Class XII Chapter 10 - Vector Algebra Maths

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

Answer
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Here, vector OF 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



(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.

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

Answer

(i) Vectors dand 9 are coinitial because they have the same initial point.

(i) Vectors? and are equal because they have the same magnitude and direction.

(iii) Vectors @ 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) d and —4 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.



Vectors 4 and —d are parallel to the same line.

(ii) False.

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



Exercise 10.2
Question 1:
Compute the magnitude of the following vectors:
G=i+j+k; b=2i-7j-3k =

Answer

The given vectors are:

G=i+j+k; b=2i-7]-3k G=—i+

dl= (1) +(1) +(1) =3
Bl =2 +(-7) +(=3)

e |

Question 2:

Write two different vectors having same magnitude.
Answer

Consider 5:[?—2_}+3ﬂ7) and b :(zf+_}—3i).
It can be observed that |Er|= I+(-2) +3° =1+4+9 =+/14and
b = 21+11+{—3]2 = JA4+1+9 =14

Hence, @ a1d b are two different vectors having the same magnitude. The vectors are
different because they have different directions.

Question 3:



Write two different vectors having same direction.

Answer
Consider p = [:ﬂ +j+ ﬂ] and g = (Zf +2j+ 2&]

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

f= = . m= ==, andn=———= .
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The direction cosines of g are given by

2 2 2 20
’r_ =l bl - = = f= * LFI = 1 T T = |'_ = #
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J2ii2t420 23 B
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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 20 +3j and xi + yj are equal

Answer

The two vectors 20+3) and xi + ) 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)]

= PQ=-Ti+6]

Hence, the required scalar components are -7 and 6 while the vector components are

—7i and 6/.



Question 6:
Find the sum of the vectors@ =1 —2i+k. b==2i+4j+5kand ¢ =i -6j-Tk

Answer

The given vectors are? =1 —2J+hk, b=—2i+4j+5k and ¢ =i -6 Tk

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

Question 7:

Find the unit vector in the direction of the vector® =/ +it2k .
Answer
. a
- = 2% af a=r
The unit vector @in the direction of vector 4=/ /J +2k is given by ‘a| .

A=V +1P 42 =1+1+4 =16
S .d f+.}'+2kﬁ
Sl =

1
a - Ve Ve

Question 8:

i+ k

S

1 -
— i+
\@ g

6

Find the unit vector in the direction of vector PQ, 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).

L PQ=(4-1)i +(5-2)j+(6-3)k =31 +3/+3k

PO =3 +3 +3 =J9+94+9 =27 =33

Hence, the unit vector in the direction of I}Qis

PQ 3 +3j+3k |

= v L Ly
PQ

1
33 3 BB




Question 9:

For given vectors, @ = 2! =J T2k ang & ==+ 7=k find the unit vector in the direction

of the vector @+
Answer

The given vectors are a=20—j+2knqb=—i+j-k

G=2i—j+2k
£=—i‘+j‘—.5.:
narb=(2=1)i+(=141)j+(2-Dk=1i +0j+1k =i +k

- 7 [ r—
|a+f:|=x.'l“+l“ =42

d+h
Hence, the unit vector in the direction of ( )is

Question 10:

Find a vector in the direction of vector Si—j+2k which has magnitude 8 units.

Answer

Letd=5i — j+2k.

“ld| =57 +(-1) +2° =25+ 114 =430

s Si— j+2k
==
la 30
Sf—j+2!s:

Hence, the vector in the direction of vector which has magnitude 8 units is

given by,

o ,J"‘- 4
3;3::-3[5’ JE2k |

0 - g - 6 -
= i - '+ k
J30 N RN AT RN AT




40 - 16 -

g .
i— i+ k
30 4307 430

Question 11:

2i—3j+4k and —4i +6 -8k

Show that the vectors = are collinear.

Answer
Letd=2i-3j+4k and b = —4i +6 ] —8k.

It is observed that b = —4i + 6 ] — 8k = —2[2; - 3_}'+4§E] =—2d
~h=Ad

where,

A=-2

Hence, the given vectors are collinear.

Question 12:

Find the direction cosines of the vector I +2)+3k

Answer
Letd=i+2]+3%

.',|(_F‘=\l13+2:—-—33 =“"1+4+9=‘U'Iﬁ

- 12 3 ]
a are [ \ s .
Hence, the direction cosines of "‘r'ﬁ ""{ﬁ V14
Question 13:

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).



L AB=(=1-1)i +(-2-2) j+{1-(-3)}
— AB=-2i -4+ 4k
| AB|=\(-2) +(~4) +4* =Ja+T6+16 =36 =6

i
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Hence, the direction cosines of AB are L

Show that the vector ' T/ %% is equally inclined to the axes OX, OY, and OZ.

Answer

Letda=i+]+k.
Then,

d=+I"+1"+1I :\E

. [ (I ]
dare | —,—, .
Therefore, the direction cosines of WEOND N

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

| 1
cosaf—F.msﬁ——F.cosy— R
Then, we have - V2 A

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

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

T ~ 5 _ L _ o % ..
whose position vectors are | T2/ K and —i+ j+k

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:



mb+ na

m+n

ii. Externally:

mb—na
m-n

Position vectors of P and Q are given as:
OP=i+2j—k and OQ=—i+ j+k
(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,

_ :[—f+_}+é]+|[£+2_}—§) (—zf+zj+2£)—(f+ 2_}'—:5]
OR = =

241 3
—iedj+k 1. 4. 1
=R i Jt—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)

OR = =(-2f +2j+2k)—(I+2j-k)

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 [25+3_ﬁ+4§)*(4?+}—2£)_: (244)i +(3+1) j+(4-2)k
2 2
_ hf+4_}+2ﬁf
7

=3f+2_;'llf;



Question 17:

Show that the points A, B and C with position vectors, a=3i—-4j- 4k,

b=2i-j+kandc=i-3j-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—4j-4k b=2—j+kandé=7-3]-5k
G=3—-4j—4k b=2—j+kandé=i-3]-5k
CAB=b—d=(2-3)i +(~1+4) j+(1+4)k =~ +3]+5k
BC=c-b=(1-2)i+(-3+1)j+(-5-1)k=—i-2j -6k
CA=d-c=(3-1)i+(-4+3)j+(-4+5)k=2i - j+k

“[AB[ = (-1 +37 45" =149+25=35

|BC|J =(=1)" +(=2) +(-6) =1+4+36=41

|('.A'|: =24 (=1) + 1P =4+1+1=6

.'_|AH'~J +|c,a;|: —36+6=4] =|H(f‘|:

Hence, ABC is a right-angled triangle.

Question 18:

In triangle ABC which of the following is not true:

A B

a AB+BC+CA =0
5 AB+BC-AC=0
c. AB+BC-CA =0

5. AB—CB+CA =0



Answer

A B

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

AB+BC = AC (1)

= AB+BC=-CA

= AB+BC+CA =0 -(2)

. 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.



1f @ and b are two collinear vectors, then which of the following are incorrect:

A. =44 for some scalar A

g, d=1b
C. the respective components of aand b re proportional

D. both the vectors @ a1d b haye same direction, but different magnitudes

Answer

1f @ and b are two collinear vectors, then they are parallel.

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

IfA = +1, then d=%b

If a=ai+a,j+ f:_.\ﬁ; and b=hi+b,j+ b_.,kn. then
b = Ad.

= byi +b,j+bok = /".(alf rayj+ak)

= h,f+b1_f+b_~,i: =(/1£4‘]}; +( Aa, ]; + {z{(!;}ﬁ'"
= b =Aa.b, =da,. b = da,
b _ b b
a

=4

N — = =
a,

Thus, the respective components of aand b 5pe proportional.

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

The correct answer is D.



= r !
Find the angle between two vectors & and b with magnitudes ¥
having d-b =16 .
Answer

It is given that,
d[=+3, |p|=2and, d-5 =6

i-b =|.ri| b.|c:u:-sﬂ
Now, we know that .
6 =3x2%cosd

J6
V3x2

= cos (=

= s =

ol

—g=1
4

=] A

Hence, the angle between the given vectors dand? is

T A " al T _ % I
Find the angle between the vectors’ ~ </ +3k and 3/ -2 +4

Answer

The given vectors are = i—2j+3kand b =3 -2]+k

3 and 2, respectively



|a| 1*+(-2) +33:\|'1+4+9=u"'ﬁ
;,-:|=J33+[—2)'+|3 = J9+4+1=414

Now, d-b = (i =2j+3k)(3i —2j+)
=1.3+(-2)(-2)+3.1
=3+4+3
=10

b =il [b|cos 0
Also, we know that .

S10= \fﬁ\!ﬁcnsﬁ

10
:cosﬁzl

14
=@ =cos ' [E]
-

Question 3:

Find the projection of the vector' ~ J on the vector! T/

Answer

T %

Letd=i—1], e‘_=f+}_

=l

Now, projection of vectoraon
1
1.1 :— ~1)=0
|b\(‘”’) F 10} = 5000

is given by,

Hence, the projection of vector aon b is 0.

Question 4:

Find the projection of the vectori +3j+7k

Answer
Lotd=1+3]+Tk jqb=Ti—j+8k

Now, projection of vector@on?® is given by,

on the vector?j

—j+3£'



LS _ | 3(- - T-3+50 _ 60
|5|(a ,_r}] \,Ir?3+{—l]:+83 {I{?]+ { I:H?(B]I Ji9+1+64 114

Question 5:

Show that each of the given three vectors is a unit vector:
1 &, A - 1 - - L] 1 Y - -

o b K > B = P . .? o - D

T(H; +J;+ﬁk)~,f(3f 6] +.,k)*T(ﬁr +2]-3k)

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

Answer

leta=— (2;+?J+ﬁk) % %f+g£

S - [§] 2 -

b=—|3i-6j+2k|==i-—=J+=k,
?( j+2k) 7773

. - 2+ 3~

¢=—(6i+2]-3k)=oi+Z -2k
?(’ J=3k) 7777

. (2]” [3]“ [ )’ 4 9 36
ﬂ'|= + + = + + =
7 7 49 49 49

]" 9 .36 4
29739 397

[6]" 2)1 37 [36 4 9

—| +| = +| —= —t—t+—

7 7 7 49 49 49

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

233[—6]&261312
+

7

777 49 49 49

- 36 -6y 2 2 [—3] 18 12 6
hit=—x—+|—|t—+—x — |[=———F-—
77 707 7 7 49 49 4'5'
. 6 2 2 3 [-3 f:- 12 6 18
- d=—X—F—X—+| — —t———=
77 7 7 7 T 49 49 49

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



Question 6:
caldl |h| (a+5)-(a-p)=8and |a =8[e]

Answer

S =5 [l=sp]

:::63|f:| =8
8

= |.5 | = % [ Magnitude of a vector is non-negative|
=1 242

el 8x242 1642

|a|=3|b|= W] = 35

Question 7:

Evaluate the product(ga _55).(25 N ?E] .

Answer

(36-5b)-(2d+75)
=3G-2a+3a-Th —5b-2a—5b-Th
=6a-d+21da-b—10d-bh—35h-b
= 6laf +11a-b-35|5[



Question 8:

Find the magnitude of two vectors @ and b , having the same magnitude and such that

the angle between them is 60° and their scalar product is 2,

Answer

Let 6 be the angle between the vectors@ and b.

l=b|. G-b=" and 0=60°
It is given that 2
b =il |b|cos 0

We know that .
N %: |ﬁ||ﬁ|cosﬁﬂ“‘ [Using {l]]

I e 1
:>—=|f.‘| =

2
=a| =1
= |d|= || =1

Question 9:

Find |1| , if for a unit vector

Answer

(x-a)-(x+a)=12

—F.F4Fd-d-F-a-d=12
=¥ -|a[ =12
= -"’|3 -1=12 [|cf| =1 as d is a unit vectnr]

=3[ =13

A ENE

d, (¥-d)-(¥+a)=12

(1)



Question 10:

pd =20+2j+3k b=—i+2j+kand ¢ =3/ +j 500 guch thatd + 4D is perpendicular to€

then find the value of A.

Answer

The given vectors are d =2/ +2 ] + 3, b= —.r?+2_}+a".’ﬂ~ and ¢ =3/ + J.
Now,

G+ b =(20+2j+3k)+ A(~i + 2]+ k)= (2= 2)i +(2422) ] +(3+ 1)k
It [.:".- + b ) 15 perpendicular to ¢. then

(a+2b)-c=0.

=[(2-2)i +(2+22) j+(3+ A)k |- (31 + ) =0
=(2-A)3+(2+24)1+(3+4)0=0

= 6-34+2+24=0

= -A+8=0

= Ai=8

Hence, the required value of A is 8.

Question 11:

[ +[5|a [ -[5|a

Show that , for any two nonzero vectors @ and b

Answer

(Ialb +[p|a)-(|al5 ~|b|)

is perpendicular to

—lal'5 -.'f'.;—|-:i||h.|f:;-fi+|b.||fi|a'r-!:rl—|h.|: -3
=af*[6] ~[5[ [af
~0

|a‘\i£+|5|fiand|a‘\£—|ﬁ|d

Hence, are perpendicular to each other.

Question 12:

ifa-a=0anda-b =0 then what can be concluded about the vector? ?



Answer

It is given that@ d =0anda-b =0,
Now,

-d=0=d =0=d =0

o, d 15 a Zero vector,

Hence, vector? satisfying a-b=0can pe any vector.

If either vectord =0orh=0  thend b =0 Byt the converse need not be true. Justify
your answer with an example.

Answer

Consider a = 2/ +4_}' +3kand b =37 + 3; — 6k.

Then,

5-5=2.3+4.3+3{—6)=ﬁ+12—|3={}

We now observe that:

d|=v2" +4°+3° =29

na#0

— W . =

h| =343 (-6) =54
h=0

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 JABC. [JABC is the angle between the vectorsm and E'T]
Answer
The vertices of AABC are given as A (1, 2, 3), B (-1, 0, 0), and C (0, 1, 2).

Also, it is given that CJABC is the angle between the vectorsﬂ and BC



1)} i +(2-0)j+(3-0)k =27 +2; +3k

0|
-
{{J D +(1-0)j+(2-0)k =i + j+2k

Bﬂ-B{_T:(Zr'+2j+.:k]-(f+j+2£’)=2><I+2>Cl+3><2=2+2+6=lﬂ
BA| =27 +27 430 = 45459 =17

B_C|=M=JE

Now, it is known that:

BA-BC =|BA||BC|cos( ZABC)
10 =17 x\J6 cos( £ABC)

= cos( ZABC )=

7
= ZABC = cos™ (T]

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).

,-.Aﬁ:(2—|}f+{a—2)}‘+(3—?}:E=F+4}‘—4£
BC=(3-2)i +(10-6) j+(=1-3)k =i + 4/ -4k
?c={3-1}?+(m—2}_;+[— —7)k=2i +8] -8k

BC|= J1~+4+ =J1+16+16 =33
AC|=W=M=@=2J’E
~.|AC| =|aB|+[B(]

Hence, the given points A, B, and C are collinear.



Question 17:

+k, i~ 3" —5k and 37 —4j -4k form the vertices of a right

Show that the vectors
angled triangle.

Answer

Let vectors >/ —J k. i =3j=5kand 3 =4/ -4k o osition vectors of points A, B, and C

respectively.
ie.OA=2i- _} +k, OB=i-3j—5kand OC =3/ —4] -4k

Now, vectors BC, and AC

represent the sides of AABC.

ie. OA =2;—_,f+;:}“~ OB=i-3j—5k, and OC=3i —4]—4k

.-.E= (1-2) +(=3+1) j+(-5-1)k =~ -2/ -6k
C=(3=1)i+(—4+3)j+(-4+5)k=2i—j+k

-

{’J 3}:+{—I+4}j+{|+4}k——.ﬂ+1;+ Sk
|ﬁ|=J(-|}-+(-z]-+(-ﬁ] = J1+4+36 =41

BC|= {22+ (1) +1 = VA Te1 =
|ﬁ|=¢m=m=@
'L‘|BCI|:+|‘6‘C|: =ﬁ+35:4|=|,q|§',|:

Hence, AABC is a right-angled triangle.

Question 18:
Ifdis a nonzero vector of magnitude ‘a’ and A a nonzero scalar, then A d s unit vector if

(A)A =1 (B)A = -1 (C) a=|4|

(D)

Answer

1= . AAddl=1
Vector 9 is a unit vector |f| |



Now,

|Ad| =1
= |4|a|=1
]
= |d|=— [4#0]
14
1 ,
== dl=a
1
id=—
A

Hence, vector ¢ is a unit vector if | ”| .

The correct answer is D.



Exercise 10.4

Question 1:

Flnd| ,Ifﬂ:f—‘?j-"?kandb:S‘f—zJ'sz.

=i(~14414) - j(2-21)+k(-2421)=19] +19%

JaxB=(19) + (19) =\2x(19)" =1942

Question 2:

Find a unit vector perpendicular to each of the vector athanqa—b , Where
a=3+2j+2k qb= i+2j-2k
Answer

We have,

3z3f+2}+2£§and5: f+2j‘—2!’f

catb=4+4] a-b=2i+4k

ik
[a+5]x[a_5]= 4 0|=i(16)- j(16)+k(-8)=16i —16 8k
0 4

bo g

(@ B)(a-5) = 16"+ (-16)" + (-8)
=2 %8 22 <8 + 8

82 427 41280 =8x3=24




Hence, the unit vector perpendicular to each of the vectors @ +handa—b is given by the

relation,
:i(fm{]x((;_ﬁ}:im; 16 -8k
(a+b)x(a—b) 24

T

i
- = = 2 -
If a unit vector ? makes an angles 3with 4 with / and an acute angle 6 with k , then

find 8 and hence, the compounds of & .

Answer

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

O @=ai+ta,j+ak

. . . al=1
Since @is a unit vector, | .

T

i

- I,— - -
Also, it is given that 2 makes angles 3with 4 with / , and an acute angle 6 with k.
Then, we have:

T aq
COS —=—
3 la
1 ]
= E a, Ua| IJ
T oa,
CO5— = ——
4 d|
_:-M;E:a: [|c:|—l]
Also, cosd = u—
da

=» a, = cosd



MNow,

jal =

2 2 2
= aja +a” +a =]

:;»(%]2 +(%T +cos’B=1

= ! + : +cos’B=1
4 2

3
= —+cos’B=1
4
= cos?@=1->=1
4 4
:-cc-sﬂ:—::sEl:E
2 3

- ( 1 1]
— _ j L] A
Hence, 3 and the components of Zare**~ \E 2 .

Question 4:

Show that

(a-B)x(a+B)~2(ax)

Answer

(@=b)x(a+b)

= (a' -b ) xd+ (d -b ] x b [B}' distributivity of vector product over addttinn]
=dxa—bxa+dxb—bxb [ Again, by distributivity of vector product over addition |

=0+dxh+dxh-0

=2axh

Question 5:

Find A and o i (2?+6}+27§)x(f+1}+;}.§)=E}.



Answer

(2f+6j+27£]><(f+«1}'+p1:]=ﬂ

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

= 1 (6u—272)— J(2u—27)+k(24-6)=0i + 0]+ Ok
On comparing the corresponding components, we have:
6u—-274=0

2u4-27=0

24-6=0

MNow,

2A-6=0=4A=3

7
2;:—2?:0:;1:%

] 27
A=3and g=—.
Hence, 2
Question 6:
Given that @0 =0andaxb=0_what can you conclude about the vectors¢and b5
Answer
a-b=0
Then,

5| =0 b" =1 ilb (in case a and b are nﬂn—zem)
(i) Either or , or

;J'X:E:D

5-| =1 h'| =0 d ||.’:; (in case a and b are nﬂn—xera)]
(i) Either or , or

But, dand P cannot be perpendicular and parallel simultaneously.

_]- :U b.‘={]
Hence, £| or .



Question 7:

i b © ai+a,j+ak, bi+b,j+bk, ci+c,j+ck

Let the vectors “* ** * given as . Then show

=ax(B+¢)=axb+dxé

that

Answer

We have,

d :u,fvul_;+u3ﬁ;., b :b1f +b2_}‘+bg£., ¢ :c'1f+c'3_}‘+ L'R.ﬁ?

[b+c):{b1 +¢, )i +(b, +c, };‘+(b3+c-3]ﬂ;
i j k

NUW,ﬂ:X(E+C‘] a, a, a,

b+ec, b+e, b+e

;[{ (by+¢,)—a. l:h +¢2}:| [”| h +c$} —ay (b +¢)) :|+k|:a] h +ey ) ”z{h|+‘~'l}:|

=i [a,hy +aye, —ah, —aye, ]|+ j [—aﬁ:x —acy +ah +ae |+ k [ab, +ac, —ah —ae, ] (1)

i ik
ixb=|a a a
b b b

f[asz—a1h3]+}[blal —ﬂlb;]+£[a1b2 —a,h | (2)

ij ok
axc=|a, a, a
€ C G

=i[ac, —ae, ]+ j[ae, —ae |+ k[ae, —ae]  (3)
On adding (2) and (3), we get:
[a X 5)+ [5 % E) =i [ab, +aye, —ab, —a.c, |+ j[ba, +ac, —ab,—ac,]
+k[ab, +ac, —a,b —ay,] (4)
Now, from (1) and (4), we have:
dx[5+c’)=dx5+dxg’

Hence, the given result is proved.



If either @ =0orb=0 , then axb= ﬂ. Is the converse true? Justify your answer with an
example.

Answer

Take any parallel non-zero vectors so that”xh ZU_

Letd =27 +3]+4k, b =4i +6]+8k.
Then,
i
dxbh=2
4

= 7(24-24)= (16 -16)+ £ (12-12) = 07 +.0] + 0k =

[= L P Y
[ o R

It can now be observed that:
d]=v27 + 3+ 4 =29
sa#l

b6 5 = TG
RN

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:
Ag =(2-1)i+(3-1)j+(5-2)k =i+2j+3%k

BC =(1 —2}f+{5—3}.}_{5_5)£ =—i+2j



= l|ﬁB1 ® BC|
Area of AABC 2

B <xBC=

i
1

:;{_6)_}{3}‘*kﬂ{2+2]=—6f—3}+4£

[ SN T
=

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

. A6l )
15 —— Sqll:—]l‘E units.
Hence, the area of AABC

Question 10:

Find the area of the parallelogram whose adjacent sides are determined by the vector
a=i-j+3kandb=2i-T]+k _

Answer

) . Fand b . dxb
The area of the parallelogram whose adjacent sides are @ dlld 7 jg
Adjacent sides are given as:
a=i-j+3kandb=2i-T]+k

- - ~

ik
saxb=|1 =1 3 =i(-1421)- j(1-6)+k(-7+2)=20i +5] -5k
2 7 1

ax5|:\3202+51 +57 = J400+25+25 =152

Hence, the area of the given parallelogram islj"@ square units

Question 11:
1 2
a4 ,r}| N
3

o

- I =3 =l . . .
Let the vectors Zand b be such that and , thend %b s a unit vector, if

the angle between 4 and b is



T T T ¥IN
(A) 6(B) 4(c) 3 (D) 2
Answer
d =3 and [p|= “E
It is given that 4.

xb = a|b| sin @

We know that , Where f}is a unit vector perpendicular to both “ and

@ and? |

b and 6 is the angle between

|-:i><E

-7 —1
Now, %P s a unit vector if .

axh

= \&”E|sinﬁﬁ‘=l
= [a|b|lsin 6] =1
i.‘ix%xsimﬁ':]

—=5ind =

Si-

—p==
4

T

Hence, d*%bis 3 unit vector if the angle between “ and b is4 .

The correct answer is B.

Area of a rectangle having vertices A, B, C, and D with position vectors
e tiedk ielieak i-Lieak i-Llieai
2 2° 2 and 2 respectively is
1
(A) 2(B)1
(©)2(D) 4

Answer



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

(}.a.'z_h%jm;}__ Dl?ﬂ:f+%}+4§__ nc':f_%jmﬁ, (}[iz_?_%jmé

The adjacent sidesﬂ_ﬂ and BC of the given rectangle are given as:

AB=(]+1}:+[;—;]_}+{4—4}f;=2r

BC=(1-1) +(___l]_;+[4_4];2=_;
ik

~ABxBC=2 0 0/=k(-2)=-2k
0 -1 0

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

dxh

a and Eis

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

The correct answer is C.



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

Answer

If Fis a unit vector in the XY-plane, then " = ©9% 01 +sinj.

Here, O is the angle made by the unit vector with the positive direction of the x-axis.
Therefore, for 8 = 30°:

. « 3. 1.
F=cos30% +sin30° ) = X -
2 2
V3. 1.
—i+—
Hence, the required unit vector is 2 2

Find the scalar components and magnitude of the vector joining the points
P(x. ¥, z) and Q(x,, s, 2.)
Answer

The vector joining the points P(x. 31 2,) and Q(xy, ». z3}can be obtained by,

P(j = Position vector of () — Position vector of P

(J.': - X ]; +(v, =, ]j—{z: -z }.f[
m = \III(-\'? =X )J +{.1}: -W ]: +[—'? = }:
Hence, the scalar components and the magnitude of the vector joining the given points

(62,0~ 0):(z= 2} g V=0 + (= 0) +(52-2)

are respectively

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



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 Bl i i
- A 41111 o o
'

\ 5

Now, we have:
OA =—4i
AB =f|ﬁ|c056ﬂ”+}|ﬁ|sin 60°

::3x—|+_;'3><£
2

3. 33 -

=—i4+—

2 2

By the triangle law of vector addition, we have:
OB =0A + AB

=(_4f)+gf+%j]

Hence, the girl’s displacement from her initial point of departure is

5. 3.

B RS

2 2



|-:1"|:b +|c

Ifd =b+C then is it true that | | | |? Justify your answer.

Answer

In AABC. let CB=d. CA=bh. and AB=2¢ (as shown in the following figure).

-
B o
i

=1

Now, by the triangle law of vector addition, we have =b+c,

. |-:i|~ |f:r'|~and |c:| _
It is clearly known that 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.

.'.|fi| -:|f;|.|+‘c:|

Hence, it is not true that|{j|=|ﬁ|+|c:| .

x[?+;+k)

Find the value of x for which is a unit vector.

Answer

1.[:+;+k) x(f+j'+§)‘=]

is a unit vector if



MNow,
‘x(f+.}+§)‘=l
_>1.|'x"+x:+.!:: =1
= 4/3x" =1

:::\EI:I

1
= i=t—
3

+
Hence, the required value of x is

-

Question 6:

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

Answer

We have,

d=2i+3j—kandb=i-2]+k

Let € be the resultant of @ and E

Then,

¢=d+b=(2+1)I +(3-2)j+(-1+1)k=3i+

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

+5.¢ =15-L(3F+j)=i"“?i :t@j',

V1o




Question 7:

d=i+j+k, b=2i—j+3kandc=i-2j+k o4 5 unit vector parallel to the

vector2d—b +3¢

Answer

We have,

G=i+]+k b=2i—j+3kandé=i-2]+k

26 —b+3¢ = 2(;‘“+}+E)—(2E—j+3£]+3(f—2j+é)
=21 +2j+2k—2i+ j—3k+3i —6]+3k
=3 -3 +2%

|2d—}5+3;=|= J3+(-3) +27 =\019+4 =422

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

-

2i-b+3¢  3i-3j+2% 3 . ;

3. 2
: = = i +
|2{5—b+3rf| J22 NN RN

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).

L AB=(5-1)7 +(042) j+(-2+8)k =4i +2]+6k
BC=(11-5)i +(3-0)j+(7+2)k=6i +3]+9%
AC=(11=1)i +(3+2) j+(7+8)k =10i + 5] +15k

AB| =47 +27 467 =\J16+4+36 =56 = 2\/14

BC| =67 +3" +9° =36+9+81 =126 =3J14

AC| =107 +5 +15° =100+ 25+225 = /350 =514
~|AC|=|AB|+[BC|

Thus, the given points A, B, and C are collinear.



Now, let point B divide AC in the ratio4:1. Then, we have:

DB_ADC+0A
T (A+])
oo A11F+3]+Tk)+(i - 2] - 8k)

A+1
:j{i+|K5F—2£)=114?—3a}+?1§+f—2j—s£
= 5(2+1)i =2(2+1)k=(111+1)i +(32-2) j +(72-8)k
On equating the corresponding components, we get:
S5(A+1)=112+1
= 5A+5=111+1
= 6i=4

4 2
= A=—=—
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
(2d+b )and(a-3b)
whose position vectors are* ; " externally in the ratio 1: 2. Also, show
that P is the mid point of the line segment RQ.

Answer

It is given thatUP =2a+h, OQ=a-3h .
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:

2(2d+5)~(a-3b) _4a+2b-a+3b _
2-1 1

OR = 3 +5h

Therefore, the position vector of point R is 3a+5b
0Q +OR

Position vector of the mid-point of RQ = 2



Hence, P is the mid-point of the line segment RQ.

The two adjacent sides of a parallelogram arez"‘ —4)+5k and i=2j-3k

Find the unit vector parallel to its diagonal. Also, find its area.
Answer

Adjacent sides of a parallelogram are given as: a=2i- 4} +5k and b=i- 2-; -3k
Then, the diagonal of a parallelogram is given by5+E .

G+bh=(2+1)i +(-4-2)j+(5-3)k =31 -6 +2k

Thus, the unit vector parallel to the diagonal is

a+b __3i-6j+2k _3i-6j+2k _3i-6j+2k 3, 65,24
|a+5| wl"3r+(_f,}-"+zz Jo+36+4 7 7 701
. |-:1'r><|’1'
-~ Area of parallelogram ABCD =

ik
ixb=2 -4 5

1 -2 -3

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

slaxb| =122 +17 = 1145
jaxb|

=
Hence, the area of the parallelogram is LIN5 square units.



Show that the direction cosines of a vector equally inclined to the axes OX, OY and OZ
1 1 1

are\'@‘ ‘-'E ‘E.

Answer

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

cos’ @ +cos” o +cos” @ =1

= 3cos” @ =1

1
= COos0 = —=
V3

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

1 1
are\'@‘ ‘-'E ‘E.

+47+ 2k, b=3i=27+Tk jnqc =21 = J+4k Fing a vector @ which is

Let a=i
perpendicular to both @and?, and¢-d =15
Answer

Letd =di+dyj+dik

Sinced is perpendicular to both@and ? , we have:

d-d=0

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

dh=0

=3d, -2d,+7d,=0 (i)

Also, it is given that:
¢-d=15

= 2d, ~d, +4d, =15 ...(iii)



On solving (i), (ii), and (iii), we get:

5
m=H@JL=——amhﬁ=—zE
33 T3
L 160s 5+ T0~ 1y a _a
cd=0r 25 O L60i—57—70k
T3S 3( i—5]-170k)

Ty, =0 _- -
—[If:-f}:' -5;—?{)&]
Hence, the required vector is 3 .

Question 13:

The scalar product of the vector’ T/ * k with a unit vector along the sum of vectors

20 +4) 5k and Al +2j+3k is equal to one. Find the value of;‘: .
Answer

(zf+4j—5£)+(af+2j+3£)

=(2+2)i+6] -2k

(2?+4E—5£)+(Af+2f+3£]
Therefore, unit vector along ' '

(2+A)i+6j-2k  (2+4)i+6j-2k (24 A)i+6]j-2k
Joray 46 +(-2) NA+ai+2T #3644 V2 edirad

is given as:

i+

A " f:)
Scalar product of( 4 with this unit vector is 1.

e a o (24A4) 4672k
(e gei) B 62
PoJAr 144444
2+ 4)+6-2
:}%:]
VAT +44 + 44
= AT +41+44 = 1+6
= A2 +44+44=(1+6)
= A +4A+44 =" +124+36
—81=8

= A=1

Hence, the value of A is 1.



Question 14:

If a,e’r.care mutually perpendicular vectors of equal magnitudes, show that the vector

at+b+cig equally inclined to a’hand ¢

Answer

d.b, and € 5re mutually perpendicular vectors, we have

5‘5:5{:55:{]
It is given that:
aefl-k

Since

E;Iﬁ 331 and &

Let vector @+b+¢ pe inclined to @7 and € 5 angles 3 respectively.

Thenr we have:

@+b+5}ﬁ_55+5ﬂ+aﬁ

costd = _ _ .
jd+h+dal  |avbed|a
_ |¢f|2 o
_|d+h'+.:,'-||¢,:| [b =2 u_t):l
.
|a+5+q
cos =((_+f+5)'_‘g =a'-b' +i>'.h'+¢i.;;
a+b+cb|  |a+b+elfp
Er o
‘E+5+z.g| [u hz{.-hzu]
d
=|£‘t+|ﬁ.+¢|
cos @, _(u+,‘i+,~=) € _a E+.|5:,E+.§.{_-
‘E””CHL ‘ff+h +E“E|
i o



Now, as|d|=|h.| :|£:|, cos 6, = cos 6, = cos b,

~6=6,=6,

G+b+é I -
Hence, the VECtOF( )is equally inclined to @b, and &

Question 15:

p +ﬁr

a+b).(a+h)= ;

Prove that( , if and only if 4 7are perpendicular,

givena-f_t{.], h?ﬁﬂ_

Answer

{& +}§),(n' +f’§) = |a}|2 + |!;|2

e d-d+d-b+b-a+b-b=|af +[s[ [ Distributivity of scalar products over addition |
= u'|:' +2d-b+ b‘ = d|: +|:5'-|'1 [d-hr: b-d {Scalar product 1s wmmutative]]
< 2i-b=0

e dh=0

c.d and b are perpendicular. [di 0, b=0 I[Given]]

Question 16:

If 8 is the angle between two vectors 9 and b , then ab=0 only when

)

0<B<’ p<p<=
(A) 2 (B) 2

(C) Di’ﬂf&ﬂ‘(D) 0=8<n
Answer

Let 8 be the angle between two vectors ¢ and?.

Then, without loss of generality, & and b are non-zero vectors so

al and |b| are positive
that| | | | B



i-b :|a"| a’::|::ﬂs€
It is known that .

nd-b=0
= |d|b|cos0 20
= cosd =) [|ﬁ| and |5| are positive}
—0<0<X
2
. 0<o<”
Hence, @020 when 2

The correct answer is B.

Let @and P be two unit vectors and@ is the angle between them. Then@+Pis a unit

vector if

T Togo2m
A 4B) 2 3

Answer

(D)

Let @and P be two unit vectors and8 be the angle between them.
al=[p|-1
Then, .
=1 a+b/=1
Now, @+ is a unit vector if .



&+Er|:l

4

:>(;-+5) =]
:»(E:+5)(E:+5] =1

= aa+ab+ba+bb=1

C+2ab+

*

=la b

=1 +2 c}||{;|cosﬁ+13 =1
=1+2.1.1cosB+1=1

= cosb = —l
5

-
T

39=T
2

- - f="—
Hence, @+ b is a unit vector if 3

The correct answer is D.

Question 18:
e vae o TRV R(ExR) ()

(A)O(B)-1(C)1 (D)3

Answer

=id4jo(—f)+k-k

IS

=1-j-j+1
=1-1+1
=1

The correct answer is C.

Question 19:

If 6 is the angle between any two vectors @ and b , then

ab

o

when Bisequal to



T x
(A)0 (B) 4(C) 2(D)n

Answer

Let 6 be the angle between two vectors EIand E

Then, without loss of generality, EIand Eare non-zero vectors, so
at|a:i| and |b | are pm'.itive.

a-b| =|axb|

= 5|5|c05ﬁ=|&||5|si|1{]

= cos O =sin0 [|E| and |E; | are pasilivc}
= tanB =1
—0="
4
— [ — T
ab|=|axb -
when Bisequal to 4

Hence,

The correct answer is B.





