Class XII Chapter 10 - Vector Algebra Maths

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

Answer
Morth i3
A p Scale
10 kmi
West - = Easl

8]

Y
South

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
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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.

o

>
— —
d b
| I, |
—

-
(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.
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Vectors 9 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:

T - H - - . 1 - | 1 -
da=i+j+k: b=2i-T7j-3k =it =k
Answer

The given vectors are:

G=i+j+k; b=2i-7]-3k

dl=\(1) + =3
b M’z [-3)
J4+49+9

J—

[‘+
\[i

Question 2:

- 1 - -
= i+—=j——=Kk
NN RN

:’:n
t’:nl—

(&)

Write two different vectors having same magnitude.

Answer

Consider a :[F 2+ 3&7) and b= (zf+ i —3&).

It can be observed that |ﬁ|= I+(-2) +3° =/1+4+9 =+/14and

bi=y2" 12 +(-3)" =Ja+1+9 =414,

Hence, @ 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 = (Zf +27+ ZLT].

I'he direction cosines of p are given by,

| 1 I 1 I I
{= . = L m= ==, and i = e = -
Ve 3 Earer V3 JEsror 3

The direction cosines of g are given by
2 2 1 2 2 1

{= = = . M= = =

27427420 2y J2e2i42 23 B

N

w3
<
Py

[ B

2 1

and n = ==
J22 422422 243 3

The direction cosines of ¥ @9 ¢ are the same. Hence, the two vectors have the same

direction.

A * v
Find the values of x and y so that the vectors 20 +3j and xi + yj are equal

Answer

Al % oo
The two vectors =/ +3/ and xi + yj 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

=PQ=-T7i+6j

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 @ =1 —2/+k. b==2i+4j+5kand c =i -6j-Tk

Answer
i-2j+k. b=-2i+4j+5kand c=i-6j-Tk

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

Find the unit vector in the direction of the vector? =/ 7/ +24 .
Answer
. a
- = 2% af =11
The unit vector ?in the direction of vector ¢ =/ 7/ +2k is given by M

A=V +1P 42 =1+1+4 =16

.ooa i+ j+2k 1

g=—=

| . 2 -
— =i+ —=j+—=k
R R G

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

PG =3 +3 +3 =\959+0 =27 =33

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

PQ 343743k 1 - 1 - 1
Q _3i+3j RN

pg W5 BT

k

ey
ey
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For given vectors, a=2—j+2kgnq b=—i+]

of the vector @+

Answer

The given vectors are 9 = 20— j+2k and? = —i+j-k
d=2i—j+2k

b=—i+j—k
narh=(2=1) 4+ (=1+1) j+(2-Dk=1i +0j + 1k =i +k
ri—35| *JW::\"E

G+b
Hence, the unit vector in the direction of [ )is

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

Answer

Letd =5i — j+2k.

~al= NER "+ (1) +"" 54144 =030
- £=5f'—_,r'+1k

Lol =

FRT

—k , find the unit vector in the direction

Hence, the vector in the direction of vectors"— —Jj+2k which has magnitude 8 units is

given by,

i
- [si-j+2k)_ 40 . - :
ssogl 5 2k ‘_ 0; 8 s 16,
30 NN RNET)
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[5.1"-—_,."-+2£-
8 -4
W30

40 - § - 16

— ——j+ k
B0 Y0’ o

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 25—3_}'+4ﬂ —2i

~Sh=Ada
where.
A==2

Hence, the given vectors are collinear.

Find the direction cosines of the vector | +2/ +3k

Answer
Letd=i+2]+3%
slal=A1r 2743 =J1+419 =414

a are ! 2 3 |
il | ."_ 5 ; - ,l'_ I.
Hence, the direction cosines of V14 "'{E V14,

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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S AB=(—1-1)i +(2-2) j+{1-(-3)}k
— AB=-2/—4j+4k

| AB|=\(-2) +(~4) +4* =Ja+T6+16 =36 =6

Hence, the direction cosines of ABare *

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

| 1
cosa—F.msﬁ =, 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

o - 5 _ L _ o % "
whose position vectors are | T=/ fand —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:
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mb+ na

m+n

ii. Externally:

mb— na
m—n

Position vectors of P and Q are given as:
(_'J_F"=::+2_;'—;QT and (_T_}z—:’ﬂ+_}'+£
(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,

] [ S ) B | N, ) R (5, S, N, 7 I N, '
3 deR)(i2i-F) )+(i+21-4)
241 3
—r: + -LJ; +|{; 1. 4. 1-
= =——i+ '
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+2_}+:£]—[E+2j—£)

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,

m_(2.':"3_;?4'4,{?)-_{4!:1'_;—21"{‘}_{2_4“_'_[3_'_”.}_'_{4_2};;
= . _ 2

: 5 "_3“ ) ) R
:E}.'+-IF_;.'+HR _3ie2ik
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Show that the points A, B and C with position vectors, d=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:
E=3f—4_;—4§;, Ez?:’n—_}#f; and E=f—3;—51’£
G=3—-4j—4k b=2—j+kandé=i-3]-5k
CAB=b—a=(2-3)i +(-1+4)j+(1+4)k =~ +3j+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|: =(=1)" +(=2) +(-6) =1+4+36=41

-:.,a{|'1 =2 4 (1) 4P =4+1+1=6

~|AB[ +|cAl =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
5 AB+BC—AC=0
c. AB+BC—-CA=0

o, 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 (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.

Page 12 of 46



Class XII Chapter 10 - Vector Algebra Maths

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

A. b =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=2b

If a =r:,:'-+ﬂ_..}'+u_.\ﬁ; and b =b,i +.’J_.j+.f:l_.,£. then
b = Ad.

= bi +b,j+bk = A (a,f rayj+ak)

= bi+b,j+bk =(Aa,)i +(Aa,) j+(Aa, )k

= b = Aa.b, =da,.b, = da,

b b, b

:‘;,_I:—:—:/:_

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.
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Find the angle between two vectors @ and ? with magnitudes V3 and 2, respectively

having ab=v\6
Answer

It is given that,

|¢i =4/3, h| =2 and, a-bh =+/6

a-h =|ri b

cos &
Now, we know that .

= _ 7 .
S0 =43x2xcosd

I3
= cos (= A
V3x2
. -g_ 1
= 0% _E
—g=1
4

A

Hence, the angle between the given vectors dand? is

2 %, af Y
Find the angle between the vectors’ ~ </ 3k and 31 —2j +k

Answer

The given vectors are¥ = i—2j+3kandb=30-2j+k .
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d|=m:\!1+4+9:ﬂ
5|=m:u’9+4+ =14

Now, d-b =(i-2j+ 3£)[3f—2_}'+£}
13+(-2)(-2)+3.1
=3+4+3
=10

i-h =|.ri| b.|::u:-sﬂ
Also, we know that .

S10= \fﬁmcnsﬁ

:cosﬁ'zm
14

i
— ) = cos '(E
\7)

Find the projection of the vector! =/ on the vector! T/ .

Answer

Let”:{_-fandhz""'f.

Now, projection of vectoraon’; is given by,
1 : | 1

— (@b )= — 1+ (=) () =—=(1-1)=0
|b‘( ) \r1+1{ (=) 7 )

Hence, the projection of vector aonb is 0.

Find the projection of the vector" +3j+7k on the vector

Answer
Lotd=i+3j+Tk goqb="7i-j+8k

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

7i-j+8k
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7-3+56 60

]—(:.:-E]= : I(7)+3(=1)+7(8)} =

) JT () 8 J49+1+64 114

Question 5:

Show that each of the given three vectors is a unit vector:
| ISP TN (ST SN B

N CHIE TS I A T .
T(H£+Jv,r+6ff}..?.{3f 6.;+_k)*7r{ﬁr+2; 3k)

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

Answer

Letd=— (.»_} + ‘.lj+f:-k} §I+%;+g£
£=]?(3F—ﬁ;+2£):;€—%_f+%£‘

¢ =%(f:-; +2j—3§):gf+zj—%£.

|§|=\/(§]j+[ J+ ? —y 9 49 49
]-+[ EJ E \.'49 ST

2 j]_ ( 3 y 2 :HS
+| = | +| —— —t— +
7 ?J 49 49 4'5"

_.111[{:].{2 18 12
ad-h = —+— — — —:———-I-
77 70 7) 77 49 49 49
. 3ﬁ(6]22[—3]18|26
hit=—x—+|—|t—+—x| — |[=———-—
7 7 0V7) 7 7 07) 49 49 49
6 2 2 3 6 18
cg=—x—+—x—+ +———
7 7 7 7 ? 49 49 49

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

- al |h| if[mfi]-(d ~b)=8 and |d :8|.F:;|.

Answer

= 63[p| =
. 8

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

f f

Question 7:

Evaluate the product(gd _SE)I(M N ?bl) .

Answer

(3a-5b)-(2d+7b)
=3d-2a+3d-7h—5b 26 -5b-Th
=6d-d+2ld-b—10d-b—35h-b
= 6laf +11a-b-35|5[
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Find the magnitude of two vectorsd 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.

. o
-:.r|: F}|. ad-h=—_and @ =60°,
It is given that 2

i-h =|.ri| b.|::u:-sﬂ
We know that .

1

= ldi||di|cos 60° [ Using (1) ]
I |

:>—Z|fi| =
2 2

=a| =1

= |d|= |§| =1

Find|'?|, i for a unit vector®” (¥-a)-(¥+d)= 12
Answer

(i-a)-(F+a)=12

=y x+xa—a-x—a-a=12

= _1"|3—|d|: =12

= 'T'|:. -1=12 [|d| —1asd is a unit ‘u‘ecmr]
=7 =13

|1| = \.l'fl_%

(1)
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Question 10:

ppd =20+ 2j+3k b=—i+2j+kand € =3+ j e uch thatd+4b s perpendicular to€ ,

then find the value of A.

Answer

The given vectors are g = 2i + Zj' +3k, b=—i+ 2; +k, and & =37 +j
Now,

G+ 2b=(20+2]+3k)+ A(~1 +2]+k)=(2-2)i +(2+22) j+ (3+ 1)k
It [.:': + AE) 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:

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

Show that

Answer

(|alb +[p|a)-(|al5 - |b|a)

is perpendicular to , for any two nonzero vectors and b

=(af’ &5 ~[a[5]5-+[pald -5~ |p] a-a
-l
~0

alb+[palalb~|ba

Hence, and are perpendicular to each other.

Question 12:

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

It is given thatd-d =0andd-b =0
Mow,

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

C.d is a zero vector.

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

If either vectord =0 orb =0 , then a-b =0 Byt the converse need not be true. Justify
your answer with an example.

Answer

Consider =2 +4 j+3kand b =3 +3 —6k.
Then,
.:.hh-:2.3+4.3+3{—6)zﬁ——12—|3:{}

We now observe that:

d|=v2" +4+3° =29

na#0

. - - . .=

bl =3 +3 +(-6)" =54
sbh=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 TJABC is the angle between the vectorsﬁ and BC
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BA={1-(-1)}i +(2-0)j+(3-0)k =27 + 2] +3k

BC

-
1

{0— (1)1 +(1-0) j +(2-0)k =i + j + 2k
BA'-BL?:(2?+2j‘+3é]-[?+}+2£):2x|+2x1+3x2:2+2+a:1u
BA|=v2'+2"+3 = V41449 =417

—1+1+2° = 6

Now, it is known that:

BC

BA-BC = |BA|[BC|cos(LABC)

10 =17 x\J6 cos( £ABC)
10

=

(10 J
= /ABC=cos ' | ——
Lvlﬂ'z

= 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).

LAB=(2-1)i+(6-2)j+(3-T)k=i+4j-4k
BC=(3-2)i +(10-6) j+(=1-3)k =i +4 -4k
AC=(3=1)i+(10=2) j+(~1-7)k =2 +8] -8k
AB = I’ +4° +(—4) =1+16+16 =33

BC| = 1" + 4 +(~4)’ =Vi+16+16 =33
AC|=V2 +87 487 = A+ 64+ 64 =132 =253
~|AC|=|AB|+[BC]

Hence, the given points A, B, and C are collinear.
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Question 17:

+k, =3 -5k and 37 ~4] -4k form the vertices of a right

Show that the vectors
angled triangle.

Answer

Let vectors 2! —J k. 1 =3 =5k and 31 —4 -4k o position 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)i +(=3+1)j+(-5-1)k =~ -2 -6k
C=(3=1)i+(—4+3)j+(-4+5)k=2i—j+k
C=(2-3)i+(=1+4) j+(1+4)k=—i +3]+5k
|ﬁ|:\/(—l}'+{—2]'+{-ﬁ] =J1+4+36 =41

BC| = 22+ (1) +1* =4+ 1+1=6

— P —
|AC|=¢{—1)‘+31 +5° =\1+9+25 =35

.‘.|BC'|: +|;tu::'|2 :ﬁ+35=4I=|AE|2

Hence, AABC is a right-angled triangle.

Question 18:
Ifd is 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]
]
027
oy

Answer

1= ) _|Aal=
Vector 9 is a unit vector if |
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Now,
|Ad| =1
= |A]|a| =1
1
= |d|=— [4#0]
4]
| .
_>H=7~ |:|ﬂ|=r!:|

]

=

Hence, vector 4 is a unit vector if

The correct answer is D.
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Exercise 10.4

Question 1:

axB| Goio7jerh, B=3i-2j+2k
Find ,if Y and Y .
Answer

We have,

a=i-Tj+7k jqb=3-2j+2k

ik
axh=|1 -7 7
3 -2 2
=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=3i+2j+2k , qb= i+2j-2k

Answer

We have,

a=3i+2j+2%k b= i+2j-2k

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

3
0|=i(16)-j(16)+k(-8)=16i —16 -8k
4

S g

;
(a+B)<(a-5)= 4
2

fa+b)<(a-5) = J16 + (~16) +(-8)’
2B+ 28+ 8

—8V2 427 41 =89 =8x3=24
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Hence, the unit vector perpendicular to each of the vectors @ +handa—b is given by the
relation,

=+(ri+h-]x((.f—h-}= 16i —16] %
a+p)x(a-p) 24
=¢2’:_2-‘}_£=r3513}'11£

3 33773

T

i
= 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.

a d =ai+a,j+ak

. . . al =1
Since @is a unit vector, “ .
T ~ I
- = = 2 -
Also, it is given that ? makes angles 3with 4 with / , and an acute angle 6 with k.

Then, we have:

Toog
Cos =
3 g
1 )
= — =, “u| IJ
2
T oa,
Cos— = —
4 :;r|

= ! =a, [|ci|=|]

[
Also, cosf =,

o

= a, =cosd
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MNow,

11 1
27272

Hence, and the components of aare[

Question 4:
Show that

(5—;3]454]:2[&5)

Answer

(@—b)x(a+b)

= (a -b ) xa+ (a ~b)xb [ By distributivity of vector product over addition |
=dxa—bxa+dxb—bxb [ Again, by distributivity of vector product over addition]|
=O+dxh+dxh-0

=2ax=h

Question 5:

Find A and g if (2f+ﬁj+2‘?§]x(f+ij+y§)=EJ"
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Answer
(2;+6j’+ 2?12]><(f7+ i}+pf]: 0

-

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

= i(6p—272)— j(2u—27)+k(24—-6)=0i +0j+0k
On comparing the corresponding components, we have:
6u—-274=0
2u-27=0
24A-6=10
MNow,
2i-6=0=>41=3
27
2,{:—2?=ﬂ:;r=?

A=3and y= E
Hence, 2

Given that @0 =0andaxb =0 what can you conclude about the vectors@and b5

Answer

a-b=0

Then,

h" =0 ilb (in case a and b are n{m—zert‘.r)

(i) Either 1970

;J'XIJ:D

or , or

L ;;| =10 h'| =10 d ||!:; (in case a and b are n{}n—xﬁ'm)
(ii) Either or , or

But, dand P cannot be perpendicular and parallel simultaneously.

al =1 f}.‘=ﬂ
Hence, ”| [or .
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Question 7:

a, b ai +a,j+ak, bi +b,j+bk, ci+e,j+ek

Let the vectors » € given as . Then show

:dx(5+c’):dx5+dxc‘

that

Answer

We have,

a =a,f-—u:_;+u1ﬁi—:, b=hi +bz_}‘+b_1£, E=ci+e,j+ cg.‘i;

[ﬁ;+(")={b] +6, )i +(by +c, ) j+(by ey )k
i j k
Now, dx(5+c'] a, d, .

b +c, b +c, b+e,

=i I:{J': [h'i N (,':J — (bz T6 ):I_-; I:al (h.‘ +C:!-}_”_'- {hl TG }:|+-£|:CF] (hz +¢, ]_ iy “'-H +L'l}:|

=i [a,b; + aye; —ash, —aye, |+ J [-ab; —ac; +ab +ae |+ k [ab, +ac, —ab —ae] (1)

i I k
Gxb= a4, d
b, b, b
= ;[thF _a}hi]+ ;. [hla} _alhﬁ]_‘- kh[':ﬂh: _aﬁ'h]] (2)
iJ ok
axc=|a, a, a
o0 O

=ifae, —ae, )+ Jlae, —ae | +k[ac, —ae]  (3)
On adding (2) and (3), we get:
{5 X B)+ (5 X E) =i[ab, +ae,—ab,—ac, |+ j[ba, +ac, —ab —ac,)
+k[ab, +ae, —a,b —ayc,] (4)
Now, from (1) and (4), we have:
dx[5+{r)=dxa+dxc’

Hence, the given result is proved.
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1f either @ =0orf =0 , then axb= ﬂ. Is the converse true? Justify your answer with an
example.
Answer

Take any parallel non-zero vectors so that%*? =0,
Letd =2{ +3]+4k, b =4 +6] +8k.

Then,

ik
ixb=12 3 4=7(24-24)- j(16-16)+k(12-12) = 07 + 0 + 0k = 0
4 6 8

It can now be observed that:
ld|=22 +3" +4* =29
a#0

b= V4" +6"+8" =116
R

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 sideSJm and BC of AABC are given as:
AB {2—]]f+[3—l}_}'+{5—2}£ i+2j+3k

BC =(1-2)i+(5-3)j+(5-5)k=~i+2]
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=l|ABIxBC:|
Area of AABC 2

i
AB xBC=|1

=i (~6)-j(3)+k(2+2)=—6i —3] +4k

[ S T
=T |

-|AB xBC|=(~6)" +(-3)' +4* =\36+9+16 = /61

. /6l .
1s —— square units.
Hence, the area of AABC 2

Find the area of the parallelogram whose adjacent sides are determined by the vector
a =f—}‘+31‘€nand{5=2f—?}‘+£ .

Answer

The area of the parallelogram whose adjacent sides are dand b is axb

Adjacent sides are given as:

fi=f—}+3£anda_’i=2.r:—?f+1;

naxb=[1 -1
2 7

Gxbl =200 +57 +5 = JA00+ 25+ 25 = 1542

1542 square units

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

Hence, the area of the given parallelogram is

, thend@*b is a unit vector, if

- _ ,r;| - E
b be such that aj=3 and 3

@ and ¥ is

Let the vectors aand

the angle between
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T T T T
(A) 6(B) 4(c) 3 (D) 2
Answer
. 2
d|=3and |p|= “C
It is given that S

x b =l b|sin 0 p

We know that , where Mis a unit vector perpendicular to both ¢ and

b and 6 is the angle between “ and b

axb

= il :I
Now, %P is a unit vector if .

axbl=1

= \E”E|siﬂ{?ﬁ‘=l
= [a sin 6] =1
:;»."}xﬁxsinﬂ:]
3
. 1
= 5ind = —
32
—g==
4

T
Hence, %D is a unit vector if the angle between ¢ and ' is 4 .

The correct answer is B.

Area of a rectangle having vertices A, B, C, and D with position vectors
L Y NS Y S WY S L PO
2 2 2 and 2 respectively is
1
(A) 2 (B) 1
(©)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 :—F+%j+4;5__ DE‘;:f+é}+4IE__ n(:':f-%jmf, (}Ij:—f—%j+4£
The adjacent sidesﬁ and BC of the given rectangle are given as:

)

r%B’:(m}h[1 ! ]j+{4—4}f2=2f

Pk
LABxBC=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

daxb

a and Eis

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

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 " = ¢08 Oi +sin ).

Here, 6 is the angle made by the unit vector with the positive direction of the x-axis.
Therefore, for 6 = 30°:

L3l

N
I+

S

F =cos30°% +sin30° =

!
2

I-.-'l|

V3.1
— =
Hence, the required unit vector is 2 2

Find the scalar components and magnitude of the vector joining the points
P{'T| 3 J.Il 1 z } and Q{-YJ- _1"‘:. Z:}
Answer

P(x. ¥, 2z) and Q(x,, s, 2,)

The vector joining the points <" can be obtained by,
PQ = Position vector of () — Position vector of P
(x,—%)i +(y— )i +(2 -2 )k
PQ = ,ll,'lll:x? -x )1 +H{y—-» ]2 +{z, -z, }2

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

are respectively {6 =x). (3= 3)(2-2)} and ‘-."r'[ x=x) (0 -n) =g ) _

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
v g
Sﬁmw
W LA B E
-l -+ e
A 4 km 0
i
: 5

Now, we have:
OA =—4i
AB :f|AP§|c05ﬁ[]°+}|AI§|5in 60°

:f3x1+_;3xL

2 2
3, 34'_
2 2

By the triangle law of vector addition, we have:

OB =O0A + AB

(4} f%ni;]

2

5. 33,
=—it+t——]
2 2
Hence, the girl’s displacement from her initial point of departure is
“5. 33
—fk—
2 2
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F=b+¢E . al = elI:"|+|(‘:| ;
Ifd =0%C then is it true that ? Justify your answer.
Answer

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

B e [a
il

Now, by the triangle law of vector addition, we haved =bh +¢

a'|~ |bl|~and |r_"|
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.

|a'| < ||’J| + ‘c:|

dl = 5|+|c:|
Hence, it is not true that .

X {.f +j+ k]
Find the value of x for which * is a unit vector.
Answer
1.{:+,r+k] .r(rf+j'+ﬂ’")|=1

is a unit vector if
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MNow,

‘1(F+}+f;) =1

=

-

Hence, the required value of x is

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,
G=2i+3j—kandb=i-2j+k
Let€ be the resultant of@ and b
Then,
E=d+b=(241)i +(3-2)j+(-1+1)k=3i+ ]

[ ra—
=¥+ =Jo+1 =410
. & [31'+j]
LOET=

T

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

+5.¢ =:t5-%(35+})=:t"m1 :tﬁj_
W10 2 2

~lé
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Question 7:

d=i+j+k b=2—j+3kandc=i-2j+k , find a unit vector parallel to the
vector2d —b +3¢

Answer

We have,

G=i+j+k. b=2i—j+3kandc=i-2j+k

2i—b+36 = 2(:‘"+}+;E)—(25—}+3£_]+3(f—2j+£]
=2 +27+2k 20+ j—3k+3i —6]+3k
=31 -3j+2k

[2d- b +3¢|= (3 +(-3) +2° =094 =422

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

2i-b+3¢ 3i-3j+2%k 3 . 3 . 2 -

- = =—i- J+ k.
|2fs—f;+3¢:| J22 J20 Y2t U

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).

ZAB=(5-1)i +(0+2) 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| =4 427 +6" =\16+4+36 =56 =2V14
BC|=/67+3" +97 =36+9+81 =126 =314

AC| =107 +57 +157 =100 +25+225 = /350 = 5+/14
~|AC|=|AB +|B(]

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

Dé_inﬁ+oﬁ
- (A+1)
ST i j,(l ]f+3j+?;§]+(f_zj_g;;)

A+1
=(A+ |](5f—2£):1uf—u}#mhf—zj—sﬂ

= 5(A+1)i =2(A+1)k=(111+1)i +(32-2) j +(72-8)k

On equating the corresponding components, we get:

5(A+1)=114+1
= 5A+5=114+1
= b6i=4

4 2
= A=—=—

6 3

Hence, point B divides AC in the ratio2:3-

Find the position vector of a point R which divides the line joining two points P and Q
(2d+b Jand(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 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:

2(2d+b)~(a-3b) 43425 -d+3h _
21 |

OR = 3 +5h

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

Position vector of the mid-point of RQ = 2
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=2i+h

=0P
Hence, P is the mid-point of the line segment RQ.

."'_ % % T_"J '._ r
The two adjacent sides of a parallelogram are 2 ~ 4/ +3k gng 1 =2/ -3k
Find the unit vector parallel to its diagonal. Also, find its area.

Answer

Adjacent sides of a parallelogram are given as: & = 2 —4j+5k gngb =i -2/ -3k
Then, the diagonal of a parallelogram is given bya'"‘"?' .

a+b=(2+1)i +(-4-2)j+(5-3)k =3/ —6]+2k

Thus, the unit vector parallel to the diagonal is

+b  3i-6j+2k  3i-6j+2k 3i f:jlzé__af 6:,2;
|f7+JG 1\'."'31+(—ﬁ}2+2i V9+36+4 7 7 777
a"xh.|
-~ Area of parallelogram ABCD =

i J ok
dixh=2 -4 5
1 =2 -3

.~.|a><b'|- 122 +12 =1145

Hence, the area of the parallelogram is LINS square units.

Page 39 of 46



Class XII Chapter 10 - Vector Algebra Maths

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

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 g, cos g, and cos a.

Now,

cos’ @ 4+cos” @ +cos’ @ =1

— Jcos =1

= COS (= L,_

W3

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

1
are \'@ "'E ‘-E

+47+2k, b=3i =27 +Tk jnqe =21 = J+4 Find 5 vector @ which is

Let ¢~

perpendicular to both @ and b , and cd =15

Answer

Lepd =di+d j+dk

Sinced is perpendicular to bothdand , we have:

d-a=0

—d +4d,+2d, =0 (1)
And,

d-bh=0

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

Also, it is given that:
é-d=15

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

Page 40 of 46



Class XII Chapter 10 - Vector Algebra

Maths

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

d =10 4 _ 3 anda, =10
377773 T3

L 160 5. T0O~ 1y a s o

cd =2 25 E 2 (160i -5} 70k

SR T 3( i-5j-70k)

li o -
~(160i -57 - ?ﬂk]
Hence, the required vector is 3 .

Question 13:
The scalar product of the vector! */ K
20 +4] -5k and Al +2]+3k is equal to one. Find the value offi .

Answer
(20 +4] -5k )+(Ai +2]+3k)
=(2+4)i+6] -2k

_ [2F+4_;—5£)+(,1f+2_}+3£)_ _
Therefore, unit vector along is given as:
(244)i+6]-2k  (2+4)i+6j-2k (244)i+6/-2%

Jaray +6+(2) VA+ai+a7 43644 VA +4d+44

i+

Pk
Scalar product of( J )with this unit vector is 1.

e o (244) 467 -2k
:>(f+j+.€:]-{ rﬁ:}} ] =
VAT +4A+ 44
2+ 4)+6-=-2
:,LL:]
VAT +44+44

= AT +41+44 = 146

— AT +4i+4d=(2+6)

= A +4A+44= 1" +124+36
= BA=8

= A=1

Hence, the value of A is 1.

with a unit vector along the sum of vectors
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If a, b, e

a+b+cis equally inclined to P and¢ .

Answer

b, and ¢ .o mutually perpendicular vectors, we have

Since‘_"'
g-b=b-¢=¢-a=0.
It is given that:

| =|p|=e]

6,. 6,, and 6,

Let vector @ +5+€ pe inclined to &> a4 € 5t angles “respectively.

Then, we have:

(@+b+é)d Gavbavea

cosf = _ _ .
a+n+c||a d+h+élla
j@+b+élla  |a+b+é|a
_ |c5|2 N
_|{I+H+:5||ci| [b a=c a_o]
__ld
|J+E+q
cos —(EHEJ’E):';=d-5+i§.,5'+£-..;,'
- |u+b+('|h| a+bh+¢ |!:
[ -
G+b+2 b [d-5=¢-5=0]
d
) c:+.ﬁ'+¢
[a++4
cos =(u+€+c)‘=§-5+.{z.a+g_c—,
a+b+alfel  |a+h ]
af -
la+b+de |d-e=b-c=0]
|
_ I
_|G+H+E|

are mutually perpendicular vectors of equal magnitudes, show that the vector
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|a|=|h| :|f'| cos ), =cost, =cosd,
Now, as , 2 L

""9'.=83=9.!

d+b+é I -
Hence, the vector[ )is equally inclined to 90> and ¢

{&+5).{5+5}=‘5_+ f;|_ ‘T’are perpendicular,

Prove that , if and only if %

given;¢ﬂ. fr;&ﬁ_

Answer

(a+8).(a+b)= |a|2 i |,«;|2

e d-d+d-b+b-d+b-b= ||:r'|1 +||’:_|2 [ Distributivity of scalar products over addition |
= u'|2 +2d-b+ b‘ = dr - |:‘,=|1 [d-h-: b-d (Scalar product is mmmutative]]
e 2i-b=0

esdh=0

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

If 6 is the angle between two vectors ¥ and b , then ab =0 only when

4

0<f<™ p<p<t
(A) 2 (B) :

(C) ﬂ'{ﬂﬂin(D) D=8=n

Answer

Let @ be the angle between two vectors EIand E

Then, without loss of generality, EIand Eare non-zero vectors so

t|{i| and |b | are positive
a .
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.fi~h.:|.fi a’::|::1159
It is known that L

nda-b=0

= |dllb|cos@ =0

= cos 6 = () . |a| and |5 are posit [wJ
—0<g<Z
2
- n<g<™
Hence, abz0ywhen 2

The correct answer is B.

Let @and P be two unit vectors and8 is the angle between them. Then a+bis a unit

vector if

n g2
(A 4(B) 3

Answer

Let @and ¥ be two unit vectors and@ be the angle between them.

a = =1
Then, .

a1 a+bl=1
Now, @+ Pis a unit vector if .
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E+H=I

*

:;(EHE) =1
:}(E:+5).(c_:+5]:l

= aa+ab+ba+bb=1

C+2ab+

2 4

= |a h

=1°+2 c}||.!‘;|n:a:n3\9+12 =1
=1+2.1.1cosB+1=1

1
= cosb=——

2
2n

-
. |

= 0=

.o g="
Hence, @+ is a unit vector if 3

The correct answer is D.

The value of .r(jxk)+;(.r><kJ+k{:><;]
(A)0(B)-1(C)1(D)3

Answer
:f~f+}-{_—j‘]+ﬂ;-£

is

=1—j-j+]
=1-1+1
=]

The correct answer is C.

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

ab|=

when Bisequal to
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T T
(A)0 (B) 4(C) 2(D)n

Answer
Let 6 be the angle between two vectors @ and b
Then, without loss of generality, ¥ and b are non-zero vectors, so

al| and b| are positive
that .

b =|;:E><b|

= |a .f:;|cos{}: |fE||E§|si11{]

= ¢030 =sin0 |a| and |£:§ | are pasilivc}
=>tlanB =1
bt
= 0=
- [E— T
a.b =|m<f:l _ ”
Hence, when Bisequal to 4,

The correct answer is B.
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