j)
p+q=2i+Xi—j+3]j
P+a=(2+x)i+2]j
|p+a|=|(2+x)i+2j|
|p+q|=y/(2+x)" +22
5=v4+x*+4x+4
5=+/x?+4x+8
25=x>+4x+8

X +4x+8-25=0

x> +4x-17=0
Here

|p+q|=5

_ —bxb®—4ac

a=1b=4,c=-17 X
2a

Q10 If a & b are position vectors of A & B
respectively, then prove that position vectors of
midpoint of line segment joining A and B is 22

Sol: we have OA=a,0B=b

B
L~
P A

From figure f =0B-0A

AB=b-a
Let C in the mid-point of AB which divides internally
than AC =CB
AB=AC+CB
AB = AC + AC - AC=CB
AB =2AC
AC =1 AB
Putting the value of AB=b-a
AC - 3(b-a)

Now OC = OA+ AC
OC=a+1(b-a)

b a

O(: a_|_5_E

— a b

O(: a_5+5
a b a+b
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Q11. Using vectors, Prove that the line passes
through the midpoints of adjacent sides of a
rectangle divides one of the diagonal in the ratio 1:3
Sol: Let OACB is rectangle with OA=a,0OB=b

=

._:_1 -

And D and E are the mid points of OA and OB, Then

OD = DA OE =EB
OA=0D+DA OB =OE +EB
OA=0D+0D OB = OE +OE
OA =20D OB = 20E
OD=10A OE=10B
OD=1a OE=1b

= ED=EO+OD

ED=0D-OE

ED = a2

Here F is the mid point of ED so EF =1ED
EF-FD =l(a_—bj=a_—b

2 4
OF =OE + EF
OF b, a-b
2 4
2 2 4
a:’=2b+a—b
4
az’za'Fb
4
OC =0A+ AC -+ AC =0B
Now
OC=a+b
Since
OC — OF + FC
a+b=2*P FE
4
a+b_atb =<
1 4
3(a+bj=ﬁ
4
30F = FC
OF _1
FC 3
OF :FC =1:3

Sol: ABCD is a quadrilateral with the position vectors
ﬁza,@zb,ﬁzc,@:d and E,F,G and H are the

mid points of AB, BC, CD and DA respectively.
Using midpoint formula

— OA+OB =a+b ﬁZOB+OC =b+c

OE = ,
2 2 2 2
@ZOC+OD:c+d’O—H:OA+OD:a+d
2 2 2 2
Now
EF-OF -OE-2*¢ atb_c=a ' ()
2 2
FG=0G-oF =S4 brc_d=b (2
2 2
HG=0G-oH-ttd a+td_c=a g3
2 2 2
EH-OH oE=27td arb_d=b )
2 2 2

from equation (1) and (3) we get
EF =1.HG < EF || HG
from equation (2) and (4) we get
FG=1.EH < FG||EH
So EFGH is a parallelogram.

Exercise 3.3

Q1. Find the components of the vector ﬁ
i). P.(5-21),P,(24.2)

Sol: we have B(5,-2,1),P,(2,4,2)

PP, =(2,4,2)-(5-21)

PP, =(-3,6,1)

If RP, =(xy,2) then (x,y,2)=(-3,6,1)
=>x=-3,y=62=1

ii). ,(0,0,0),P,(-2,5,1)

Sol: we have P,(0,0,0),P,(-2,5,1)

PP, =(-2,5,1)—(0,0,0)

PP, =(-2,51)

If BP, =(xY,2) then (x,y,2)=(-252)
=>x=-2,y=51z=1

iii). Pl(2,1,—3),P2(7,1,—3)

Sol: we have P,(2,1,-3),P,(7,1,-3)
PP, =(7,1,-3)-(2,1,-3)

PP, =(5,0,0)

If @:(x, y,Z) then (x,y,z)=(5,0,0)
=x=5y=0,z=0

Q12. Prove that the line segments joining the midpoints of the

consecutive sides of any quadrilateral determine a parallelogram.

Q2. Find the initial point of the vector r =(-2,1,2) if
the terminal point is (4,0,-1)

Sol: Terminal Point B=(4,0,~1) and Initial point A=?
Then r=AB=0B-0A

(-2,1,2) = (4,0,-1)—OA

OA=(4,0,-1)—(-2,1.2)

OA=(6,-1,-3)
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Q3. Find the terminal point of the vector

r =i+3j-3kif the initial point is (-2,1,4)

Sol: Initial point A=(-2,1,4) Terminal Point B=?
Then r = AB=0B-0A

(1,3,-3)=0B—(-2,1,4)

0B =(1,3,-3)+(-2.14)

In questions 6-12 A,B,C,D are the points with position
vectors given by
OA=i+j+k,OB=i—j+2k,OC = j+k,OD = 2i + j

OB=(-141)
Q4.letu=i+2j-3k,v=2i—j+2k,w=3i— j+5k Find
i). u—2v

Sol: Sinceu=i+2j-3k,v=2i— j+2k,w=3i— j+5k
u—2v=(i+2j-3k)-2(2i— j+2k)
u—2v=(i+2j-3k)—(4i-2j+4k)
u-2v=-3i+4j-7k

ii). 3v+2w
Sol: Sinceu=i+2j-3k,v=2i— j+2k,w=3i— j+5k

3v+2w=3(2i— j+2k)+2(3i— j+5k)
3v+2w=(6i—3j+6k)+(6i—2j+10k)
3v+2w=12i -5j+16k

Q6. Find |AB|,[BD)
Sol: OA=i+ j+k,OB=i—j+2k,OC = j+k,OD =2i+ j
AB=0B-O0A=(i—j+2k)—(i+j+k)
ﬁ:—2j+k Then |ﬁ|:‘(_2)2+12

|AB| = Va+1- 5
BD=0D-0B=(2i+j)—(i—j+2k)
5] (21
80| = Vi+4+4
BD| =10 =3

BD=i+2j—2k Then

iii). 3u—(2v+w)
Sol'Sinceu=i+2j—3k,v:2i—j+2k,w=3i—j+5k
U—(2v+w)=3(i+2j-3k)—{2(2i — j+2k)+(3i— j+5k)}
U—(2v+w)=3(i+2j—3Kk)—{(4i—2]+4k)+(3i— j+5k)}
u—(2v+w)=(3i+6j-9k)—(7i-3j+9k)
3u—(2v+w)=—4|+91—18k

Q5.Llet p=i-3j+2k,q=i+j & r=2i+2j-4k Find
i). [p+q-r|

Sol: since p=i-3j+2k,g=i+j and r=2i+2j-4k
|p+a—r|=|(i-3j+2k)+(i+j)—(2i+2j—4k)
|p+q-r|=|2i-2i-2j-2j+2k+4K|
|p+q—r|=|-4j+6kK|

|p+q-r] =,/(—4)2 +6 =/16+36

|p+q-r|=+52=4x13 =213

Q7. Find the direction cosine of CD and AC
Sol: OA=i+ j+k,OB=i—j+2k,OC = j+k,OD=2i+ j
CD=0D-0C =(2i+j)-(j+k)
N Wy
Then |CD|=2i —K| = /2% +(-1)
CD|=a+1=5

So the direction of cosine

CD=2i-k

[2 0 —1j

NENCEN
AC=0C-O0A=(j+k)—(i+j+k)
AC =i

G| = | =) - -1

So the direction of cosine

£:29)-s00

ii). [ p[+]al

Sol: since p=i-3j+2k,q=i+]j
[p|+|a| =i —3j+2k|+]i+ j|

[Pl +]a] = 1* + (=3)" + 2 + 17+ 1
Ip|+]a| = V1+9+4 +1+1
|p|+|q| V1412

iii).
Irl |

Sol: since r=2i+2j-4k

|| =[2i+2j—4k| = |22 + 22 +(-4)°

= VA6 = V24 =5 =248

o P2
o =J(%J (&) F)

1

1 1 4 6
Y e I A Y R
=Vt e s Ve =

.r

Q8. Find the position vector of the point which

i). divides BC internally in the ratio 3:2

Sol: OA=i+ j+k,OB=i—j+2k,OC = j+k,OD = 2i+ j
B

~— 30C+20B 3(j+k)+2(i—j+2k)

OE = =
3+2 5
ﬁ:3j+3k+2l—2]+4k
5
OF - 2i+ j+7k
5
ii). Divides AC externally in the ration 3:2
Sol: OA=i+ j+k,OB=i—j+2k,OC = j+Kk,OD =2i+ j
A
=
F
o
ﬁ_3@_2c74_9,(j+k)-2(i+j+|<)
S 3-2 3-2
OT:=31+3k—2|—21—2k
1
OF =—2i+ j+k
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Q9. Determine whether any of following pairs of lines

are parallel.

Sol: OA=i+ j+k,OB=i— j+2k,OC = j+k,OD = 2i + j
i). ABand CD

Sol: OA=i+ j+k,OB=i— j+2k,OC = j+k,OD =2i+ j
AB=0B-OA=(i—j+2k)—(i+j+k)

AB=-2j+k

CD=0D-0C =(2i+j)-(j+k)

CD=2i-k

AB is not parallel to CD

We can not express as AB =k CD
Where k is some constant

AB=(i—j+2kK)—(i+j+k)
AB=-2j+k

We can express as AB=k LM
Where k=2 is some constant
ie., AB=2.LM

—2j+k= 2(—21—+kj
2

ii). ACand BD

Sol: OA=i+ j+k,OB=i— j+2k,OC = j+k,OD =2i + j
AC=0C-O0A=(j+k)-(i+j+k)

AC =i

BD=0D-0B=(2i+j)-(i—j+2k)

BD=i+2j-2k

AC is not parallel to BD

We can not express as AC =k BD
Where k is some constant

iii). AD and BC

Sol: OA=i+ j+k,OB=i—j+2k,OC = j+k,OD =2i+ j
AD =0D-O0A=(2i+j)-(i+j+k)

AD =ik

BC=0C-OB=(j+k)—(i—j+2k)=j+k-i+j—2k
BC=-i+2j—k
AD is not parallel to BC

We can not express as AD =k BC
Where k is some constant

Q10. Let L & M are the position vectors of the mid points
of AD & BD respectively. Show that LM is parallel to AB
Sol: OA=i+ j+k,OB=i— j+2k,OC = j+k,OD =2i+ j
Let L is the Mid point of AD

Py

=3
nM

a:ﬁzﬁ:(2i+j)+2(i+j+k)

_3i+2j+k

oL
Let M is the Mid point of BD
- OD+OB (2i+j)+(i—j+2k)

oM

2 2
W=3I+2k

2
So LM =OM -OL
m-:3l+2k_3l+2j+k

2 2
LM':_ZJ—“LK

2

And  AB=0OB-OA

Q11. If H &K are mid points of AC & CD, show that HK =1 AD
Sol: OA=i+ j+k,OB=i—j+2k,OC = j+k,OD=2i+ j

~

(=]
=

Let H is the Mid point of AC

m:OC;OA:(1+k)+§|+1+k)

i+2j+2k

OF =
Let K is the Midpoint of CD

oK . 0D+0C _ (2i+)+(i+k)

2 2
OK = 2i+t2j+k

2
So HK =OK -OH
W:2'+21+k—'+21+2k

2 2
m('zl—k

2

And  AD=0D-O0A
AD=(2i+j)—(i+j+k)
AD=i-k

We can express as HK =k AD
Where K =1 is some constant
ie., Wz%(ﬁ)

E L (i-K)

SO HK|| AD

Q12. If L,M,N and P are the midpoints of AD, BD, BC

and AC respectively, show that LM is parallel to NP
Sol: OA=i+ j+k,OB=i—j+2k,OC = j+k,OD =2i+j
B A

& -

D

Let L is the Mid point of AD
ﬁzﬁ;o—A:(2i+j)+2(i+j+k)

a:3l+21+k

Let M is the Mid point of BD
oM @;@ _(ai+ j)+(2i—j+2k)

oM 3i+ 2k
2
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So LM =OM -OL
m:3l+2k_3l+2j+k

2 2
LM = —2i+k

Let N is the Mid point of BC
_OC+O0B _ (j+k)+(i—j+2k)
2 2

_i+3k

ON

ON

Let P is the Mid point of AC
@:FC+CTA:(j+k)+(i+j+k)

2 2
op - 1+2i+2k
2
So
@:@_OW:|+21+2K_|+23K
Npo2i=k
2

We can express as NP =k LM
Where k= - 1 is some constant

i.e.,

W:—l(m)

2j—k __(—2j+k}
2 2

SO NP ||LM

QP is one third of AB

Q14. Find the coordinates of P where
a). ‘Cﬁ‘ =6and OP is in direction of A=2i-3j+6k

Sol: ‘@‘ =6and OP is in direction of A=2i—3j+6k

|Al=]2i -3 +6K| = 2* +(-3)" +6°
|Al=2+9+36 = /49 =7
A _2i-3j+6k
4T
Then
OF =|oP|oP
2i-3j+6k
»

A:

@:6.(

@:12|—1871+36k

Then coordinates of P are P = (%_7182]

Q13. Let P & Q divide the sides BC & AC respectively of
triangle AABC in the ratio 2:1, ifAB=a & AC=b , then
find @ is parallel to AB and is one third of its length.
Sol: Giventhat AB=a and AC =b

_—

BC=AC-AB=b-a
Let P & Q divide the sides BC and AC in the ratio 2:1

i.e ﬁzg @:Z
"PC 1 oc 1
= PB=2PC AQ =2QC
-~ BC=BP+PC AC = AQ+QC
B—czﬁ+§@ E=E+%/TQ
BC-Bp AC=32G
2 2
.2 .2
BP=<(b-a AQ=%b
3( ) Q=3
From figure

QP — A+ AB+BP

QP =—-AQ+AB+BP
P=-—b+a+=(b-a

Q 3 + +3( )

@=—§b+a+§b—ga

3 3 3

— 2 a
P=a-——a=—

Q 3 3

QP=1AB  QP|AB

b). ‘@‘zZand OP is in direction of A=8i+ j—4k
Sol: ‘@‘:Zand OP is in direction of A=8i+ j—4k
W = [8i+ j - 4K| = /8% +12 +(-4)°
|Al=/64+1+16 =B1=9
Al A _Biti-ak
And°
Then
OP =|0P|oP
@zz_(Mj
9

@216I+29j—8k

Then coordinates of P areP = (%g?j

c). OP isinclined at equal acute angles to OX, OY and
OZand ‘@‘ =4
Sol: ‘@‘ =4 OP is inclined at equal acute angles
so that OP direction of A=i+ j+k
|Al =i+ j+k =v1* +12 +1° =3

A i+jHk

A B

Then OP :‘@‘OP

oo

—— 4i+4j+4k
opP=—""2"""
V3
Then coordinates ofPareP:[i 4 ij
V3'BB

Q15. Find the magnitude and inclination to each of
the coordinate axes of vector v, if

a). v=3i+4j+5k

Sol: we have v=3i+4]j+5k

V[ =[3i+4j+5k| =3 +4> +5°

V| =/0+16+25 = /50 = /25x 2
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|v| —542 then direction of cosines are

CoOsax =

,_5
52

-1

3 cos,B—i cos
52" 52"

3 a4
—=, =C0S" ——=,y =CO0S
52 7% 557

o =64.89°, 8 =55.55°, y = 45"
o =64°54", p =55°33' y = 45°

o =cos™

5
52

b). v=—i+j-k
Sol: we have v=—i+ j—k

2

V| =|-i+j-k|= (—1)2 +1% +(-1)
V=+1+1+1=+3

V] = J3 then direction of cosine are

-1 1 -1
CoS¢x = —,C0S f =—,C0Sy =—

BB

oczcos’l_—1,,8:005’1i,;/:cos’1_—l
NE] 3 NE]

a =125.26°, f =54.73°,y =125.26°
a =125°16, B =54°44' |y =125°16'

c). vis represented by OP where P is point (5,1,4)
Sol: we have P(5,1,4) and |v| = v5° +1° + 47
V| =\/25+1+16 = /42

v[= 42 then direction of cosine are

cosaz—i cos/?—i cos;/—i
Ja2' Ja2' J42
5 1 4
a=c0s"t—,B=c05"t——,y=cos "t —
\42 d 42 f 42

o =395°, =811,y =519

Ql6.if a=3i— j—k,b=-2i+4j-3k,c=i+2j-k then

find a unit vector parallel to 3a+2b+4c
Sol: Since a=3i—- j—k,b=-2i+4j-3k,c=i+2j-k

Ba+2b+4c=3(3i— j—k)+2(-2i+4j-3k)+4(i+2j-k)

3a+2b+4c=9i-3j-3k—4i+8j—6k+4i+8j—4k
3a+2b+4c=9i—-4i+4i—-3j+8j+8j—3k -6k -4k
3a+2b+4c=9+13j-13k

|3a+2b+4c| =9 +13j —13k| = \/9* +13° +(—13)2

|3a+2b + 4c| = \/81+169 +169 = \/419

Then unit vector parallel to3a+2b+4c g

V419

Exercise 3.4 43

Q2. Angle between two vectors Vi and V; is arc

cosi if V,=6i+3j-2k V,=-2i+1j-4k then find
21

value of 1

Sol: we have V, =6i+3j—-2k V,=-2i+4j-4k

V,V, = (6i+3j—2k).(~2i + A —4k)

V,V, =—12+31+8=31-4

M =62 +3 +(-2)  N,|=[(-2) + 4% +(-4)

V| =+36+9+4 V,| =V4+ 1% +16
V| = \49=7 V,| =V A2 +20
ezcos‘li:cose:i
Given that 21 21
cos @ = &
V1, -Vel
4 31—-4

21 7J27+20

4x7JA% +20 = 21(31 - 4)
Divided by 7 and squaring

(4 /12+20)2 ~(3(32-4))’
16( 4% +20)=9(94% +16-242)
164% +320 =814% +144 - 2164
811% —164% - 2164 +144-320=0
6512 —2161-176 =0

6512 — 2601+ 441 -176 =0
651(1—4)+44(1-4)=0
(654+44)(A1-4)=0
..654+44=0 or A-4=0
A=72=0 or A=4

Q3If a=3i+4j-k, b=i=-j+3k & c=2i+ j—5k then
a). ab

Sol: Sincea=3i+4j—k, b=i—j+3k & c=2i+j-5k
ab=(3i+4j—k).(i—j+3k)

ab=3-4-3

ab=-4

9i +13j -13k

Exercise 3.4

b). ac

Sol: Sincea=3i+4j-k, b=i—j+3k & c=2i+ j—5k
ac=(3i+4j—k)(2i+ j—5k)

ac=6+4+5

ac=15

Q1. Find the cosine angle between the vectors
a=2i-8j+3k and b=4j+3k
Sol: we have a=2i-8j+3k and b=4j+3k

|a| = ‘/22 +(-8)+3  |p|=42+F

la] =\4+64+9 Ib| =16 +9
ja| =77 b =25 =5
ab=(2i-8j+3k).(4j+3k)
ab=0-32+9
ab=-23
Let & be the angle between the vectors
cosO — ab _ -23

[al- bl (v77)(5)

—-23
cosf = ﬁ

c).a.(b+c)

Sol: Sincea=3i+4j-k, b=i—j+3k & c=2i+ j-5k
a(b+c)=(3i+4j—k).{i—j+3k+2i+ j—5k}
a.(b+c)=(3i+4j—k).(3i—2k)

a.(b+c)=9+0+2

a.(b+c)=11

d).(2a+3b).c

Sol: Sincea=3i+4j-k, b=i-j+3k & c=2i+ j—5k
(2a+3b).c={(6i+8j—2k)+(3i—3j+9k)}.(2i+ j—5k)
(2a+3b).c=(9i+5]j+7k).(2i+ j—5k)
(2a+3b).c=18+5-35

(2a+3b).c=-12

e). (a-h)c
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Chapter 3 Exercise 3.4 44
Sol: Sincea=3i+4j-k, b=i-j+3k & c=2i+ j-5k (b—a)c=0, (c—-b)a=0
(a—b).c={(3i+4j—k)—(i—j+3k)}.(2i+ j—5k) bc-ac=0  ca-ba=0

b)c=(2i+5i —4k).(2i+ i —5k b.c=a.c, ca=bha
(a=b).c=(2i+5]~4k).(2i+j-5) We have to show that AC L OB

(a—b).c=4+5+20
(a—b)c=29

Q4.In AABC, AB=i+2j+3k,BC =—di+4]j
a). Find the cosine of angle ZABC
Sol: we have AB=i+2]j+3k,BC =—4i+4]j

|AB| =1+ 22 + 37 [BC|= NE T
|AB|=Vi+4+9, [BC|=+I6+16+0
ol -

ABBC = (i+2j+3k).(-4i+4]j)
AB.BC =—4+8+0

AB.BC =4
_ ABBC 4
P e (W]
4 4 1
S AR = oo 4x2d7 207

(c—a)b=cb-ab
s.ab=ac, ac=bc

We get (c—a)b=cbh-ab
(c-a)b=ch-ac
(c-a)b=ch-bc
(c—a)b=0

Q6. Given two vectors a,b(a=0,b=0). Show that
a).if a+b and a—bare perpendicular, then [a|=|b|
Sol: we have a+b and a—b are perpendicular
(a+b).(a—b)=0

a’—-b?=

a’ =p?

= [af =

~[al -]

b). Find vector AC and use it to calculate angle ZBAC
Sol: we have AB=i+2j+3k,BC=-4i+4]j

AC = AB+BC

AC =(i+2j+3k)+(-4i+4j)

AC =-3i+6j+3k

|AC|= J(-3) +67+3

\Ac\=m

|Ac]-

AC.AB =(-3i+6j+3k).(i+2j+3k)

AC.AB =-3+12+9

AC.AB =18
cos Z/BAC :&
cleg
18
cos /BAC = ————
()()
cos ZBAC =L
J3x2x9%x2x7
18
cos ZBAC =
3x 2421
3
/BAC =cost —
J21

Z/BAC = 49.1066°

b). if |a+b|=|a—b| then a and bare perpendicular
Sol: we have |a+b|=|a—b|

Squaring both sides we get

(a+b)2:(a—b)2

a?+b?+2ab=a’ +b’—2ab

2ab =-2ab

2ab+2ab=0

4ab=0

=ab=0

=alb

Q7 Three vectors @,b & Caresuchthat azb#c=0
a). if a.(b+c)=h.(a—c), prove that c.(a+b)=0
Sol: we have a.(b+c)=b.(a—c)
ab+ac=ba-bc

ac=-bc

ac+bc=0

(a+b)c=0

Hence proved

b). if (ab)c=(bc)a, show that a and c are parallel

Sol: Since dot product of two vectors is a scalar
So Let ab=k, bc=t then

(ab)c=(bc)a

kc=ta

c=+a

= c|la

Q5. A,B,C are points with position vectors a,b,c
respectively, relative to an origin O. AB is perpendicular to
OC and BC is perpendicular to OA. Show that AC is
perpendicular to OB.

Sol: we have OA=a, OB=b, OC=c
AB=0B-OA=b-a

AC=0C-OA=c-a

BC=0C-OB=c-b

Since we know that AB L OC, and BC L OA

Q8. Find angle between following pairs of vectors:
a). n=i+2j-k, r,=i+j-2k

Sol: we have r,=i+2j-k, r,=i+j-2k

nr, =(i+2j-k).(i+j—-2k)

n.r, =(1+2+2)

rn.r,=5

Now um o= F (2
R R )
n|=6 In,|=/6
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Let @ be the angle between a and b then Exercise 3.5
r, 5 N

cosf = 12— >
|1 | («/6)
f=cos™(2)

b). n=A(i+2j+2k), r,=pu(3i+2j+6k)

Sol: we have r,=A(i+2j+2k), r,=pu(3i+2j+6k)
., =Au(i+2j+2k).(3i+2j+6k)

n.r, = Au(3+4+12)

n.r, =194u

Now [n|=VAZNTZ+22+22, |r|= i F +2*+67
N e N e
In| = A9 [ARINZE]
|n|=34, || =7u

Let 6 be the angle between a and b then
rn.r, 19iu 19

“lulle] 20 21

6=cos(£)

cosé

Q1. Find the following cross products
i). jx(2j+3k)

Sol: we have to find jx(2j+3k)
ix(2j+3k)=2jxj+3jxk
=2.0+3i=3i

ii). (2i-3)xk

Sol: we have to find (2i—3j)xk
(2i—3j)><k =2ixk-3jxk
=2(=})-3i=-3i-2j

iii). (2i—3j+5k)x(6i+2j—3k)

Sol: we have to find (2i—3j+5k)x(6i+2j—3k)

i j k
-3 5

6 2 -3

—i(9-10)~ j(~6-30)+k(4+18)

=—i+36]j+22k

Q9. Show that a=i+7j+3k is perpendicular to both
b=i-j+2k and c=2i+j-3k

Sol: a=i+7j+3k,b=i—j+2k and c=2i+j-3k
a.b:(i+7j+3k).(i—j+2k):1—7+6:0

=alb

ac=(i+7j+3k).(2i+j-3k)=2+7-9=0

=alc

Q10. Show that a=13i+23j + 7k is perpendicular to
both b=2i+j—7k and c=3i-2j+k

Sol: a=13i+23j+7k, b=2i+j-7k & c=3i-2j+k
ab=(13i1+23j+7k).(2i+ j—7k)=26+23-49=0
=alb
ac=(13i+23j+7k).(3i-2j+k)=39-46+7=0
=alc

Q11. Find projection of a=3i+ j—2k on b=—i— j+5k
Sol: we have a=3i+ j—2k and b=-i—j+5k

Ibf = (-2)° +(~2)" +(5)°
lb| = Vi+1+25 = 27

|b| = Vox3 =33
po D _—i-i+Sk
|o| 33

Projection of @ on bi.e,,
a.6=(3i+j—2k)(ﬂj

33
. 3-1-10 -14
ab=—2>""—"-_"7°
33 33

Q2a=-2i+6j+3k,b=3i+3j+6k and c=2i+7j+4k,
Find (a—b)x(c—a) and (a+b)x(c—a)

Sol: a=-2i+6j+3k,b=3i+3j+6k & c=2i+7j+4k
a—b=(-2i+6j+3k)—(3i+3j+6k)
a-b=-5+3j-3k
c—a=(2i+7j+4k)—(-2i+6j+3k)

c—a=4i+j+k

a+b=(-2i+6j+3k)+(3i+3j+6k)

a+b=i+9j+9k

i ok
NOW (a_p)x(c—a)=|-5 3 -3
4 1 1
—i(3+3)— j(-5+12)+k(-5-12)
=6i—-7j-17k
i j ok
(a+b)x(c—a)=[1 9 9
4 1 1
=i(9-9)-j(1-36)+k(1-36)
—35j-35k

Q12. Find work done by force F=2i +3j+K indisplacement
of an object from a point A(—Z,l, 2) to point B(5, 0,3).
Sol: F=2i+3j+k & points A(-2,1,2)& B(5,0,3)
AB=B-A=(50,3)—(-212)

AB=(7,-11)& F=2i+3j+k

F.AB = (2i +3j+k)(7i— j+k)

F.AB =14-3+1=12 units

Q3. Find a unit vector perpendicular to both a=i+ j+ 2k
and b=-2i+ j-3k
Sol: we have a=i+ j+2k and b=-2i+ j—3k
Let c be the vector perpendicular both aand b

i j k
axb=|1 1 2

-2 1 -3
axb=i(-3-2)—j(-3+4)+k(1+2)
axb=-5i— j+3k
laxb| = \[(-5)° +(-1)° +3°
laxb|=+25+1+9
|axb|:\/£
So the unit vector
o_axb _—5i—j+3k

|a><b| J35

5§ 3k

NN

C=
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Q4. Find a vector of magnitude 10 and perpendicular
to a=2i-3j+4k and b=4i-2j-4k

-3j+4k and b=4i-2j-4k

Let ¢ be the vector perpendicular both aand b

Sol: we have a=2i

i j ok
axb=|2 -3 4
4 2 -4
axb=i(12+8)— j(-8-16)+k(—4+12)
axb=20i—24j +8k
laxb| = 207 +(=24)" + 8
|axb| = /400+576 + 64
|axb| =+/1040 = \/16x 65 = 4/65

And its magnitude |c|=10

- axb  20i-24+8k
N laxb| - 4.J65

: 5i 6j 2k

RN AN N
o celee-t0{ o e e

Exercise 3.5 46
Sol: we have A(0,0,0),B(1,1,1),C(0,2,3)
AB=B-A=(111)-(0,0,0)=(111)

AC=C-A=(0,2,3)-(0,0,0)=(0,2,3)
i j ok
ABxAC=1 1 1
0 23
=i(3-2)-j(3-0)+k(2-0)
=i-3j+2k
Area of triangle

1| ABx AC| = £ 12 +(-3)} + 22

=1\1+9+4 =4 square units

Q5 For vectors a=2i—3j—k & b=i+4j—2k verify that
a). axb=-bxa

Sol: we have a=2i-3j—k and b=i+4j-2k

i ] k
Now axb=(2 -3 -1
1 4 -2
axb=i(6+4)—j(-4+1)+k(8+3)
axb=10i+3j+11k ... (1)
i j Kk
Now bxa=[1 4 -2
2 -3 -1

bxa=i(-4-6)—j(-1+4)+k(-3-8)
bxa=-10i-3j-11k Multiply b.s by -1
—bxa=10i+3j+11k usingeq (1)
-bxa=axb

Q7. Find the area of a triangle whose vertices are
A(0,0,2),B(-13,2),C(10,4)
Sol: AB=B-A=(-132)-(0,0,2)=(-13,0)
AC=C-A=(1,0,4)-(0,0,2)=(10,2)
i j ok
ABxAC=[-1 3 0
1 0 2
=i(6-0)—j(-2-0)+k(0-3)
=6i+2]j—3k
1|ABx AC| = 1,/6% + 27 +(-3)’

=136 +4+9 = 1/49= Zsquare units

b). (a+b)x(a—b)=-2(axh)

Sol: we have a=2i—-3j—k and b=i+4j-2k

a+b=(2i-3j—k)+(i+4j-2k)
a+b=3i+j-3k
a—b=(2i-3j—Kk)—(i+4j-2k)
a+b=i-7j+k
i j K
Taking RHS axb=2 -3 -1
1 4 =2
axb=i(6+4)—j(—4+1)+k(8+3)
axb=10i +3j+11k ... (1)
i j k
Taking LHS (a+b)x(a-b)=3 1 -3
1 -7 1
=i(1-21)- j(3+3)+k(-21-1)

— _20i-6j—22k
(a+b)x(a—b)=-2(10i+3j+11k)
(a+b)x(a—b)=-2(axh)

Q8. Find area of the parallelogram with vertices
A(12,-3),B(5,81),C(4,-2,2),D(0,-8,-2)

Sol: we have A(1,2,-3),B(5,8,1),C(4,-2,2),D(0,-8,-2)
AB=B-A=(581)-(12-3)

AB = (4,6,4)
AD =D~ A=(0,-8,-2)~(12,-3)
AD = (-1,-10,1)
i ]k
Now ABxAD=|4 6 4
1 410 1
=i(6+40)— j(4+4)+k(-40+6)
— 46i -8 — 34k
|ABx AD| = /46 +(-8)’ +(-34)’

=/2116+64+1156 = /3336 square units

Q6. Find the area of a triangle ABC whose vertices
are A(0,0,0),B(1,1,1),C(0,2,3)

Q9. Aforce F=i+2j—3k isapplied at P =(1, 2,3). Find
its moment about A= (l,l,l). What is magnitude of this
moment?

Sol: Since F=i+2j-3k P :(1,2,3) & A:(l,l,l)
r=AP= P—A:(1,2,3)—(1,1,1)

r :(0,1, 2)

Moment M =rxF

1 2 -3
M =i(-3-4)-j(0-2)+k(0-1)
M=-7i+2j-k
Magnitude of the Moment

IM| =|rxF|=49+4+1=+/54
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Q10. Find area of parallelogram whose diagonals are
i), a=4i+j—2k and b=-2i+3j+4k
Sol: Area of parallelogram
i j k
%(axb):% 41 2
-2 3 4
=1[i(4+6)— j(16-4)+k(12+2)]
=1(10i —12j +14k)

=5i—6j+7k

=4/25+36+49 =+/110

axb

i) a=3i+2j—-2k and b=i-3j+4k
Sol: we have a=3i+2j-2k and b=i-3j+4k

ik
%(axb):%S 2 -2
1 -3 4

:%[i(8—6)— j(12+2)+k(—9—2)]
=1(2i-14j+11k)

=i-7j+5.5k

axb

=/1+49+30.25 = /80.25

Exercise 3.6 47

1 21
bcxa=[0 -1 4

3 0 2

=1(-2-0)-2(0-12)+1(0+3)

=-2+24+3=25......... 2

0 -1 4
abxc=[3 0 2
1 2 1
=0(0-4)+1(3-2)+4(6-0)
=0+1+24=25.......... ?)

From equations (1), (2) and (3) we get
abxc=bcxa=caxb

Now to show that @bxc=—Cxba

LHS abxc=Dbxc.a using dot is commutative
ab=ba

abxc=-cxba Using bxc=-cxb

Exercise 3.6

Q1 Prove theorem 3 of section 3.27

i.e., Leti,j and k be the unit vectors.

Prove that

a). i.jxk=jkxi=kixj=1

Sol: we have to provei.jxk = jkxi=kix j=1

i.jxk=ii=1 using jxk=i
jkxi=j.j=1 using kxi=j
kixj=kk=1 using ix j=k

Q4. Verify that the triple product of a=i-jb=j-k
and c=k—i is zero
Sol: we have 5=i—j,5=j—k and c=k—i
1 -1 0
abxc=[0 1 -
-1 0 1
=1(1-0)+1(0-1)+0(0+1)
=1-1+0=0

b). ikxj=jixk=k.jxi=-1

Sol: we have to prove ikx j= jixk=k.jxi=-1
ikxj=i(-)=-1
jixk=j.(-j)=-1
k.jxi=k.(-k)=-1

using kx j=-i
using ixk =—j

using jxi=-k

Q2. Find the volume of the parallelepiped whose edges
are represented by
a=3i+j-k,b=2i-3j+k,c=i-3j-4k

Sol: volume of the parallelepiped

3 1 -1
abxc=[2 -3 1

1 -3 -4
=3(12+3)-1(-8-1)-1(-6+3)
=45+9+3=57

Q3. For the vectors
a=3i+2k,b=i+2j+k,c=—j+4k
Verify that abxc=bcxa=c.axb but abxc=-cxbha
Sol: we have a=3i+2k,b=i+2j+k,c=—j+4k
3 0 2
abxc=1 2 1
0 -1 4
=3(8+1)-0(4-0)+2(-1+0)

Q5. Find the value of c so that the vectors
a=ci+j+kb=i+cj+k,c=i+j+ck are coplanar.
Sol: If the points are coplanar then abxc=0

c 11

Either or
c-1=0 c+2=0
c=1 c=-2

Be the required values of c.

Q6. Let a=aji+a,j+ak and b=Dbi+b,j+bk Find
axb and prove that
Sol: we have a=aji+a,j+ak and b=hi+b,j+bk

i j kK
Now  axb=|a, a, a,

by b, b

zi(azb3_a3bz)_j(aibs_asb1)+k(a1b2_azb1)

i). axb is orthogonal to both a and b (use dot

product)
Sol: we have a=aji+a,j+ak and b=hi+b,j+bk
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axb :i(azbs _asbz)_ j(a1b3 _asb1)+k(aib2 - Zbl)
Now
a.(axb) = ai(azbs _asbz)_az (aibs _asb1)+a3 (aibz _azbl)
=2a,a,b, —a,a;b, —a,a,b; —a,a;b +a,ab, —a;a,b
= aiazbz - azaiba _a1a3b2 + asaibz - 2a3b1 _asazbl =0
So a isorthogonal to axb Now
b.(aXb) = bl(azbs _aabz)_bz (a'.lb3 _a‘3b1)+b3 (aibz _azb1)
=ba,b, —ba,b, —b,ab, —b,a;b +b,a,b, —b,ab,
=ha,b, —b,a,b, —bab, —b,ab, —b,ab, +bab, =0
So b isorthogonal to axb
ii). Find [axb|’
Sol: we have a=aji+a,j+ak and b=hji+b,j+bk
axb=i(ab, —asb,)— j(ab; —ab )+k(ah, —ah)
|aXb|2 =(a,b, —ab, )2 +(ab, _a3b1)2 +(ab, _azb1)2
laxb|” = aZb? +aZb? — 2a,b,a,b, +a’h? +aZh?
_2a1b3a3bl + a12b22 + agblz - 2a1b2a2bl
iii). Find [ab b’
Sol: we have a=aji+a,j+ak and b=hji+b,j+bk
ab=ab +a,b, +ab,
|lab|® = (ab, +a,b, +ab,)’
|a* =a? +a2 +85 g o =b? +b? + b2
iv). Show that |a><b|2 =(a.a)(b.b)—(a.b)2
Sol: we have a=aji+a,j+ak and b=hji+b,j+bk
taking RHS (a.a)(b.b)—(a.b)2

= (af +af +al)(b +b} +b5)—(ap; +a,b, +ah,)’
=a’b} +aZb’ +alb? +a’bl +a’h? +a’bl +a’b? +albl +a’b’
_a12b12 _a22b22 - aszbsz _2a1b1a2b2 —2a2b2a3b3 _231b1a3b3
=a;b +ash’ +a'h; +azh; +afb; +a;b;

—-2aba,b, —2a,b,ab, —2aban,.......... (h)

Now taking LHS

axb=i(ab,—a;b,)- j(ab, —ab, )+k(ab, —ab,)
|a><b|2 = (azb3 _asbz )2 +(a1b3 _aebl)z +(a1b2 _a2b1)2
laxb|" = aZb? +aZb? —2a,b,ab, +a’b? +aZh?
—2abab +a’h? +a’h’ —2ab,ab,..... 2

From (1) and (2) we get the required result.

Q7 Do points (4,-2,1), (5,1,6), (2,2,-5) and (3,5,0) lie in a plane?
Sol: Let A(4,-2,1), B(5,1,6), C(2,2,-5) and D(3,5,0)
a=AB=B-A=(516)-(4,-21)=(135)
b=AC=C-A=(22-5)-(4,-21)=(-2,4,-6)
c=AD=D-A=(350)-(4,-21)=(-17,-1)

If the points are coplanar then abxc=0

2 2
lal

1 3 5
abxc=[-2 4 -6

-1 7 -1
=1(-4+42)-3(2-6)+5(-14+4)
=38+12-50
=50-50=0

so all the points are coplanar.
Q8. For what values of c the following vectors are coplanar?

i) u=i+2j+3k,v=2i-3j+4k,w=3i+ j+ck

Exercise 3.6 48
Sol: if u,v,w are coplanar then uvxw=0
1 2 3
uvxw=|2 -3 4/=0
3 1 c

=1(-3c-4)-2(2c-12)+3(2+9)=0
= -3c+4-4c+24+33=0
=53-7c=0

— 53
=Cc==

i) u=i+j-kyv=i-2j+k,w=ci+ j—ck
Sol: if u,v,w are coplanar then uvxw=0

1 1 -1
uvxw=[1 -2 1|=0
c 1 -c

=1(2c-1)-1(-c—c)-1(1+2c)=0
=2c-1+2c-1-2c=0
=2c-2=0

=c=1

i), u=i+ j+2k,v=2i+3j+k,w=ci+2j+6k
Sol: if u,v,w are coplanar then uvxw=0
11 2
uvxw=[2 3 1/=0
c 2 6
=1(18-2)-1(12-c)+2(4-3c)=0
=16-12+c+8-6c=0
=12-5c=0
=>c=%2

Q9. Find the value of tetrahedron with the following.
a). Vectors as coterminous edges
Sol: a=i+2j+3k,b=4i+5j+6k,c=7j+8k

Volume of tetrahedron=£(abxc)

=1[1(40-42)-2(32-0)+3(28-0)]

=1[1(-2)-2(32)+3(28)]
=1[-2-64+84]=L=3

b). Points A(2,3,1), B(-1,-2,0) C(0,2,-5), D(0,1,-2) as vertices
Sol: Let A(2,3,1), B(-1,-2,0) C(0,2,-5), D(0,1,-2)
a=AB=B-A=(-1-2,0)-(2,31)=(-3,-5-1)
b=AC=C-A=(0,25)-(231)=(-2,-1-6)
c=AD=D-A=(01-2)-(231)=(-2,-2,-3)

Volume of tetrahedron= %(Q.Bxé)

-3 5 -1
=%—2 -1 -6
2 -2 -3

=3[-3(3-12)+5(6-12)-1(4-2)]
=#[-3(-9)+5(-6)-1(2)]
=1[27-30-2]==

Volume can not be negative so
Volume of tetrahedron=2 cubic units
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