Chapter: 23. SCALAR, OR DOT, PRODUCT OF VECTORS
Exercise : 23

Question: 1

Find i)

b = 3i—4j— 2k

ib = (-2 + k.31 —4j - 28

I
pl
ol

=1 x3)+(-2x —4) +(1x -2}
> 3b=3+8-2=9

Ansip = 9

i)

=1+ 2] +3k

b = 0i—2] + 4k

b = (i + 2+ 3Kk).(0i 2] + 4k)

=3b = (1/X0) + (2 x —2) + (3.4 4)

b = 31 + 0j— 2k

=}

ab = (i—j + 5k).(31 + 0] — 2k)
23b=(1x3)+(-1x0) +(5x 2)
23b =3-0-10= -7

Anst=3p = -7

Question: 2

Solution:

i

A=2i4+A+k

b = 1i-2j+ 3k

Since these two vectors are perpendicular,their dot product is zero.
s - N LS

= a.b = |a||bJcosb = |.1||b|cos; =0

- db =2+ A + K.(i—-2j+ 3K =0
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d=3-7+ 4k
b = —A+ 3j + 3k

Since these two vectors are perpendicular,their dot product is zero.

= d.b = |3]|bJcos® = [d]|b]cos

(=28}

U
ol

= (31—] + 4k).(
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b = 3i—2j +

= 3b = (21 + 4] - K).(
= 3ib =

- 3ib=-A+6-8=20
= -2 = A

= A= -2

Ans:A=-2

iv)

a =3+ 2j—5k

=2
Il

—5j + 2k

Since these two vectors are perpendicular,their dot product is zero.
] I ] R
= d.b = |d||blcosb = |a||b|cos§ =0

= 3.b = (31 + 2] - 5k).(-5] + Ak) = 0
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(B3x0)+(@2x-5+(-5x1)=0 CLASS24

= db=-5A+0-10 =0

= —10 = BA
o2,

= A= e =

Ans: A =-2

Question: 3

Solution:

Rl
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+
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[
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i‘q"

b=31-j+ 2k

- d+Db =6 +2j-8k
i-b=5i-j-3k-(i+ 3j

- 3-Db = 4i—4j + 2k

Now (3 + D).(3—Db) = (6i + 2j—8k).(4i— 4] + 2k)
=(6x4)+(2x-4)+(-8x2)=24-8-16=0

Since the dot product of these two vectors is 0,the vector (a + b) is perpendicularto (a -b )

Hence,proved that (E'l- + B) and (;l. - E) are orthogonal.

Question: 4

If3 — i—7+ 7k

b =51-j+ Ak




G+b)=i-j+ 7k +51—7+ Ak CLASS?24

—

=>3d4+b=6i—-2]+ (7 +Nk
i-b=1—]+ 7k—(5i—j + Ak)
= 3d-b=—4i + 0] + (7- Ak

Now (3 + b).(A-b) = (6i—2] + (7 + AK).(~4i + 0] + (7 -1k

Since these two vectors are orthogonal,their dot product is zero.

SEx-4)+(-2x0)+((7+A)=x(7-A))=0=>-24+0+(49-27) =0

=2a%=25
= A=4%5
Ans: A = x5

Question: 5
Solution:

Let,

L 1 -
a-= 7(21 + 3] + 6k}
o1
b = ?(31—6] + 2k)
I iy A
c = ;(61 + 2j —3k)

Al = Ipl = Iél = 1

We have to show that:3 = .2 — 3¢ = 0

L.H.S.

ib = l(:zi + 3] + 51“;)1(31—13; + 2k)— Lio- 18 + 12) = 0

v T 7 - 49

b.¢ = 1(3%6} + Zﬁ),l(fﬁ +2j-3Kk) = Las 126 -0
7 7 49

Wl

¢ 1(2‘ 3 + 6k) 1(6' 2j - 3k) Y216 18) = 0
=21+ 3] 4 (61 + 2 —49( J =
=R.H.5.

Hence,showed that vectors are mutually perpendicular unit vectors.
Question: 6

Letd = (4i + 51 —k)

b= (i-4j + 5k)

= (3i +]-k)

i

Letd = pi + qj + rk
the vector(_i which is perpendicular to both 5 and B
2di=db=0

(pi + qf + rk).(41 + 5—-k) = 0



=iy = 0 CLASS24
(pi + qj + rk).(i—4j + sk) = 0

p—4q + 5r = 0...(2)

dc=

(pi + qj + k). (31 + j— k) =

=23p+q-r=21..(3)

Solving equations 1,2,3 simultaneously we get

p=7q=-7r=-7

.'.ﬁ:pi+qi+rk 7i— —7§=7(T—T—E)

Ansid = 7(1-7-k)

Question: 7
Leti = (21 + 3j + 2k)

=ﬁ+m+m

Projection o
Projection of h ¢
Ans: i)SL!E
3

i) 1017

17
Question: 8
Find the projecti

Solution:

Let,
= (81 +7)

b =(+2j—-2k

bl=viZ+ 22+ 22 =JyI + 4+ 4 =149 =3

". The projection of (81 + jJon (i + 2] — ZR]

k
isi( 8i + J)1+21 Zk _8+2+0 _ 10

3 3

Ans:10/3




Question: 9

CLASS24

Solution:

Let,

i=(@0+j+k

b = (j)
Bl=VoZ + 12 ¥ 02 = V1 — 1
-_b

TSI

. The projection of (I + j + k)on (j)
is:(i +§ + K).(G) =1

Ans:1l

Question: 10

Solution:

b = (2i + 6] + 3k)

.. The projection of 1 + jon (1—7)

- - ~y 1] 1-1
is: (1 + ]).I—J;_ = 5-0
Ans: 0

Question: 11

Solution:

Da=i-2j+3k and b=3i-2j-k
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G=m+3 CLASS24

b=(@3i—2]+k

Rl=/17+ (—2)7+ 32 =yI + 4 + 9 = V14

bl= /32 + (—2)2+ 12 =9+ 4+ 1 = V14

We know that,

i.b = |dl|b|cose

=(i—2j + 3k)(3i - 2j + k) = V14V14cos0
= (3 + 4 +3) = 14cos0

= cos0=10/14

= cos@=5/7

=0 =cos (5/7)

Ans: 8 = cos " 1(5/7)

ii]5=3i+j+2ﬁ and b

i=

b = (21— 2j

[l =

o] =

We know

ib = |a||

= (31 4]+ m'fﬁm\
=(6-2+8)= ‘

= cosB = 12/V336
= cosB = /(144 /336)
=0 =cos "W (3/7)

Ans: @ = cos ~ W (3/7)

iii._a-:i—jandB:_-j+1—{_

Ans:
i=(-9
b=(+k

Al=/1+ (-1)?=VvI+ 1 =+2

bl=/1)2+ 12 = yT + 1 = V2
We know that,

ib = |3l[b|cost

=([i-7D( + k) = v2V2cos06

=[(-1) =2 cosb




=cosf=-1/2
o 12 CLASS24
=0=120°

Ans: 8 =120°

Question: 12

If5 = (i + 2j-3k)

= (3i—j + 2k)
a+2b=(i+27-3k) +203 -7+ 2k) =71+ k
24+ b = 2(1 + 2j—3k) + (3i—j + 2k) = 51 + 3j— 4k

I3+ 2bl=/72 + (1) = V39 + 1 = V50

22 + bl =57 + (3)2 + (—4)2 = V25 + 9 + 16 = V50
We know that,
= |§E|B|c056
= (71 + k)(51 + 3j=4k) = V50y50c0s8
= (35-4) =50 cosB
= cosB=31/50
=0 =cos 1(31/50)
Ans: 8 =cos "1(31/50)
Question: 13
If Ifg is a unit vector
=[] =1
=>(X-3d).F+3d) =
=[x|z-[a]?=8
>FE2=8+1=09
=[X] =3
Ans: [X| =3
Question: 14
Solution:
Ifwe have a vector d = af + bj + ck

-1 .
Jat+blsel

then the angle with the x - axis=Q = C0s

_ b

the angle with the y - axis =3 = cos 1 —_—
Jat +b* 4+

_ c

the angle with the z - axis =Y = (0s ! —_—

Jat+b?+c*

l-Iere,_...S 6.4 2 ~
d ]

=

vaz + b =32+ (-6)2+22 =9+ 36 +4 =149 =7



then the angle with the x-axis=a = cus_lt,ﬁ = cos‘lg CLAssz4

_ b -6
the angle with the y-axis = = cos ™ !——— = cos 17

vaZ +b% +c?

. . —1 c —12
the angle with the z - axis =y = (08" ————= = €05 "=
vat+br+ e T
Ans:
3 -6 2
cos'—,cos'—,cos =
7 7 7

Question: 15

Solution:

Ifwe have a vector 3 = ai + bj + CR

1 a

1 b

Jat + b+ 2

then the angle with the x - axis= @ = 08"

the angle with the y - axis = = cos™

1 c

the angle with thez-axis=Yy = €08 =~ ———
vas +b"+c

Here,d =1 +j+ k

Ja2 + b2 +c2s JI2+ (12 + 12 =31 +1+1=+3

. . — a 1 1
then the angle with the x - axis=« = cos ! ———— = cos™! =
vas +b-+e- v3
o . . b —5
the angle with they -axis = = 057 ———= = 05" ' =
var +b® +ct \ 3
] . - c —q 4l
the angle with the z- axis=y = cos '-———— = cos*
ya®+b +¢° V3

Now since
e=pB=y

.. the vector 5 = ( ; N ] 4 l{) is equally inclined to the coordinate axes.
Hence,proved.

Question: 16

Solution:

3] = 5v2

l=cosa=cosm/4=1/v2

m=cos B=cos/2=0

n = cosB

we know that

P+m?+n2=1
| SO
= — +0°+n” =1
V2
1
=sn =1—c



- =3 CLASS24

= n = +t—
2

since the vector makes an acute angle with the z axis
n =+ %

~.d = [3|(7 + m + nk)
CL3 =5V2(1/V20 +1/42K)
Ld=50+K

Ans:3 =50 + k)

Question: 17

Solution:
i=(2i—j+ 3k

b = (3i

wl
+
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Il

Ans: 0 =w/2
Question: 18

Solution:

i
Il
[
e
=2}
j=%
|
(=]

=b.3=b.(@ + d)

(G +j+K).(61-3]—6k) = B.AD + 0




26-3-6 = 1(|B'|2) = 32 CLASS24

=A=-1
¢=ab=-1(1+j+k)=—-(+]+Kk)

—C¢+d

=418

=(6i-3j-6k) = (i+j+ k) +d
d = 71— 2j -5k

2d=¢+d

U
Wl
Il

-(i+j+k)+ (7i—2j-5k)
Ans:F = —(1+ 7+ k) + (71— 2]—5Kk)

Question: 19

Solution:

@ +D).(E-D) = 1@°7 +

~FEE- B - 1Al +

=312 + [b)? + 213

=237 + 57+ 2 x%x 3 x¢
=2 % 3 % 5cos8 = 49

=30cos0 = 15
Scosh = 2 =2

2
=20 = cos“i = 60°
Ans: 8 =600 =2

3
Question: 21
Solution:
i)
We know that,

ib = ]5||ﬁ|cosB




=243 = 2 x 1cosH CI-ASS24

=/3 = 2cosH

= cos® = V3/2

=8 = cos "1(v3/2) = 30° =§
Ans: 0 = cos " 1(v3/2) =30° ="
i)

We know that,

ib = ]5||E]CUSG

V2 x \2cos0

= —1 = 2cosH

-1

= cosB =-1/2

=0 =cos !(-1/2) =120

Ans: 8 =cos "1(-1/2) =

Question: 22

If We know th

Question: 23

G + B3 -b) =8
s@P-of =8

= (8ls]y - [b]" = 8
=645 ~ b =8

— 2
=63|b| = 8

v
=
I

Gle

Gle




Ans: 3| = BJ:%_IEI = E CLAss24
Question: 24

If R.H.S:

(0a+5p) = i(\llalz + 15" + 21a|bcose)

= (WIT+ 12 + 2 X 1 X 1cosB

i‘i(\fl + 1 + 2cosB

= 2 + Zcos@
4

- 2(1+cosB]
4

=
2z

= ’

V1+ 1-2cos8
V1+ 1+ 2cos0

=

=tand/2 =L.H.S

Hence,proved.

Question: 25

Solution:

Let the unknown vectorbe:3 = ai + bj + ck
“(ai + bj + ck).(i+j-3k) =0

=a+b-3c=0..1)




~(ai + bj + ck).(i +3j—2k) =5

= a+3b-2c=

5 ..(2)

~ (al + bj + ck).(21 + 7 + 4k) = 8
=2a+b+4c=8..(3)

Solving equations 1 ,2,3, simultanecusly we get:

a=1b=2c=1

Ta=1+ 21+

k

Ans:ﬁ:1+2i+}}

Question: 26

IfAB = B—A = 3i—j

2B —(0i—2j —

+
]
=

~

=B = (0i—2]—k) + 31— + 2k

—

2B =3i—-3+k

S.B(3.-3.1)
Ans: B(3, - 3,1)
Question: 27

Solution:

=l
Il

21 + 3] +

[==I
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31 + 6] +

4k

50 + 4)— k

2k

D=1+ 2]+ 0k

B -F-4-
-5 -

AB.CD = (3i +
Hence, AR | CD
Question: 28

Solution:

=118

5i+4j—k —(2i 4+ 3] + 4k) = 3i + {5k
i+ 2) + 0k — (31 + &) + 2k) = —21—4j—2k

j—5k).(-2i—4j-2k) = ~6-4 + 10 = 0

=2+ Aj + 3k

b = 3i + 2j— 4k

Since these twao vectors are perpendicular, their dot productis zero.

— — — m
= a.b = |d]||b|cosb = |Ei||b|cos§ =0
S ab=(2+A+3k.31+21-4k) =0

= 3b = (2 x

3)+(Ax2)+(3x-4)=0

CLASS24



—db=-6+2A-12 =0 CLASS24

=

o
I
)
]

= A

Ans: A = 3
Question: 29

Solution:

41

—3i-2j+k

Bl =vV4+ 1+ 16
8 acé
050 = —= =
[alle]

Hence, the tria
Question:

Solution:

i=0i—j
b= 3i
¢ = 51
|AB] =
[BC| =
[c&| =
AB = B-A&
BC = C-B =5 +7 +k—(3 4k) = 21 + 6j— 3k
CA =A-C=0i—j—2k—(51+ 7] + k) = —5i—8]—3k
056 = §3:.B__C'. _ @Gz 6k).(2i + 6 —3k) _6+12-18
|AB]|BC| 7x7 49
.
CABC  (-51-83Kk).(21+6-3k) —10-48 + 9
O eAllme] 2 X 7 R
= I%I

0 == = 45°

4_




cosa — CAAB  (—5i—8j—3k).(31 + 2j + 6k) _ —15—16 + 18 CLASS24

[CAl[AB] ~ N2 X1 292

B -1
= lﬁl

8 =-=45°

Ans:45°,90°,45°

Question: 31

Solution:

Aa=1+2+ 3k
b= -i+0j+ 0k
¢=0i+7j+ 2k

|[AB] = V4 + 4 + 9 = V17
BEl=vi+1+4=+6
[cAl =vi+1+1 =43

AB=B-A=—1+0]+ 0k—(i+ 2] +3k) = —21-2] -3k

BC=C—B =0i + 1 +2k— (-1 + 0j + 0k) — i +j+ 2k
CA=A-C=i+2+3k—(0i +1j+2k)=i+j+k
AB.BC (-21—2)-38k).(i+j42k) /4 —2-2-6 —-10
cosB = —Eem— — = — = —F = I—Tff:
|AB||BC]| V17 x Ve V102 V102
-n _ _y 10
.8 = cos Nt

Ans:0 = cos—l% = £ABC
Question: 32
If|3] = |S| -1

I3 + b|2 = |32 + [B|® + 2I&l|b|cose

=3 =1+ 1+ 2cosb
=cosB=1/2
~ (23 5b).(33 + b) = 6[3]2 —s|p)" — 133.b

=(2d—5b).(33 + b) = 6—5—13[3]|bJcos® = 1—13 x 1 x 1 x (1/2)|

13 -11

=(2d-5b).(33 +Db) = 1-= =

2

Anst (55— 5b).(33 + b) = 2

Question: 33
If|3 + b| = 3]
2|3+ b)® = [&°

=13 + |b]* + 213I[b|cosd = ||



2 [6l = 2ldicoss CLASS24

NOW,
(24 + b).(b) = 24.b + [b|®

=(23 + b).(b) = 2[3||b|cosd + ((2I3]cosd)?)

=(23 + b).(b) = 2[7|(~2lF|cos6)cosd + ((2|F|cos6)?) = 0

Hence. (53 + 5) 1 (B)
Question: 34

IfLetbi=candbz=d
d=(3-j

b = (2i +j—3k)
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