Class XII Chapter 10 - Vector Algebra Maths

Represent graphically a displacement of 40 km, 30° east of north.

Answer
North Seal
A P Scale
10 ki
Wost - = East

0

 J
South

Here, vector OP represents the displacement of 40 km, 30° East of North.

Classify the following measures as scalars and vectors.

(i) 10 kg (ii) 2 metres north-west (iii) 40°

(iv) 40 watt (v) 107*° coulomb (vi) 20 m/s?

Answer

(i) 10 kg is a scalar quantity because it involves only magnitude.

(ii) 2 meters north-west is a vector quantity as it involves both magnitude and direction.
(iii) 40° is a scalar quantity as it involves only magnitude.

(iv) 40 watts is a scalar quantity as it involves only magnitude.

(v) 107 coulomb is a scalar quantity as it involves only magnitude.

(vi) 20 m/s? is a vector quantity as it involves magnitude as well as direction.

Classify the following as scalar and vector quantities.

(i) time period (ii) distance (iii) force
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(iv) velocity (v) work done

Answer

(i) Time period is a scalar quantity as it involves only magnitude.

(ii) Distance is a scalar quantity as it involves only magnitude.

(iii) Force is a vector quantity as it involves both magnitude and direction.

(iv) Velocity is a vector quantity as it involves both magnitude as well as direction.

(v) Work done is a scalar quantity as it involves only magnitude.

In Figure, identify the following vectors.

i

Y

(i) Coinitial (ii) Equal (iii) Collinear but not equal

Answer
(i) Vectors a and d are coinitial because they have the same initial point.

(ii) Vectors b and c?are equal because they have the same magnitude and direction.

(iii) Vectorsa and ¢ are collinear but not equal. This is because although they are

parallel, their directions are not the same.

Answer the following as true or false.

(i) @ and —d are collinear.

(ii) Two collinear vectors are always equal in magnitude.

(iii) Two vectors having same magnitude are collinear.

(iv) Two collinear vectors having the same magnitude are equal.
Answer

(i) True.
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Vectors a and —d are parallel to the same line.

(ii) False.

Collinear vectors are those vectors that are parallel to the same line.
(iii) False.
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Exercise 10.2

Question 1:

Compute the magnitude of the following vectors:

—_—

E=f+.}'+£;: 5:2;'—?.}'—3!5?; C=—fpi+—=] k
NN RN (]
Answer

The given vectors are:

d=;+_}'+,ﬁ?; 522;—?_;—3.1';: o= ] i+ l G I k

al = ‘j+— NG
Bl=\(2) +(-7) +(=3)
=/

B —

4+49+9

Question 2:

Write two different vectors having same magnitude.
Answer

Consider a =[F =274 3&) and b= (1f+ i —:h{-).

It can be observed that | :I I +(-2) +3

bi=y2 + 1P +(-3) =Ja+r1+9=1/14.

=+J1+4+9 = 14 and

Hence, a and b are two different vectors having the same magnitude. The vectors are

different because they have different directions.

Question 3:
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Write two different vectors having same direction.

Answer
Consider p = [: +j+ A] and g = (Ef +2j+ 215].

I'he direction cosines of p are given by,
1 I | I I

I

f=——— = m= =— andr=—————=

' 5 5 ? | e r— =2 5 . 5 3

JEsPE1E B NE+EF+17 A3 JE+12+2 B
The direction cosines of g are given by
2 2 1 2 2 1

/= - - - = ."_ S e R 1 1 — = ’

e N L J22+20422 243 3

[ ]

2 1
and n = ==,
J22422+22 23 B

The direction cosines of ;; and &are the same. Hence, the two vectors have the same

direction.

Find the values of x and y so that the vectors 2i +3 and xi + yj are equal

Answer

The two vectors 2i +3/ and xi + 1/ will be equal if their corresponding components are

equal.

Hence, the required values of x and y are 2 and 3 respectively.

Find the scalar and vector components of the vector with initial point (2, 1) and terminal
point (-5, 7).

Answer

The vector with the initial point P (2, 1) and terminal point Q (-5, 7) can be given by,

PQ =(-5-2)i +(7-1)j
. PO =71 +6]
Hence, the required scalar components are -7 and 6 while the vector components are

—7i and 6].
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Find the sum of the vectors a =f—2_;'+£. b=-27+ 4_;+ Sk and ¢ = f—(:-}—?ﬂ.
Answer

The given vectors are a=i—2j+k, b=—2i +4j+5k and ¢ =i -6 — 7k,

nd+b+E=(1-241) +(-2+4-6)j+(1+5-7)k
=0-i—dj—1-k
=-4j-k

Find the unit vector in the direction of the vector a = r7+;r'+ 2k,

Answer

The unit vector g in the direction of vector i = r7+j'+2:f; is given by g = ‘
o

i :'J] +]+73— m \I'IE

. d_:‘+j+2k 1 - 1

= —=——F=—

@ & V6 v6 6

Find the unit vector in the direction of vectorﬁ), where P and Q are the points
(1, 2, 3) and (4, 5, 6), respectively.

Answer

The given points are P (1, 2, 3) and Q (4, 5, 6).

ﬁ:(4—1}f+{5—2} J+(6-3)k=3i+3j+3k

PQl=\37 437437 =\04949 =427 =33

Hence, the unit vector in the direction of m is

PQ 3 +3j+3k 1. 1 o

== =—i+—=f
PQl 33 5
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For given vectors, @ =2i — j+2k and b =—i + j—k, find the unit vector in the direction

of the vector &+ h

Answer

The given vectors are & =2i — j+2k and b = —i + j —k.
d=2i—j+2k

b=—i+j—k
na+b=(2=1)i+(=1+1)j+(2-1)k=1i +0j+1k =i +k
;(E'—f-?-|- ‘JWN‘E

Hence, the unit vector in the direction of [ﬂ."'i'h.) is

Find a vector in the direction of vector 5:’—_}+2£.: which has magnitude 8 units.
Answer

Let d=5i - j+2k.
w|a]= 5t +(-1) +2* =25+ 1+4 =30

.&=£=55—.F+1§
“TET R

Hence, the vector in the direction of vector 5f—_;+2£.: which has magnitude 8 units is
given by,

{

” 4 - “
B“:'?'L 0. 8 - 16

= i—

5::—}+2Rﬂ'
—

= |+
30 ) W30 VB0T B0
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[5.;':—_,."-+2|¢f-
e el St
J30
40 . 8B . 16 -
= I_f o ,__|f+ I"rl.-
430 /30 30

Show that the vectors 2i — 3/ +4k and —4i +6 j -8k are collinear.
Answer

Letd=2i—3j+4k and b = —4i + 6] —8k.

It is observed that b = —4; +6 j — 8k —2{25—3_}445—) —2d
~b=Ad

where,

A=-2

Hence, the given vectors are collinear.

Find the direction cosines of the vector i +2j+3k

Answer
Letd=i+2]+3k.
~a|=ViE+22 43 = f1+4+9 =14

'd
|

- 1
Hence, the direction cosines of a are ; 3
V14 14

Find the direction cosines of the vector joining the points A (1, 2, -3) and
B (-1, -2, 1) directed from A to B.

Answer

The given points are A (1, 2, -3) and B (-1, -2, 1).
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~AB=(-1-1)i+(-2-2) j+{1-(-3)}k
= AB=—27 4] +4k

= |AB|=y(<2) +(-4) +4* =416 +16 =36 =6

3"

ey oo 4 4'\ |
Hence, the direction cosines of AB are l - —.— |= _E'_

2 _ 1 2
6 6'6) | 3)

L | b2

A

Show that the vector  + j+k is equally inclined to the axes OX, OY, and OZ.

Answer

Letd=i+,+k.
Then,

d=+1"+1"+1° =3
i : I I S
Therefore, the direction cosines of a are | —=,—=,—= |.
V3 43 43

Now, let @, B, and ybe the angles formed by @ with the positive directions of x, y, and z
axes.

| | 1
Then, we havecosa:T cosﬁ:—F.cnsy= —.
2

3 W V3

Hence, the given vector is equally inclined to axes OX, OY, and OZ.

Find the position vector of a point R which divides the line joining two points P and Q

whose position vectors are g 1_;-#5 and —f+_;+.€:' respectively, in the ration 2:1
(i) internally

(ii) externally

Answer

The position vector of point R dividing the line segment joining two points

P and Q in the ratio m: n is given by:

i. Internally:
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mb+ na

m+n
ii. Externally:
mb— na
Position vectors of P and Q are given as:
OP =r:+2_}'—:&T and OQ = —r"+_,;'+i?
(i) The position vector of point R which divides the line joining two points P and Q

internally in the ratio 2:1 is given by,
2P k) (P2 k) (=2i+2i+2k)+ (P42 -k
e jri)(is2j-d) )+(i+21-4)
241 3
~f+4j+k 1. 44 1
b T T R O j+=k
3 3 3 3
(ii) The position vector of point R which divides the line joining two points P and Q
externally in the ratio 2:1 is given by,
2(=i + j+k)-1(i+2j-k)

2-1

OR = =(-27 +2]+2k)- (i +2j-k)

==3f +3k

Find the position vector of the mid point of the vector joining the points P (2, 3, 4) and Q
4,1, - 2).
Answer
The position vector of mid-point R of the vector joining points P (2, 3, 4) and Q (4, 1, -
2) is given by,
o _ [25v3.f+4£7jv{4f+_?—3£}: (2+4)F +(3+1) J+(4-2)k
2 2
B bf—_i—4_}+2kﬁ
7

=3f+2_}'|ﬁ;
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Show that the points A, B and C with position vectors, i = 3 —4_?—4»‘;,

b=2f-7 +handé=i -3]- 5k . respectively form the vertices of a right angled triangle.
Answer

Position vectors of points A, B, and C are respectively given as:
G=3—4]—4k b=2i—j+kandé=7i-3]-5k
d=3—4j—-4k, b=2—j+kandé =i-3]j-5k
AB=b-a=(2-3)7 +(-1+4)j+(1+4)k=—i +3]+5k
BC=¢-b=(1-2)i +(-3+1) j+(-5-1)k =i -2/ -6k
CA=a-é=(3-1)i +(-4+3) j+(-4+5)k=2i - j+k

“JAB[ = (-1) +3'+5° 149425235

;BC|: =(=1)' +(-2)" +(-6)" =1+4+36 =4

ICA| =22 +(-1) +1* =4+1+1=6

~|AB[ +|CA =36 +6=41=|BC|

Hence, ABC is a right-angled triangle.

In triangle ABC which of the following is not true:

A B

A. AB+BC+CA=0
B. AB+BC-AC=0
C. AB+BC-CA=0

D. AB-CB+CA =0
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Answer

A B

On applying the triangle law of addition in the given triangle, we have:

AB+BC = AC (L}

= AB+BC=-CA

= AB+BC+CA =0 42}

.. The equation given in alternative A is true.
AB+BC=AC

= AB+BC-AC=0

.. The equation given in alternative B is true.
From equation (2}, we have:
AB-CB+CA =0

. The equation given in alternative D is true.
MNow, consider the equation given in alternative C:
AB+BC-CA =0

= AB+BC =CA (3)

From equations (1) and (3), we have:
AC=CA

= AC =-AC

= AC+AC=0

= 2AC=0

— AC =0, which is not true.

Hence, the equation given in alternative C is incorrect.

The correct answer is C.
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If G and b are two collinear vectors, then which of the following are incorrect:
A. b=Aa , for some scalar A

B. G=+h

=]
Il

C. the respective components of a and b are proportional

D. both the vectors & and b have same direction, but different magnitudes

Answer

If & and b are two collinear vectors, then they are parallel.

Therefore, we have:
b= Ad (For some scalar A)

If A = £1, then a=+bh.
fa=ai+a,j+ f.r_.j; and b=bhi+b,j+ .“J_.\k“- then
b = Ad.
— bi+b,]+bk = A ((r,f +a,j +cr.,15:}
= bi+b,] +b_~,£ =(Aaq, }.r +( Aa, )7+ (Aa, ]I.fr
= b =da.b, =Aa,. b = Aa,
b b, b

:'}—Iz—:—':/l
oy o sy

Thus, the respective components of a and b are proportional.

However, vectors a and Ecan have different directions.
Hence, the statement given in D is incorrect.

The correct answer is D.
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Find the angle between two vectorsd and b with magnitudes x? and 2, respectively

having @ b =46,
Answer

It is given that,

|cf|: \E h| —2and, d-b = f6

Now, we know that i-h =|n+ blcos@.

-6 =3x2xcosd

6
= cos = y
V3x2
|
=08l = ——
+2
—»9=2
4

o3 = T
Hence, the angle between the given vectors @ and f is E

Find the angle between the vectors [ — 2+ 3k and 3/ - 2 +k

Answer

The given vectors are d = 5—2.;+3f: and b = Ef—E_}'+AT.
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il =P +(-2) +3 =\iT4+9 =2

b= T (2] T AT <

Now, @b = (_f—z_}'+ 3£)[3f—2_}'+£_}
1.3+(-2)(-2)+3.1

=3+4+3
=10

Also, we know that - h = |ri!ﬁ"::us€

S 10 = ﬁﬁv‘ﬂ cosd

10

= cosf=—

14
5
:~{}=cos"[—,
i

Find the projection of the vectorf—j‘on the vector | +J
Answer
Leta =f—_}and5 =f+}‘.

Now, projection of vectorion b is given by,
1 1 1

|b|(ah) Jm{“*{"”}:ﬁ (1-1)=0

Hence, the projection of vector a@ on bis 0.

Find the projection of the vector i + 1; + 7k on the vector 7i —; +8k.

Answer
Let5=f+3.f+?£and E;:?f—.}+3£:.

Now, projection of vector¢on bis given by,
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1 /. = 1 T-3+56 60
—|a-b)= (7)+3(-1)+7(8)! = =
p|( ) J?3+(_U:+gf{{ R L i e oy

Question 5:

Show that each of the given three vectors is a unit vector:
Ylrosee e some Tlown swow won Bupum @n e

1iat a2 dras o apY Lg: 3
4J+”+@}43 m+¢}4m+a H)

Also, show that they are mutually perpendicular to each other.

Answer
] A - - Pur A f =~
Leta=—=|2i+3/+6k|l==i+=j+—=F,
ACAR AL A
= W - - 3. 6. 2=
b==|3i=6j+2k)|==i—=j+=k,
’ ?( i ~6]+2k) AT
< 3 s r) 65,25 3
t == (67 +2]-3k) =2 +=}-2F,
: ?( i +2j-3k) 7177773
L2 (3 (6 _[4 9 36
|ﬂ'|= -+ +L = + + —
(F Y 7) V49 49 49
B (2T () (2] -3 2 -
7) 7) "\7) 449 193

{2\f ( 3V [36 4 9
= +| = =, ] —+—+—=
?J ?J 49 49 49

Thus, each of the given three vectors is a unit vector.

. [—6] 6 2 6 18 12
= e [ e e e a2
T 7 7 7 ? 749 49 49
- 3 6 —f:-] 2[ ] 18 12 6
be=="m—4| — g P S BV
77 49 49 49
. 6 2 2 E:- 13
Cd=—X—+—-xX— —-—=—+———
27 e 4@ 49 49

Hence, the given three vectors are mutually perpendicular to each other.
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Question 6:

Find|dland |b], if (d+5 )-(a~5) =8 and || =8[3|.

Answer

() B -]

= 63} =8
Sl =2
63
= |E ‘ = \/61_3 [Magnitude of a vector is nmn-negative]
- 9
= [p|= 22
T
|_|_8_£-|_3sz_ 16+2
N1 T

Question 7:

Evaluate the product (Bd - 55)-(2:}' + ?5)-

Answer

(3a-5b)-(2a+7b)
=3G-2d+3a-7h -5b-2a-5b-7h
=6d-d+21d-b—10d-bh-35b-b
=6laf +11a-5 -35[6|

Page 17 of 46



Class XII Chapter 10 - Vector Algebra Maths

Find the magnitude of two vectors a and 5, having the same magnitude and such that

1
the angle between them is 60° and their scalar product is .

-

Answer

Let 6 be the angle between the vectors a and h.

1
2

Itis given that [d|= b, d-b = and 6 =60° (1)

We know that a-h =|d I}I|uusﬂ

%: |di||di|cos 60° [ Using (1) ]
| IO
— — =|a| x—=
2 2
= =1
= |a|=[5|=1
Find |,? , if for a unit vector a, {_.?—E}-{.?ﬂ}} =12
Answer

(¥-a)-(x+d)=12
=¥ F+¥d—a-¥-a-a=12
= [% -|a| =12

=¥ -1=12 [ld|=1as d is a unit vector |

Page 18 of 46



Class XII Chapter 10 - Vector Algebra Maths

Question 10:

Ifa=2+2j+ 3, b= —f+2}+.~’; and ¢ = 3/ + jare such that d+Abis perpendicular to ¢,
then find the value of A.

Answer

The given vectors are g = 2i + 2}+3£:. b=-i +2_}+1{:, and ¢ = ?ufw'—j.
Mow,
.fi+,u£=(2?+z_}'+3£)+z[—f+2_}+,€)=[2—}1);‘+(2+2z)_}+{3+,{}§
It {.:} + /15) 15 perpendicular to ¢, then

(@+4b)-c=0.

=[(2-2)i +(2+22) j+(3+ 2)k]-(37 + j) =0
=(2-4)3+(2+24)1+(3+2)0=0

= 6-34+2+24=0

=-1+8=0

=A=8

Hence, the required value of A is 8.

Question 11:

d, for any two nonzero vectors a and b

Show that |alb + |H|fi is perpendicular to || b —|5

Answer

([al +[6|a)-(|al6 -|5|a)

=(al &5 ~|al[b|5 -a+[p|ala-b ~[5[ d-a
~af |p] -Jpl

=0

Hence, || + |F?.|fi and|d|b —|5|a’ are perpendicular to each other.

Question 12:

Ifa-ad=0andd-b = (}, then what can be concluded about the vector h?
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Answer

It is given that @-a=0and d-b =0
MNow,

a-d=0=af =0=|d|=0

S.d 15 a zero vector,

Hence, vector b satisfying G-h =0can be any vector.

If either vectord =0 or b ={i, then d@-h = 0. But the converse need not be true. Justify
your answer with an example.

Answer

Consider & =2 +4 j +3kand b =37 +3 ] —6k.

Then,

.':E-f'u-z2.3+4.3+3{—6}=6—r12—|3={}

We now observe that:

d=v2 +4+3 =29

nd#0

s e S o s

h|= J3 +3+(-6)" =54
b0

Hence, the converse of the given statement need not be true.

If the vertices A, B, C of a triangle ABC are (1, 2, 3), (-1, 0, 0), (0, 1, 2), respectively,

then find OJABC. [OABC is the angle between the vectors ﬁandﬁ]
Answer
The vertices of AABC are given as A (1, 2, 3), B (-1, 0, 0), and C (O, 1, 2).

Also, it is given that OJABC is the angle between the vectors BA and BC .
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BA ={1-(-1)}i +(2-0) j+(3-0)k =27 + 2 +3k

C={0—(-1)}i +(1-0) j+(2-0)k =7+ j+2k
5 BA-BC=(27+2]+3k)-(i+]+2k)=2x1+2x1+3x2=2+2+6=10
Bf‘ii:x.l’23+2:+3: =J1+4+9=17

Now, it is known that:

BC

BA -BC =|BA||BC|cos(£ABC)

10 =17 /6 cos( ZABC)
10

17xV6

f
= ZABC=cos™' | ——
%)

=» cos( ZABC) =

Question 16:

Show that the points A (1, 2, 7), B (2, 6, 3) and C (3, 10, -1) are collinear.
Answer

The given points are A (1, 2, 7), B (2, 6, 3), and C (3, 10, -1).

-~ AB=(2-1)i +(6-2) }+{3—?};E=f+4}—412
BC=(3-2)i +(10-6) j+(-1-3)k =7 +4] -4k
AC=(3-1)i +(10-2) j+(-1-7)k =27 +8j -8k
AB :J11+41+(—4}’ =VI+16+16 =33

BC|= JE+42 +(—4) =J1+16+16 =33
AC‘|=J2'+8'+8'=M=\E=2 3
~|AC|=|AB|+[BC|

Hence, the given points A, B, and C are collinear.
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Show that the vectors 2;’—,}'—;2, i 3; —5k and 3i —4.; — 4k form the vertices of a right
angled triangle.

Answer

Let vectors 2;’—,}'—;2, 5—3,}'—55 and 3/ —4,;—4»‘: be position vectors of points A, B, and C
respectively.

ie.OA=2i—j+k, OB=i-3j—5k and OC =3/ —4j -4k

Now, vectors AB, BC, and AC represent the sides of AABC.
ie, OA=2{ - j+k, OB=i-3]—-5k, and OC=3i -4 ] -4k
~AB=(1-2)i +(-3+1)j+(-5-1)k=—i -2j -6k
BC=(3-1)i +(—4+3)j+(—4+5)k=2i-j+k
AC=(2-3)i+(-1+4) j+(1+4)k =i +3]+5k

[AB|= \(-1)’ +(-2)" +(-6) =VI+4+36 =41

BC| =22+ (1) + 1 =Va+1+1 =6

Z;ﬁ.t‘|ﬁij{—1}1+33 +58 =149+ 25 =35

|B(."|3 4 |AC"? N T :|AH'|?

Hence, AABC is a right-angled triangle.

Ifis a nonzero vector of magnitude ‘a’ and A a nonzero scalar, then Adis unit vector if

(AYA=1(B)A=-1(C) a=|4| (D) u=ﬁ

Answer

Vector A is a unit vector if |4d| =1,
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MNow,
|P.-:E| 1
= |]|a|=1
1
= |d|=— [4#0]
g
1 :
=] :? [|n| :c:]

. ]
Hence, vector A is a unit vector if a4 = 7

The correct answer is D.
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Exercise 10.4
Question 1:
Find iExE ,if a=i-7j+7kand b =37 -2]+2k.

Answer

We have,

a=i-Tj+Tkandb =37 -2]+2k

axh=

e

j
2
29

Iud = Ty

=i(=14414) = j(2-21)+k(-2+21) =19 +19%

)
slaxB|=\J(19) +(19)° = 2% (19) =19V2

Question 2:

Find a unit vector perpendicular to each of the vector a+b and EJ—F_:, where
a=31+2j+2kandb= i+2j-2k
Answer
We have,
a=3+2j+2kandb= i+2j-2k
ca+b=4i +4j, a-b=2i + 4k
b ok
[.&+E]x[;—5]: 4 4 0|=i(16)-j(16)+ k(-8)=16i —16, -8k
20 4

+|(@+5)x(a-5) = J16 + (-16)" +(-8)’
=2 %8 + 22 %8 4 §
=3J§I+21+] =89 =8x3=24
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Hence, the unit vector perpendicular to each of the vectors a+b and a-h is given by the

relation,

(a+b)x(a-8)  16i-16j-8F
-+ = -
|@+B)x(a-5) 24
Aok 2e 2]y

3 TR <

1z T P S L
If a unit vector @ makes an angles:{- with :,Ewmh J and an acute angle 6 with j, then

find 6 and hence, the compounds of 4.

Answer

Let unit vector @ have (ai, a,, as) components.

a=uai+a,j+ak

Since a is a unit vector, |d|=1.

w g T . T " o
Also, it is given that & makes angles-,‘- with !,Ewith J,»and an acute angle 6 with k.

Then, we have:

n_a,
COS—=—
3 |a
I g
= 5= Uu| IJ
T a,
cos—=—%
4 la
- —=a, [ld|=1]

[
Also, cosf =—.
[

= a, =cost
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MNow,
'_a| =1

2 2 1
=Ja" +a,” +a; =1

) e
b | =
N

1
Hence, 7 =§ and the components of a are [j s

Question 4:
Show that

(a—B)x(a-+5)=2(axb)

(a—b)x(a+b)

= (d -b ) x4+ (d —h ) xb [ By distributivity of vector product over addition ]

=dxa—-bxa+ixb—bxb [ Again, by distributivity of vector product over addition]|

=0+dxh+dxh—0

=2dxb
Question 5:

Find A and p if (2?+ﬁj+27£]x(f+ij—:;¢§)=E}_
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Answer
(2?+{1}+ 2?£]x(5+ Aj+ I,uﬁE]z 0

-

i ]k
|2 6 27 |=0i+0j+0k
1 A u

= i(6u—272)—j(2u—27)+k(24-6)=0i + 0 + Ok
On comparing the corresponding components, we have:
6u—274=0
2u-27=0
24-6=0
Mow,
2A-6=0=>4=3
27
2;1—27=U:=;r=?

Hence, A =3 and u = 2—2 ;

Given that a-b=0and axh=10. What can you conclude about the vectors t_rﬂﬂdﬁ?

Answer
a-b=10
Then,

(i) Either Eir| =0or f."| =0,0ordlh (in case a and b are nnn—zercr)

EJ'X!;:D

(ii) Either ¢Tr| =0or h| =0, or a |I5 {.in case a and b are m}n—xem)

But, @ and p cannot be perpendicular and parallel simultaneously.

Hence, |d|=0or fj|:{].
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Question 7:

Let the vectors &, b, & given as a,i +a, ] +ak, bi +b,j+bk, L'If+c3_f+c3k‘. Then show

that :dx(5+c:) =dxbh+dxé

Answer

We have,

a= ulf + u:_; + u_J;._, b= h1f + bz_;‘+ !:rgﬁ;._, c= {_1!: +-:':_;‘+ L'_Ji;

(B+c)=(bi+e)i+(b+er)j+(by+e,)k
S
Nuw,dx(éq-d] a, a, da,
b| +L‘-| !&'2 +U_r 'b_?l +Cj

=i I:u: [e‘:_, + c':ﬁ}—u_, (bz tc, }:I—,f [a, {h_, +c:s}—aj {e‘:—l t+e }:|+ R:[a] {hz +c, ]— i, {h, +L'l}:|

=i [azh_, + a0, —ayh; — cr_\f.'z] + _,f [—thi —ac, +ab +age ]+ k [nﬁhz +ac, —a;h —ayc ] {l}

=

*

pm Y|

1]
~
.,

al
b b b
;[a:'ﬁr —a]h:_]+ j["ﬁ”} _ﬂlh.t]"' ’r":[‘?lh: _ﬂzbl] {2)

axc=|a, a, a

=i[ae, —ae, ]|+ J[ame —ac | +k[ac -acq]  (3)
On adding (2) and (3), we get:
{c_r X 5)+ [:_.; X Z) =i[ab, +a,c,—ab, —ae, |+ j[ha, +a,c, —ab, —ac, |
+k[ab, +ac, —abh —ay,] (4)
Now, from (1) and (4), we have:
dx[5+c’):dx5+.:ixc'

Hence, the given result is proved.
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If either a :ﬁorE =0, then @x=h =10. Is the converse true? Justify your answer with an
example.

Answer

Take any parallel non-zero vectors so that daxh=0.

Letd=2i +3]+4k, b =47 +6] +8k.

Then,
Pk

dxb=[2 3 4/=7(24-24)-j(16-16)+k(12-12)=0i +0j + 0k =0
4 6 8

It can now be observed that:

=27 +37 +47 =29

sa#0

b| =4 +6 +8 =16

~bhz0

Hence, the converse of the given statement need not be true.

Find the area of the triangle with vertices A (1, 1, 2), B (2, 3, 5) and
C(1,5,5).

Answer

The vertices of triangle ABC are givenas A (1, 1, 2), B (2, 3, 5), and

C(1,5,5).

The adjacent sides AB and BC of AABC are given as:

AB = {2—1]f+|[3— i}_;’+{5—2}£ =i+2j+3k

BC =(1-2)i +(5-3)j+(5-5)k =—i +2]
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Area of AABC =%|AHIX 3(."|

i ]
AB xBC=|1 2
-1 2

:":(‘5}—.}{3]+§{2+2]=—ﬁf_3_;-+4ﬁ_f

=R

-|AB xBC| = (~6)’ +(=3) +4* =36+9+16 = V61

. Vol .
Hence, the area of AABC 1§—— square units.

Find the area of the parallelogram whose adjacent sides are determined by the vector
a=i-j+ 3kandb = 2f—?}+f; _

Answer

The area of the parallelogram whose adjacent sides are a and bis|dxh|.

Adjacent sides are given as:

a =f—_;+31"{“and{i= Z.r:—?j‘+§

i j k
saxb=[1 =1 3=i(=1421)=j(1-6)+k(=7+2)=20i +5; -5k
2 -7 1

dxb|l=+200 +52+5 =400+25+25 =152

Hence, the area of the given parallelogram islﬁxﬁ square units,

5 = i . 2 i
Let the vectors @ and b be such that |d| =3 and h| :T, then @ = b is a unit vector, if

the angle between a and b is
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T

( ) . B C
AllsWer

It is given that @ =3 and ||"J| =

V2
3

We know that dx b =|ci||f:;|sin @11, where i is a unit vector perpendicular to both a and

b and @ is the angle between aandb .

Now, G x b is a unit vector if a x b

o xh

=) |§‘|E|Siﬂ{?ﬁr =1

=>|d|b|lsin 6] =1
2
:>3><T><sin¢?=]

1
=s5inf=—
J2

=@ =

| 2

- - - b
Hence, d b is a unit vector if the angle between & and £ is E

The correct answer is B.

Area of a rectangle having vertices A, B, C, and D with position vectors
PR T T 3 = 1 - - . .
=7 + 5 JHdk, i+ 5 J+dk, i- = + 4k and —i 5; + 4k respectively is
1
(A) - (B) 1

(C)2 (D) 4

Answer
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The position vectors of vertices A, B, C, and D of rectangle ABCD are given as:

OA =-r‘+%j+4;& OE=1’+%,}+4;€__ atj:f-%jmf, oti=-f-%j+4;£

The adjacent sides AB and BC of the given rectangle are given as:

= 3 l ] A Ty
AB=(1+1)i +[2—1]_;+{4—4}k = 2§

BC=(1 -1}f+(-%-%]}+[4-4};§= -7

P
~ABxBC=2 0
o -1

k
0= ,E{ -2)= 2k
0

ABxAC|=(-2)' =2
Now, it is known that the area of a parallelogram whose adjacent sides are

G and b is dxh

Hence, the area of the given rectangle is ABx BC| = 2 square units.

The correct answer is C.
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Write down a unit vector in XY-plane, making an angle of 30° with the positive direction
of x-axis.

Answer

If ¥ is a unit vector in the XY-plane, then 7 = cos @i +sin@}.
Here, 6 is the angle made by the unit vector with the positive direction of the x-axis.
Therefore, for 6 = 30°:

F =cos30° +sin30°; —£§;+; i

3. 1.
Hence, the required unit vector is gr rE;

Find the scalar components and magnitude of the vector joining the points
P(x. ». z) and Q(x,, ¥, 2,)
Answer
The vector joining the pointsP(x,, y,, z,) and Q{.TJ. V,, 2, ) can be obtained by,
PQ = Position vector of () — Position vector of P

-[.14 X }r +(v, -y }_,a {_4 zl}fc
]]Q = ‘l.'l(x? - :'- 35 (.1}: _,1'|]- ¥ [:: -3 ]

Hence, the scalar components and the magnitude of the vector joining the given points

are respectively {{.T_- -5 ).(»m-»).(2 -z H and \,I'II'[-"-': = -"u)z +( ¥ '—JJ +(z, -2, )

A girl walks 4 km towards west, then she walks 3 km in a direction 30° east of north and
stops. Determine the girl’s displacement from her initial point of departure.

Answer
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Let O and B be the initial and final positions of the girl respectively.

Then, the girl’s position can be shown as:

AN
i B
3[?"‘}\«‘*‘
W LA E
-l - L
A 4 km 0]
r
: S

Now, we have:
OA =—4i
AB =f|rﬂ.{;~|c05 f:[]”+j'|ﬁ.ﬁ|sin 60°

R
|
i

=f3x—|+_;3><L
2

3. 343,

=—j+ i

2 2.

By the triangle law of vector addition, we have:

OB = OA + AB

kz
3V, 343 .
=[—4+—}f+m"}j
2 2
[—E+3“¢+3 3 A
= H
AR
S 33
3
Hence, the girl’s displacement from her initial point of departure is
- q'.' 3\.'3 a
—_—] J
2 & o
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If G=b +¢, then is it true that || = Z!:-'| +|é[? Justify your answer.
Answer

In AABC.let CB=d, CA=5, and AB=¢ (as shown in the following figure).

B =
il
Now, by the triangle law of vector addition, we have d = bh+¢.

It is clearly known that §d|, |.6| and Ic:|represent the sides of AABC.
Also, it is known that the sum of the lengths of any two sides of a triangle is greater

than the third side.

|ﬂ'| < ||’:l| + |L':|

Hence, it is not true that Ed:=15|+|c=|.

Find the value of x for which .r{r?+_,;'+§]is a unit vector.

Answer

.1:{:1'?+_,;'+£]is a unit vector if t(r+j+a"f)‘ =1
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MNow,

Hence, the required value of x is + \."_

Find a vector of magnitude 5 units, and parallel to the resultant of the vectors
a=2i+3j-kandb=7-2j+k

Answer

We have,

G=2i+3j—kandb=i-2j+k

Let € be the resultant of & and b.

Hence, the vector of magnitude 5 units and parallel to the resultant of vectors a and bis

I s ‘m"’]'[h J10 -
i+ i— i
\flﬂ( : J) 2 2 J

H
Lh

=ZI5-
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Question 7:
Ifa = F+j+£, b= 2:?—}+3kﬂ and ¢ :f—2j+f, find a unit vector parallel to the

vector 2d —h +3¢.
Answer

We have,

d=i+j+k b=2i—j+3kandé=i-2]+k

2 —b +3¢ = 2(;‘“+}+E)—(2E—j+3£_]+3(f—2j+é)
=2 +27+2k -2+ j-3k+3i —6]+3k
=3 -3j+2%k

[2d -5 +3¢|=J3* +(-3) +2* =0 +9+4 =22

Hence, the unit vector along 2a-b+3¢is
2d-b+3¢ 3-3j+2k 3

i T
- = =—ij=- i+ k.
|2.f;—f; +3c'| J22 J22 Stz

T ooa

Question 8:

Show that the points A (1, -2, -8), B (5, 0, -2) and C (11, 3, 7) are collinear, and find
the ratio in which B divides AC.

Answer

The given points are A (1, -2, -8), B (5, 0, -2), and C (11, 3, 7).

“AB=(5-1)+(0+2) j+(-2+8)k=4i +2] +6k
BC=(11-5)i +(3-0)j+(7+2)k=6i +3j+9%
AC=(11-1)i +(3+2)j+(7+8)k=10{ +5] +15k

AB| =47 +27 46" =\16+4+36 =56 = 2J14
BC|=V67+32+9° =\36+9+81 =126 =3J14
AC|=V10%+5%+15" =\100+25+225 =350 = 5\/14

.-.|M:'| = nEZ|+iBC'.\

Thus, the given points A, B, and C are collinear.
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Now, let point B divide AC in the ratio 4 :1. Then, we have:

. J0C+0A
OB= (A+1)
s J,(I lf+3}+?£]+(5_2j_5;})

A-+1
:ﬁ{i+IKS?—ZE):11&?—3&}+?A§+f—2j—8§

= 5(A+1)i =2(A+1)k=(114+1)i +(32-2) ] +(72-8)k

On equating the corresponding components, we get:

5(A+1)=111+1
=54+5=114+1
—=6i=4
. 4 2
= AdA=—=—
6 3

Hence, point B divides AC in the ratio 2: 3.

Find the position vector of a point R which divides the line joining two points P and Q

whose position vectors are(za' +5~]und(.:j—3.ﬁ1} externally in the ratio 1: 2. Also, show
that P is the mid point of the line segment RQ'.

Answer

It is given that OP = 2d + b, OQ =d—3b.
It is given that point R divides a line segment joining two points P and Q externally in

the ratio 1: 2. Then, on using the section formula, we get:
EPﬂ*ﬁ}—ﬁﬂﬁh)_4afzﬁ—a+3£
21 ]

OR = =3d+5b

Therefore, the position vector of point R is 3a +54’;_

Position vector of the mid-point of RQ = —GQ +OR

-
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=2d+b
- 0P
Hence, P is the mid-point of the line segment RQ.

The two adjacent sides of a parallelogram are 2i —4_f+ Skand i — 2; =3k

Find the unit vector parallel to its diagonal. Also, find its area.
Answer
Adjacent sides of a parallelogram are given as: i =2 —4j+5k and b = | —2.}—3&"
Then, the diagonal of a parallelogram is given by d+b.

a+bh=(2+1)i +(-4-2)j+(5-3)k=37-6]+2k
Thus, the unit vector parallel to the diagonal is

d+b _ 3i-6j+2k 3 -6j+2k 3i-6j+2k 3. 6. 2

|a+5| V.'_;-Jr(_f,}-"ui Jo+36+4 7 E g

.- Area of parallelogram ABCD = idxh‘|

ik
dxb=[2 -4 5
T

=7 (12+10)— j(~6-5)+k(-4+4)
=22i +11j
=11{2i +j)

.Jaxﬁy-quﬁ+F_¢1J§

-
Hence, the area of the parallelogram is 1 14/3square units.
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Show that the direction cosines of a vector equally inclined to the axes OX, OY and OZ

Answer

Let a vector be equally inclined to axes OX, QY, and OZ at angle a.
Then, the direction cosines of the vector are cos a, cos a, and cos a.
Now,

cos” @ +cos @ +cos @ =]

= Jcos’ @ =1

= COsx =

&=

Hence, the direction cosines of the vector which are equally inclined to the axes
1

| 1
are—=, ——, —&—
NERENC RN

Let a :f+4l}'+2»{. b= 317—2.}'+?.f2and = Ef—_}‘+ 4k . Find a vector d which is

perpendicular to both aandb, and c.d = 15.

Answer
letd =d,i +d,] +d,k,

Since Jis perpendicular to both g and b , we have:

d-a=0

=d +4d,+2d, =0 (1)
And,

d-b=0

=3d, -2d,+7d,=0 A1)

Also, it is given that:
é-d=15
—=2d —d,+4d, =15 (i)
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On solving (i), (ii), and (iii), we get:

5
d, =@.(L =——and d, :—E

3 3 ' ;
e JES B 0. 8 5 8
s a2 2 ME. lieti—57— 70k
“=37173/73 3( i~5]~170k)

| B e - -
Hence, the required vector is E[I{)ﬁi -5j- ?ﬂk).

Question 13:

The scalar product of the vectorf+}+»’£with a unit vector along the sum of vectors

2:’+4j’—5§ and xi.r:+2_}'+ 3k is equal to one. Find the value of A.
Answer

(21 +4]-5k)+(Af +2]+3k)

=(2+A)i+6j-2k

Therefore, unit vector along (Ef il Ek) + (Af +2]+ 3.#?) is given as:

(2+4)i+6j-2k _ (2+4)i+6j-2k (2+A)i+6]-2k
J2+A) 46 +(-2) VA+42+27+36+4 A +di+44

Scalar product of(f + ]+ .fg)with this unit vector is 1.

o (24A)F+6] =2k
(g k) BHAT 46

: JA'+4A+44

2+ A)+6-2
:}%:]

VAT +44+44
=JA+4l+44=4+6
= A +41+44=(1+6)
= AT +4A+44= 1" +124+36
= 8A=8

= A=1

-

Hence, the value of A is 1.
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Question 14:

If ::,f:-.;*are mutually perpendicular vectors of equal magnitudes, show that the vector
a+b+cis equally inclined to r,_r,fr andc.

Answer

Sinced, b, and 7 are mutually perpendicular vectors, we have

g-b=b-=-a=0.

It is given that:

d|=p] =e]

Let vector @+ b+ be inclined to &b, and ¢ at angles . &, and &, respectively.

Then, we have:

(3+8+2)@ G.ag+5-a+é-a

costd =

|cf+|ﬁ-+f_:|gf| N £f+.h.+.::||g,&
B |+:|F| .
_|u+h‘+c||c.r| [h L a_:}:l
_ |4
|J+E+q
cos 2, :((_+€+5)'_"; :a'-b' +f-h'+¢'-_-h'
©ola+b+e|p|  la+b+elfp
E I o
=m [c -h:{.-h:ﬂ]
|d+5+q
cns@=(LE+€+‘;}"5=§~E+£E'E+E-{
] |c‘.-'+h+E|E-' |EE+h+E-'||E|
2l e
=|a+.f?+a||a [a-=5-2=0]
__le
|&+E+ﬂ
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Now, as !-:if| =|h| =|£:|, cosf, = cosd, = cosd, .
'5'!. = 92 = &1.

Hence, the vector(d +b+ c’)is equally inclined to a@,h, and @ .

Prove that {;; + EHE} + E.} - |,:_; i +-Eiz, if and only if a, b are perpendicular,

givenr,_.-iﬂ. b#0.
Answer

(a+6).(a+5)= |f;r + |,«;|2

e d-datd-h+b-d+b-b=|d +|h'|: [ Distributivity of scalar products over addition |
= u'|: +2G-b + ,.';:| = dr +|h|1 [(i~ b=b-d {Scalar product 15 cﬂmmutative]]
& 2d-b=0

esdbh=0

~.d and b are perpendicular. [a' #0, h#0 [Given]]

If 6 is the angle between two vectors a and b , then abz0 only when

(A) ﬂ{ﬂ-::g(B) <0<

| A

(C) 0<b<n(D)0=B=n

Answer
Let 6 be the angle between two vectors aandb.

Then, without loss of generality, @ and /» are non-zero vectors so

that Iai and |b| are positive,
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It is known that d-h :|ri; 5|uus€.
s dh=0
= |dllb|cos@ =0

= cosd = 0 |a| and |£_= | are positiveJ

= A

3| A

Hence, abhz0whenp<g<r.

The correct answer is B.

Let @ and b be two unit vectors andé is the angle between them. Then a+bis a unit
vector if

W) 0="(8) 0="(C) =" (D) =2"
4 3 2

Answer
Let @ and & be two unit vectors and6 be the angle between them.

Then, ;1| :|.I:r| :].

Now, a + b is a unit vector if a+b|=1.
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E{+Er|:|

:;(a+5

U
—
|EI
; +
L= o J8
U S —

=1°+2 c}||t;|-:csﬂ+13 =1
=1+2.1.lcosB0+1=1

= cosb= 2
=

2n

=8 =—
)

- =2 2
Hence, a + b is a unit vector if # = Tx

The correct answer is D.

The value of ;(jxk)+;(rxk)+k(:><;] is
(A) 0 (B) -1 (C) 1 (D) 3

Answer

The correct answer is C.

If 6 is the angle between any two vectors a and b , then Er.E| = ‘E: x b

when 6 isequal to
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(A) 0 (B) (D) m

Answer
Let 6 be the angle between two vectors and

and

The correct answer is B.
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