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

Exercise : 23

Question: 1
Find i)
i=i-2j+k
b = 31— 4j— 2k

ib = (I—-2] + B).(31—4 -2k

= 3D =(1x3)+(-2x —4) + (1 x-2)
- 3b=3+8-2=09
Ans:3h = 9
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=3ib=(1x%x3)+ (-1 x0) + (5 x —2)
=3b=3-0-10 = -7

Ans:=3p = —7

Question: 2

Find the value of

Solution:

i)

i=2+A+k

b =1i-2f+ 3k

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

- — — m
= 3a.b = |3||b|cosb = |§’||b|cos§ =0
=3b=QI+AN+k.(1-2+3k =0



S 3b=02x1D+Ax-2)+(1x3) =0

- 3b=2-21+3=0

= 5 = 2\
3 5
= )= -
2
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b= -2+ 3+ 3k

Since these two vectors are perpendicular,their dot product is zero.
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|a||b]cos® = |§||b|cos§ =0
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(B3i—j+4k).(—2A+3+3k =0

U
L
ol
I

B3x -+ (-1x3)+(4x3) =0

U
i
ol
|

=-3A\-3+12=0

1
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a=21+4-k
b = 31—2j + Ak

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

= 3B = |3||blcosd = |§||E|cosg -0

= 3b=(+4-k.61-21+ Ak =0

S 3b=(02x3)+@x-2D+(-1x1) =0
-3b=-A+6-8=0

= —2 = A

= A= -2

Ans: A =-2

iv)
i=31+ 25k
b = —5§ + Ak

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

= = . T
= a.b = |3d||bJcosd = |§||b|cos§ =0
= 3b = (31 + 2] —5k).(-5] + Ak) = 0



S 3b=0Bx0+@2x -5+ (-5x21) =0

= 3ab=-5A+0-10 =0

= —10 = 5A
— 2
= - — = _
5
Ans: A =-2

Question: 3
i. If
Solution:

i)

i=1+2j—3k

=i}
|

317 + 2k

b =1+ 2j—3k + 31—7 + 2k

sl
o+

S3i+b=4+j-k

i-b =1+ 2j—-3k—(3i—-] + 2B

= 3—b = —2i + 3j—5k

Now (3 + b).(3—b) = (41 + j—K).(—2i + 3j—5k)
=@Ax-2)+(1x3)+(-1x-5=-8+3+5=0

Since the dot product of these two vectors is 0,the vector (.a + b) is perpendicular to (5 -b )

Hence,proved.

ii)

i-b = 5i—-j-3k—(1+ 3—-5k
= 3-b = 4i—4j + 2k

Now (3 + b).(3—b) = (61 + 2j —8K). (41— 4j + 2k)
=(6Xx4)+(2x-4)+(-8x2)=24-8-16=0

Since the dot product of these two vectors is 0,the vector (a + b) is perpendicular to (5 -b )

Hence,proved that (5 +b ) and (5 — b) are orthogonal.

Question: 4
If3 =1—7+ 7k

-

b = 51— + Ak



G+b)=1i—-]+ 7k + 51—] + Ak

[—

= 3+b=61—2]+ (7 + Nk

i-b=1-7+ 7k—(5i—7 + Ak

= 3—b = —4i + 0 + (7— Wk

Now (3 + b).(3—b) = (6i—2] + (7 + NK).(—41 + 0] + (7—N)k)
Since these two vectors are orthogonal,their dot product is zero.

=6X-4)+(-2x0)+((7+2)x(7-0))=0=-24+0+(49-22)=0

=22 =25
=A=1%5
Ans: A = 5

Question: 5
Show that the vec
Solution:

Let,
- 1 . -~
a= ?(21 + 3] + 6k)

— 1 ~
b= (31— 6 +2K)

I
Il

1 .
= (61 + 2 -3K)
3l =l =E=1

We have to show that :3p = b.2 = 3.6 = 0

L.H.S.

ib = 1(2’1‘ +3j + 6R).3(3’1‘—6j + 2k) = L6—18+12) = 0
7 7 49

b.t = E(3’1‘—6]‘ + 21&}.3(6'1‘ + 2j—3k) = L s—12-6) = 0
7 7 49

it = 1(2’1‘ + 3] + 6R).3(6f + 2j-3k) = i(12 +6-18) = 0
7 7 49

= RH.S.

Hence,showed that vectors are mutually perpendicular unit vectors.

Question: 6
Leti = (41 + 5 —k)

b = (i—4j

+
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Letd = pi + qj + rk
the vectorq which is perpendicular to both 7 and b,
=d3i=db=0

(pi + qf + 1k).(41 + 5j—k) = 0



= 4p + 5g—r = 0...(1)

(pt + qj + rk).(i—4j + 5k) =

p—4q + 5r = 0...(2)

d.c=

(pi + qf + rk).(31 + - k) =

=3p+q—-1r =21..(3)

Solving equations 1,2,3 simultaneously we get

p=7q9q=-7r=-7
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Question: 7
Let3 = (21 + 3f + 2k)

=({+2]+k

dAl=v2Z +32 + 22 =3+ 9 + 4 =17

bl=viZ+ 22+ 12 =yI+4+1=16

— =
|b| V6
. : =L e i+2j +k 24642 10 56
Projection of onbisab = (2i + 3f + 2k).=—=% == =
VB VB 3
; ; = . T 21+ 3j +2k 2+6+2 10 10417
Projection of hon3ishi = (1 + 2] + ]{} ! — - = —= = v
17 v17 v17 17
Ans: i) 2¥€
3
10417

ii)

17

Question: 8
Find the projecti
Solution:

Let,

wl

= (8 +17)

b =(1+2j—2k

bl=viZ+22 + 22 =yI ¥4 + 4=

<

)
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. The projection of (8i + j)on (i + 2j — 2k)

i+ 2 2k 2+2+0 10
is:( 81 + 7). J — =

Ans:10/3



Question: 9
Write the project
Solution:

Let,

i=((+j+k

<. The projection of (i + j + k)on ( §)
iss(i+7+ k.G =1

Ans:1

Question: 10

i. Find the proje

Solution:

Db = (2i + 6j + 3k)

bl=v2Z + 62 + 32 = V& + 36 + 9 = V49 = 7

Projection of z on {,
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ANS:8/7

ii) Sol:

Let,
a=(>(+79

b= (-7

bl=/12 ¥ (—1)2=VI+1=+2

Ans: 0
Question: 11
Find the angle be

Solution:

)a=i-2j+3k and b=3i-2j+k



i= (-2 +3k

—

b=(31-2] + k)

N

Bl=y12+ (—2)2+ 32 =y + 2+ 9

Il
-

bl=/32+ (—2)7+ 12 =9 + 4 + 1 = V14
We know that,

ib = |§||E|cos(-}

=(1—2j + 3k)(31— 2] + k) = V14 14cosO

= (3 4+ 4+ 3) = 14cosH

= cosO = 10/14

= cosB = 5/7

=0 = cos " 1(5/7)

Ans: 0 = cos " 1(5/7)

i) g=3i+j+2k and b =2{—2j+4k

= (31 +7 + 2k)

il

b = (2i—2j + 4k)

Bl=3Z+ (2 +22 =9+ 1+ 4=+14

bl=22 + (—2)7 + £ = V& + 4 + 16 = 24
We know that ,

ib = |3I[b|cose

= (31 + ] + 2k)(21— 2] + 4k) = V14V24cos0

= (6 -2 + 8) = V336 cosb

= cosO = 12/V336

= cosO = v(144/336)

=0 = cos "1V (3/7)

Ans: 0 = cos "1V (3/7)

fii. 3 =i—jand h=j+k

Ans:
a= (-9
b=(G+5K

Bl=/1Z+ (-2 =yI+1=+2

bl = JOT+ 12 =T +1 =12
We know that,

ib = |3I[b|cose

=({1-D{ + k) = V2V2coso

=(-1)=2cosb



= cosO =-1/2
=0=cos 1-1/2
=0 =120°

Ans: 6 = 120°
Question: 12

If3 = (i + 2] —3k)

i+2b=(1+2-3k) +2B—-j+2k) =71 +k
23 +b = 2(1 + 2j-3Kk) + (3i—j + 2k) = 5i + 3j—4k

3+ 2bl=y72 ¥ ()2 = V39 + 1 = V50

123 + bl = /52 + (3)2 + (—4)2 = V25 + 9 + 16 = V50
We know that,

ab = |3|[b|cose

= (71 + k)(51 + 37— 4k) = V50\/50c0s8

= (35-4) = 50 cosB

= cosB = 31/50

=0 = cos ~1(31/50)

Ans: 6 = cos “1(31/50)

Question: 13

If If 5 is a unit vector

—

=(X—3d).(X+3d =8
= R*-[@*=8

=F%=8+1=9

Ans: | =3

Question: 14

Find the angles w

Solution:

If we have a vector 3 = af + bj + ck

. . — a
then the angle with the x - axis = & = 0§ ' ——
vaZ+bZ+c?
1

the angle with they - axis = f = 08 " ——
glewi y xl B va® +b% +c?

1

i -axis =y = €08 ———
the angle with the z - axis =Yy T ic

Here, 3 = 31 - 6] + 2k

Va2 + b2+ c2 = /32 + (=6)2 + 22 = V9 + 36 + 4 = /49 = 7



. . _ a _13
then the angle with the x - axis = @ = c0s™'—— = cos !>
va®+b%+c? 7

. . _ b _1-6
the angle with the y - axis = = cos™'———— = cos™!—
vaZ +b% +c? 7
. . - [+ 12
the angle with the z - axis = y = c0s ™' ———=—= = cos™'=
Va2 +b? +c2 7
Ans:
3 —6
cos™1=,cos™t—,cos71=
7 7 7

Question: 15

Show that the vec

Solution:

If we have a vector 3 = af + bj + ck

. . — a
then the angle with the x - axis = ¢ = 0§~ ——
vaZ+bZ+c?
1

the angle with they - axis = f = 08 " ——
glewi y xl B va® +b% +c?

1

i - iS = = (0§ ~ —
the angle with the z - axis =Y T ic

Here,3 =i+ + k

Ja2+b2+c2= 12+ (1)2+12=V1I+1+1=13

. . _ 11
then the angle with the x - axis = « = cos™ = cos 1=
vaZ+b?+c? V3
. . _ b 41
the angle with the y - axis = = cos™'———— = cos™!—=
Va2 +b? +c2 v 3
. . _ 11
the angle with the z - axis =y = cos™'———— = cos™!—=
vaZ+b? +¢? V3

Now since,q = B =y

~ ~

.. the vector a = (i +j+k) is equally inclined to the coordinate axes.

Hence,proved.

Question: 16

Find a vector

Solution:

Al = 5v2
l=cosa=cosmn/4 =1/V2
m=cosB=cosm/2=0
n = cos0

we know that

2+m?2+n2=1

12
= = +0°+n*=1
V2
1
2
=n =1—c
2



3 =3 + mj + nk)

3 = 5V2(1/V2i + 1V2R)

Ans:3=5G + k)
Question: 17
Find the angle be

Solution:

= (21— + 3k)

il

o=l

+j + 2k)

= (31 +]
+b = (20— +3k) + (31 +j+ 2k) = 51 + 5k

wl

i-b=(21-j+3k)-(3i+j+2k) = -i-2j+k

i+ bl=/52 + (5)2 =25 + 25 = 50

E-bl=/(CD)? + (22 + ()2 =VIi+4+1=16
We know that,

ib = |§||E|c058

= (51 + 5k)(—i—2j + k) = V50vV6cosb

= (-5 + 5) =,/3p0c0s6

= cosO =0

=0 = cos " 1(0) = /2

Ans: 0 = 11/2

Question: 18

Express the vecto

Solution:
i = (61— 3j—6k)

b=(+j+k

=il
I
=
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I
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=3i=—-(1+]+k)+ (71-21-5k)
Ans:3 = —(i +7+ k) + (71— 2j— 5k)

Question: 19

Prove that

Solution:

(3+Db).(E=b) = A7 + [b]
- 2 = —, 2

=1312—|b| = I3 + |b]

=[o] = 0

Which is not possible hence
(@ L (b)
Question: 20

fi+b+2e=0

=3 +b=—¢

=(F3+Db).3+Db)=-¢-¢

= |22 B2 211h _ |72
|a]® + |b]* + 2|3]||b|cosb = ||

=32 + 52+ 2 x 3 x5cos8 = 77
=2 x 3 x 5c0s8 = 49-9-25
= 30cosB = 15

15

1
=cosh = ==
30 2

=0 = cos‘lg = 60°
Ans:8 = 60° = g

Question: 21
Find the angle be
Solution:

i)

We know that,

ib = |§||E|cos(-}



=43 = 2 x 1cosh
=3 = 2cos0
= cosO = V3/2

=0 = cos " 1(v3/2) = 30° =E
Ans: 0 = cos " }(v3/2) = 30° =E
ii)

We know that ,

ib = |§||E|cos(-}

= —1 = V2 x y2cosB

= —1 = 2cosB

= cosO =-1/2

=0 =cos 1(-1/2) = 1200=23_“

Ans: 0 = cos " 1(-1/2) = 120° = 23_“
Question: 22

If We know that ,

ib = |§||E|cos(-}

=4 = 2 x 3cosB

=4 = 6cosb

= cosO = 4/6

= cosB = 2/3

=E_E|2 = [3]* + |E|2_2|§IIEICOSB
=Ja-b? =22 + 37— (2x 2% 3) x 2
=la-b2=4+9-8=5
=Ja-bl = V&

Ans: V5

Question: 23

IfG +b)(3-b)=8

— —y 2
= 8[b))2-[p|" = 8
= 64[b| — 6] = 8

—y 2
=63[b| = 8

&lw



Ans: 3] = g\lgylgl — Jg

Question: 24

IfR.H.S:

()(1a+ 61) = 213k + [B]° + 21a1[5|cose

=§(¥f12 + 12 + 2 x 1 X 1cosB

=§(\fl + 1 + 2cos8

= |2+ ZcosB

= |2(1+cosB)

— |(1+cosB

=

=

o

b b -
r | @ -

= cosg = L.H.S
Hence, proved
i)

RH.S. = (&b

(1a+b])

I
JIa12 + | B-2/al[b|cose
=

I
JI812 + | B* + 213 [B|cose

= V1F+1*-2x1x1cos

Vv1T+ 12+ 2% 1% 1cosB

-
- Vi+ 1-2cosB

':
v1+ 1+ ZcosB

_ [1-cose
1+C0Se

J 8
= [tan? 3

= tan6/2 = L.H.S
Hence,proved.
Question: 25
The dot products
Solution:

-~

Let the unknown vector be: 3 = ai + bj + ck

-~

“o(al + bj + ck).(i+7-3k) =0

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



~ (al + bj + ck).(1 + 3]—2k) = &
=a+3b-2c=5..2)

~ (ai + bj + ck).(21 +7 + 4k) = 8
=2a+b+4c=28..3)

Solving equations 1 ,2,3, simultaneously we get:
a=1b=2c=1

“i=1+27+k

Ans:3 =i+ 2j+ k

sl

Question: 26
IfAB = B—A = 3i—j + 2k
=B-(0i—-2j—k) = 3i—j + 2k

-~

= (0i—-2j—-k) + 31—j + 2k

=

[=s1}

=B =3i-3] + k
. B(3,-3,1)

Ans: B(3, - 3,1)
Question: 27

If A(2, 3, 4), B(

Solution:

A =21+ 3j+ 4k

B =5 +4-k

C =3+ 6f + 2k

D=1+ 2]+ 0k

AB=B-A =51 +4j-k (20 +3) +4k) = 31 + j—5k

ol
il
Il

Hj:

i+ 2]+ 0k — (31 + 6] + 2k) = —21— 4§ —2k
AB.CD = (31 + j—5Kk).(—21—4f—2k) = -6—-4 + 10 = 0
Hence, AB | CD

Question: 28
Find the value of

Solution:

i=2i+ A+ 3k

=
Il
w

i+ 2j— 4k

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

- — — m
= 3a.b = |3||b|cosb = |§’||b|cos§ =0
= 3b=(21+A+3k.G+2—-4k =0
-3b=02x3)+Ax2)+(3Bx—-4=0



= 6 = 2%

A 6 3

= = — =
2

Ans: A = 3

Question: 29
Show that the vec

Solution:

il
Il
£
—
|
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El =vVo+4+1=+14
IZl = V& + 1+ 16 = V21
6 ic (-2 +k).(2i+j-4k) 6-2—4 0
Cos = = = = =
|2]1€] V1421 Vid/21

Hence, the triangle is a right angled triangle at c
Question: 30
Three vertices of

Solution:

0i—j— 2k

sl
Il

+ 4k

=i}
|

31 +

[e—4

(7%

=51+ 7+ k

|AB| = V9 + 4 + 36 =

3]

V49 = 7

|BE| = v& + 36 + 9 = Va9 = 7

A

|CA| = V25 + 64 + 9 = \98 = 7y

A

03]

AB=B-A=231+]+4k—(0i—j—2k) = 31 + 2f + 6k
BE=C-B=5+7 +k—(31+j+4k) =21 + 6/ 3k
CA=A-C=0i—j—2k—(51 + 7j + k) = —5i— 8] — 3k
5 AB.BC (31 +2j + 6k).(2i + 6j—3k) 6 + 1218
cos = —_— = ES
|aB||BC| 7 x7 49
. ks
.0 =7
CA.BC  (-5i—8j—3k).(21 + 6j—3k) —10—48 + 9
COS0 = ———— = =
|ca||Bc| N2 x 7 4942
-1
= IEI

'.9:2:450



Cosd =

CAAB  (-5i—8/—3Kk).(31+2j + 6k) —15—-16 + 18

[cA||aB| TNZ x 7 49y2

]

Gk

T

S0 =% = 450
4

Ans:45°,90°,45°

Question: 31

If the position v

Solution:

i=1+2)+ 3k
b = —1 + 0j + 0k
¢ =01 +7+ 2k

|AB| = v& + 4 + 9 = V17

BC| = VvIi+1+2=+6
[CAl =vi+1+1=+3

ABE=B-A=-1+0

-~

+ 0k—(i+ 2§ + 3k) = —21—2j—3k

Ny

BC=C—-B=0i+1j+2k—(—i+0j+0k) =1+j+ 2k

CA=A-C=1i+2/+3k—-(0i+1j+2k)=i+j+k

cosB = =

AB.BC  (-21-2j-3k).(i+j+2k) -2-2-6

|A_B}”R}| B \-’ﬁ b \,"'g \,'"ﬁ

— 10
6 = cos l,:
v 102

Ans:§ = cos—1 =L = ZABC

v 102

Question: 32

If13 = b =1

|3 + b|2 = |32 + |b|?> + 2[3||b|cos

=3 =1+ 1+ 2cosb

= cosb = 1/2

" (2d-5b).(33 + b) = 6/3]>—5[b| - 138.b

Ans: (23 -5b).(33 + b) =

—-11
2

Question: 33

If3 + b| = [3]

=3 + b|> = [d]

=32 + [b]? + 2/3|[b|cosd = [3]2

= 6—5—13|3||bJcosd = 1-13 x 1 x 1 x (1/2)]



= |l_5| = —2|a|cosh

NOW,

= 2|3|(—2]d|cosB)cosd + ((2]3]|cosB)?) = 0
Hence, (23 + b) 1 (b)
Question: 34

Ifletb;y =cand by =d
a=(3i—-9)

b= (21 +j-3k

= ¢13&d L3
Sb=¢t+d
¢=23&3.d=0
=3b=3.8+d

=(31-71.(21 +7-3k) =323+ 0
=6—1 = A(|3]*) = 104
=A=5/10 = 1/2



