1. Represent graphically a
displacement of 40 km, 30° east of =
Displacement

vector

north.
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Exercise 10.1

Sol. Displacement 40
km, 30° East of North.

7 (say)
~ makes an angle
such that | f\oe
E
w O
and vector 30° with North in
East-North quadrant.

7| =40 (given) N

Note. a® South of West = A

vector in South-West quadrant
S

making an angle of a° with West.
2. Check the following measures as scalars and vectors: (i) 10
kg (ii) 2 meters north-west (iii) 40°
(iv) 40 Watt (v) 10~ coulomb (vi) 20 m/sec?.
Sol. (i) 10 kg is a measure of mass and therefore a scalar. (. 10 kg
has no direction, it is magnitude only). .
(ii) 2 meters North-West is a measure of velocity (i.e., has magnitude
and direction both) and hence is a vector.
(iii) 40° is a measure of angle i.e., is magnitude only and, therefore, a
scalar.
(iv) 40 Watt is a measure of power (i.e., 40 watt has no direction)
and, therefore, a scalar.
V) 10~ 19 coulomb is a measure of electric charge (i.e., is magnitude



only) and, therefore, a scalar.
(vi) 20 m/sec’is a measure of acceleration i.e., is a measure of rate of
change of velocity and hence is a vector.
3. Classify the following as scalar and vector quantities: (i) time period
(ii) distance (iii) force (iv) velocity (v) work done.
Sol. (i) Time-scalar (ii) Distance-scalar (iii) Force-vector (iv)
Velocity-vector (v) Work done-scalar.
4. In the adjoining figure, (a square),
identify the following vectors.
(i) Coinitial
(i) Equal
(iii) Collinear but not equal.

Sol. (i) and
~ have same initial point and,
therefore, coinitial vectors.
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(i) ~and

have same direction and same magnitude. Therefore, = and
~ are equal vectors.

(i) - and ~ have parallel supports, so that they are collinear. Since

they have opposite directions, they are not equal. Hence and
are collinear but not equal.

5. Answer the following as true or false.

()  and—-  arecollinear.

(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.

Sol. (i) True.

(i) False. (‘.' and2 are collinear vectorsbut | 2 | =2 D
(iii) False.

('.'|A| =" = 1 but"and’are vectors along x-axis (0X) and

y-axis (OY) respectively.)

(iv) False.
(. Vectors T oand — (=D ~ =m ) are collinear vectors
and | | = |- | but we know that * — — because their

directions are opposite).



are said to be equal if
(i) |

Note. Two vectors and~

| =]~ (i) and— have same (like) direction.
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Exercise 10.2

—

1. Compute the magnitude of the following vectors: ="+

PN =2/\_7/\_3/\‘

. _A AN
Sol. Given: = * .
Therefore, | 2 l=++=++=.
A A oA
- _9-7T-3".
Therefore, | 1=+ + =.
- AAA
="+
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—

Therefore, | I=

DDD_++DDDDDDDDDDDD

2. Write two different vectors having same magnitude. Sol. Let —

A AN AN A
=+ gnd - = + -



—

.. . A
Clearly, # —.(. Coefficients of" and are same in vectors — and =

— —

A
but coefficients of in  and — are unequal as 1 # — 1). But | l=++=
++ =
and| ”l=++=.1 |=1~1 Remark. In this way, we can construct

an infinite number of possible answers.
- A
3. Write two different vectors having same direction. Sol. Let = * 2

AN A A A A -
+3" (and » =2( *2 +37) (i)=2 [By(@)]- ~ =m — Wherem
=2>0.
~.Vectors and — have the same direction.
But # [.~=2 ol~l=R1 1=2 || IRemark Inthis
way, we can construct an infinite number of possible answers.
Sol. Given: 2"+ 3" = x"+ y/\.

X"+ y"are

4. Find the values of x and y so that
the vectors 2" + 3"and equal.

Comparing coefficients of”" and” on both sides, we have x = 2
andy = 3.
5. Find the scalar and vector components of the vector with initial point
(2, 1) and terminal point (- 5, 7).
~ be the vector with initial point A(2, 1) and terminal
Sol. Let

point B(- 5, 7).
- PV. (Position Vector) of point A is (2, 1) = 2"+"and P.V. of point B is
(=57 =-5"+7"

4
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.. By definition, scalar components of the vectors

- i.e., — 7 and 6 and vector

coefficients of” and’in

~ are-7"and 6".

components of the vector

6. Find the sum of the vectors:
S oM L oMM s

and — =A— 6/\— 7/\ .
Sol. Given:  =-2"+" 9" 4M 5" g T ="-6"-
7
Adding T -y =0"~4""=_4"" 7 Find the unit vector
in the direction of the vector

—

VANV A
=N+ 20

Sol. We know that a unit vector in the direction of the vector

t+ A A A
="

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

- = where O is the origin.
therefore, position vector of 19030
point P =

A A A
. . =4 +57+6
and position vector of point Q

— = Position vector of point Q — Position vector of point



T3N3 30

Therefore, a unit vector in the direction of vector

A

A + +

A

5
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TAWAYAY
+ +

TAWAYAY :/\+/\+/\'

++

= _ A A A ALA Asg
9. Forgiven vectors =2 — *27gnd— =— + — " find the ypjt
vector in the direction of +— .
. = _9h A oN AAN = A
Sol. Given: Vectors =4 ~ *<4and > =-+t - . 4 —>=2" +

—

QNALAAN L N A _ . . . .
-+ -=+U+ | 4+ ~=|=++=. Aunitvector in the direction

of + ~is
- =% Ann ="+
AN

A

+

++ =

10. Find a vector in the direction of vector 5" —" + 2" which has
magnitude 8 units.

- A
Sol. Let =5"-"+2"



2. A vector in the direction of vector ~ Which has magnitude 8

units -
VAVAWAN
=8"=8§

_(5""+ 2" ="-"+". 11. Show that the vectors 2 " — 3" + 4"
and — 4" + 6"— 8" are collinear.

Sol Let _ =2"-38"+4"..()
and N :_4/\+6/\_8/\

-, —

a b

=—2(2A—3A+4A)=_2 - [By(i)] 5 2 =-2 - =m - where
m=-2<0

~.Vectors and — are collinear (unlike because m = -2 < 0). 12.

Find the direction cosines of the vector” + 2"+ 3" Sol. The given vector i (

D A AN

6
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A AN

- . AWAN
We know that direction cosines of a vector ~ are coefficients of”,",

JAYIAN
in ).

ie.,

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.
Sol. Given: Points A(1, 2,-3) and B(- 1, -2, 1).
A =1,-2,1)

(1,2,-3) = P.V. (Position Vector,
B



A A
)ofpoint Ais A(1,2,~3)="+ 23

and PV. of point Bis B(— 1, - 2, 1) = "= 2"+". 7
(directed from A to B)

- Vector

= P.V. of point B — P.V. of point A

=_/\_2/\ +/\_(/\+ 2/\_3/\)

A
SN AT, (A A - =.

=6
SAB =
. A unit vector along are the
We know that Direction Cosines of
AAA the vector
coefficients of" ,A,Ain a unit vector
along
B ie, ,—. 7
axes OX, OY and OZ.
14. Show that the vector” +" +" is
equally inclined to the (= ™)
A
(. represents
_— A /\+/\=_ AN
- A (say) between
Sol.Let = *t .
and OX

A vector

Let us find angle 6,



- A

OX in vector form)

z
kA
X
O
AN
i
Y
~.cos 0
A
AAYAYAYAYAS
++ + +
- cosB _ - cosH
7 ++++:=,91:COS—1
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+ +
ANANNANN
++ + +

P - A
Similarly, angle 8; petween vectors  and"(0Y) is cos—land angle 6;

between vectors andA(OZ) isalso cos— L. . g1=63=063.

A
~Vectors — = + +"is equally inclined to OX, OY and OZ 15. Find the

position vector of a point R which divides the line joining two points P and
Q whose position vectors are” + 2"~"and =" +" +" respectively, in the ratio
2 :1 (i) internally (ii) externally.



A AN A
Sol. PV. of point Pis = = +2'-
A A
and PV.of pointQis > =— + *
(1) Therefore P.V. of point R dividing PQ internally (i.e., R lies within
the segment PQ) intheratio2: 1 (=m:n) (= PR: QR)

- -

A

ANANAN AN

is
2:1=m:n
P()a Q()b
R

A AN

NN ANAAN
—t -

+_

N
—++_— "N — -

(ii) P.V. of point R dividing PQ externally (i.e., R lies outside PQ an

dto
P ( ) a - Q ( ) b -
the right of point Q because ratio 2 :
1=>1asPRis
= Dls - - R

2 times PQi.e, AAMAAAA—++ —+ — _

=-2" 2N 20 A2 4 = — 3" 4+ Remark. In the above question
15(ii), had R been dividing PQ externally in the ratio 1 : 2; then R will lie
to the left of point P

and_
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16. Find the position vector of the mid-point of the vector joining the points
P(2, 3, 4)and Q(4, 1, - 2).
Sol. Given: Point Pis (2, 3,4) and Q is (4, 1, - 2).

- A
- PV.ofpoint P2, 3,4)is =2 +3"+4"
AN A A
and PV. of point Q(4, 1, -2)is >=4 * 27 - -

- PV. of mid-point R of PQ is

ANNAANN AN
T A oA A
[By Formula of Internal =3"+ 274",
. ++ + +—
division] _

- _ A
17. Show that the points A, B and C with position vectors, = 3"-4"-
4" o —o "+ and T ="-3"-5" respectively form the vertices of a

)

right-angled triangle. ~) = 3"-4"—4",

Sol. Given: P.V. of points A, B, C respectively are (=

- (=

%) _ ZA_A+Aand ¢ (:

) ="-3"-5", where
O is the origin.
~ = PV. of point B — PV. of point A
Step I. -
AL
=2M M (34 =2 N3N 4N g = +3M 500
or

~ = PV. of point C — PV. of point B

_ (A_ 8/\_ 5/\) _ (2/\_/\+/\) A 3/\_ 5/\_ 2A+/\_/\ A D) A 6A...(ii) -
P.V. of point C — P.V. of point A

A T G (T L N L A A LAy (i L 1))
Adding (i) and (ii),

i A A A A
=—"+3"+5"-

—2"_¢"

- 2"+""= 7By (iii)] -~ By Triangle Law of addition of Vectors, Points



A, B, C are the Vertices of a triangle or points A, B, C are collinear.

Step Il
-2
+ +=
From (i) AB =1
9
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_'l =+ +=
From (ii), BC = |

From (iii), AC = |

=+ +=
. 2 2
We can observe that (Longest side BC) =() =41=35+6=
AB® + AC?
-~ Points A, B, C are the vertices of a right-angled triangle. 18.

In triangle ABC (Fig. below), which of the following is not true: *

—

= >

(A) “+c
-+ .\
®) -

-+

(©)

—'_—'+AB

T-@ T =-

Sol. Option (C) is not true.
Because we know by Triangle Law of Addition of vectors that



+ +

. +
+ —
But for option =2
- ©), -
— =

Option (D) is same as option (A).

19. If and~— are two collinear vectors, then which of the following are
incorrect:

(A)==A ,forsomescalarA.(B) =%t~
(C) the respective components of and— are proportional (D)
both the vectors and — have same direction, but different
magnitudes.
Sol. Option (D) is not true because two
collinear vectors can have different
magnitudes.”” b~
directions and also different

The options (A) and (C) are true by definition of collinear vectors.
Option (B) is a particular case of option (A) (taking A = £ 1).

10
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Exercise 10.3

with magnitude
1. Find the angle between two vectors and —

and 2, respectively having .~ =.Sol. Given:| |=,|~I=2and .~

11
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—

Let O be the angle between the vectors and —. We know that - -
cosB=".

Putting values, cos 6 =

2. Find the angle between the vectors” - 2" + 3" and 3" - 2" +" . g|.
Given:Let = —2"+3"anq -~ =" 2"" o T l=4 4= K eyt a

—++and| ~l=++=
Ed A . A
Also, .~ =Product of coefficients of + Product of coefficient of
+ Product of coefficients of”

=13+ (=2)(=2)+3(1)=3+4+3=10

Let O be the angle between the vectors and — .



We know that cos 6 =

1.
5.0 =cos
3. Find the projection of the vector" —" on the vector” +".

Sol. Let =
_AA_A_AL oA N . 90°
- +0"and ~ B, 90° . v o

AN N AN A A
424740 o
- LMb
A

Projection of

vector and— =

Length LM =
+—+
vector  is perpendicular
to vector -
p A
90°
v “b
B
a 12
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Remark. If projection of vector

—

on — is zero, then

4. Find the projection of the vector” + 3" + 7" on the vector 7" " +
8",

- :/\ 3/\ 7/\ /\_/\ 8/\
Sol. Let t9o + 1 and >=7 — *9 - - We know that

projection of vector  on vector — =



5. Show that each of the given three vectors is a unit vector:(ZA +30 4 6"

),(3" - 6"+ 2"), (6" +2"-3").

Also show that they are mutually perpendicular to each other. 5| Lot =

A A R

@30 6= A+A_"(i) ~_(3-6"+2 )="- A+Am(ii) _(6"+2"-3Y
A NA -, ooo ++ =

=+ - i)l = 0oOo00oD D0Oo0OOo

++

- ++
0oOOO0OoooOooD OoOOOOo

++
e
==1
- + + =+
Ooo00O0O000O0O0 OoOOOoOOaO - ==1
= Each of the three given vectors , — , 1S aunitvector. From

() and (ib),



-=0- 00 0o
-+
ooao ooao Vector Algebra  _ =0
oo+ 00
oa
oo+
IZIIZIEIDD

—

[ .- = a1 + @by +

C_Zlass 12 Chapter 10 -

—

<. and ~ are perpendicular to each other. From
(ii) and (iii),
- goo oo
-, = 0- oo+ 0
ooao oo
o0+ oo
|:| -

-=0

- ~and ~ are perpendicular to each other. From
(1) and (iii),

DDDDD+DDDDD

+|:|_DD|:|[|



—

and ~ are perpendicular to each other.

- - are mutually perpendicular vectors. -
Hence, , 6.Find| |

- ~)=8and _
and =], if ( +~).( -~ | =8~

Sol. Given: ( +=).( —~-)=8andl 1=81~1.()> . -

2
——1 -1 =8

— — —>|2 —

.. 2
[. We knowthat . = and > .~ =l 7| and — .

—

— H]

—

o1 Poi =1 =8..Gi) Putting|  1=81 = from i) in (i), 641 ~ 2|
2 2 2
~ =8or(64-1)1 = =85 631~ =8

2
s> | 2l=s|2l==

('.'Length i.e., modulus of a vector is never negative.) = |

—»I_

Putting this value of | =l in (i),

14
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Mg _,

—

7. Evaluate the product (3_> —-5—).(2 +7~ ). Sol The given
expression=(3 -5-).@ +7-)=3 ).2 )+@ -7 -)_

G-).2 )-(5-).(T-)=6 . +21 .=-10~.--35~.
6l Pirar . -_10 . —~_35 P

2 - R
and > .~ =1"land >. = .7]=60l

P — —>|2
[ . =
-

2
+11 . —=-351~1"-

8. Find the magnitude of two vectors and— , having the same



magnitude such that the angle between them is 60° .
and their scalar

product is -
. . 1S
Sol. Given: | | =1 ~land angle 6 (say) between and — 60° and

their scalar (i.e., dot) product =

ie., - -
> | ||_’|COSGZ['.. .~ =1 1l~lcos®]Putting| »I=1 |
2

— —

(given) and 6 = 60° (given), we have | || 1cos60°= = | = |
oon
o0=
- - 1=1..0) .. .
2
Multiplyingby 2,1 '=1 51 (. Length of a vector is
never negative)

—

al=l=1 1=1[By@]~1 I=landl ~l=1L

9. Find |~

|, if for a unit vector , (—
- ).
+ )=12.Sol. Given: isaunitvector » | |=1..(i) Also given ( > -

- H+a):12

)-(
= + - - =12
=>I_>|2+_> e\ _’—I_’|2:12
L1 PO T E=12
15
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- -
Putting | | =1 from (i), | “-1=12

> =13 5 | :
('.'Length of a vector is never negative.)
10.1f =2"+2"+3" L - _"+2"+"and T =3"+"are such that  +
A~ is perpendicular to —, then find the value of A. Sol. Given :_’ =2"+
2N 3’\, - M AN and T =3
Now, T o 2o 2N 3NN 2N =20 2
3N 2NN



—

I S I W R VN G RV
Again given ~ = 3A+A = 3/\ +A + OA.

5 N -, therefore,

Because vector + A is perpendicular to (= +
A=y, =0
i.e., Product of coefficients of M4 . =0

S @2-N3+@2+20)1+@B+N0=0
5 6-3A+2+20=0 5 -A+8=0
~-A=-8 5 A=8.

- - is perpendicularto - -
11. Show that | |~ + 1~ [=—1—=1 -forany

two non-zero vectors and— .Sol.Let =1 | =+ |

=l-yim_

wherel=1 landm=1 I
Let
- = ==~ =1"-m->
Now,
- -1~ +m ). -m )
2 - - o
=1 - - _Im — . +1m - _m2 —
=1|H|—lm_) ”+lm_> a_m2|_)|2=12|ﬁ|2—m2|_>|
Puttingl=1 landm=1 1

& RN

=l Fi=r-1-11 =0
i.e.,q
—>=0

—

~Vectors ~ and

— are perpendicular to each other.

16
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o =0, then what can be
12.If . =0and .-

concluded
about the yector— ?

oL . R o
Sol.Given: . =051 =051 1=0..() (> Iisazerovectorby
definition of zero vector.)



Againgiven .~ =051 |l ~lcos®=0Putting| !=0from gy

we have 0l = cos 6 =01i.e., 0 = 0 for all (any) vectors — ... —~ can be
- -9 - - .2 9

any vector. Note. ( + =+ ) =( +(~+ N =_41(~+

—

ﬁ)2+2_>.(—’+ )

[...(
- -
+
4>2+~>2+2
2 - - -
=2~ 42,0~ 42 o422 -
Using = -
- -2 g 9 o= - s o)
or( + 7~ + )= Ldy + -4+ 2( 7+ o+ 13.
If ,—, areunitvectors suchthat +— + = = | find the value of
.—’+".ﬁ+a -

—

N
Sol. Because , —,

— —

are unit vectors, therefore, |

=11 >l=1and|

|=1..(0) Again given + —+ = -

Squaring both sides ( - + 7+ 4 )2:0

Using formula of Note above

> —>2+—'2+ —>2+2(_>.—’+—’ _’+_>._>):Oorl - |2+I —’Iz
f Peac T e a2 T T )2 0Puttingl  l=1,1~1=1,

| I =1from (i),

1+1+142( .=+~. + . )=0
> 2(_> LT+ T _)+ - . - ) = —3 Dividing both sides by 2, o 4+

—

+ - . 14. If either vector_’ =~or— = q,then_’ .~ =0. But

the converse need not be true. Justify your answer with an €xample.

17
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Sol. Case |. Vector = —. Therefore, by definition of zero vector, | =0
@D 7=l lIl”lcos®=0( ~lcosB) [By(@i]=0

Case Il. Vector » = —. Proceeding as above we can prove that -



- =0
But the converse is not true.
Let us justify it with an example.

—

- AN AN A -
Let = * t . Therefore,| |=++=%0.Therefore 7 —(By

definition of Zero Vector)
A A A
Let » = * -2"
Therefore, | =1 =+ +-=%0.

Therefore, = # — .

But .~ =1(1)+1(1)+1(-2)=1+1-2=0Sohere .~ =0
but neither I nor ~ = ~ . 15. If the vertices A, B, C of a triangle
ABC are (1, 2, 3), (=1, 0,0) and (0, 1, 2), respectively, then find ABC.
Sol. Given: Vertices A, B, C of a triangle are A(1, 2, 3), B(- 1, 0, 0) and C(0,
1, 2) respectively.

A(1, 2, 3)

B(-1,0,0)C(0, 1,2)

T)=(1,2,3)
. Position vector (P.V.) of point A (=s
="+ 2% 30
T)=(=1,0,0

Position vector (P.V.) of point B
="4+0"0"7)=(0,1,2)

. =0"+"+ 2"
(= and position vector (P.V.) of

point C (=

We can see from the above figure that ZABC is the angle —

—

and

between the vectors

18
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~ = PV. of terminal point A — P.V. of initial point B
Now
2830100+ 0
=128 3000 0" =20+ 274+ 3".() T =PV. of point C - PV. of

point B
and

=0" "+ 2"~ (4 07+ 0N
= 0" 7+ 2040 0= 0=+ 2. (D)
- o 0=

—
—

We know that cos 2ABC =

- o

Using (i) and (ii)

++ ++ = =

- .~ zABC=cos~ .=

16. Show that the points A(1, 2, 7), B(2, 6, 3) and C(3, 10, — 1) are
collinear. Sol. Given points are A(1, 2, 7), B(2, 6, 3) and C(3, 10, — 1).

- - PVs
~ of points A, B, 7)
C
=@, 2,2
T =(2,63)=2"+6"+3"
7=(3,10,-1) =3"+ 10"-"
and

~ = PV. of terminal point B — P.V. of initial point
A



=M 63 (2N T

=28+ 6"+ 3027 44" (D) and T =PV of
point C — P.V. of point A

=3"+ 100" (M 2 T

=3+ 10" "2

=2M+ 88 =2("+ 474"

=
~_9
T[By @] 19
Class 12 Chapter 10 - Vector Algebra
and  are collinear or parallel. || =m
= Vectors

= Points A, B, C are collinear.

—

and  have a common point A and hence can’t

('.'Vectors
be parallel.)
Remark. When we come to exercise 10.4 and learn that Exercise, we

have a second solution for proving points A, B, C to be collinear: ~x

—
—

Prove that

17. Show that the vectors 2" —"+" * - 3"~ 5" and 3" - 4"- 4" form the
vertices of a right angled triangle. Sol. Let the given (position) vectors
be P.V.’s of the points A, B, C respectively.

PV. of point A is 2"-"+" and
PV. of point B is"- 3"~ 5" and
P.V. of point C is 3" 4"- 4",
~ = PV. of point B — P.V. of point A

=" 3B (2NN 2P B 2N AN = A% 6 () T =PV of
point C — P.V. of point B
and

=3" 4N 4 (P3N 5™ = 3N 4" 4 3 5N = 27 MM (i) and
~ = PV. of point C — P.V. of point A

=34’ 4" (2NN = 3N 4P g 2N AN SN 30 BN (i) Adding
(i) and (ii), we have



—

S, Ly A A

="-3"-5"= 7 [By (iii)] -- By Triangle Law of addition of vectors,
points A, B, C are the vertices of a triangle ABC or points A, B, C are
collinear. ~ = EDA+E2DED+(=6)(D)

—

Now from (i) and (ii),
—_242-6=-6%0

20
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T =2(D) + (- D(-3) + 1(-5)
From (ii) and (iii),
=2+3-5=0
s perpendicular to

—

=

= Angle Cis 90°. .. AABC is right angled at point C. .. Points A, B, C are

the vertices of a right angled triangle. - .
18.|f is a non-zero vector of

magnitude ‘@’ and A is a non -, . .
zero scalar, then A 1S @ unit vector if

(A)A=1(B)A=-1(C)a=|\ (D)a=

Sol. Given:  is a non-zero vector of magnitude a

—

51 I=1..()Alsogiven: A\ #0and A 1S aunit vector.

SN d=1s 1=l

> INa=1=a= A
- Option (D) is the correct answer.
21
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Exercise 10.4
1.Find| x—if = —7+7"and- =3"
—2M 20,
A A and — = 3/\— 2"+ 2% Ann

Sol. Given:

—

Therefore, x = =

['.'If - alA+ aQA+ a3A and — = b1A+ b2A+ bg’\;’\"’\ l:H:l[II:I[II:I[|

then x = =

Expanding along first row,

N
x = =At A

T o =14+ 14) N2 -21) +"(-2 + 21) 22 Class 12 Chapter

=

10 - Vector Algebra

=0"+ 19"+ 19"
=+ +==(19)=19.
Result: We know that
= x ~ is avector perpendicular

to both the vectors and — .

Therefore, a unit vector perpendicular

to both the vectors and — is



oo

.DD:DDDDDDn*b*

I
H
1

—

- a

—

2. Find a unit vector perpendicular to each of the vectors +—~and —

~where =3"+2"+2"gpq - S +27-2"

- A A A A AN A - -
Sol. Given: =3 +2"+27gpq » = +2"-2" Adding, = + —=
4A+ 4"+ 0"
Subtracting
- _ - _ —»:2A+0A+4A
AAN
- X

Therefore, = - = =

. A A A(0-8)
Expanding along first row ="(16 - 0) —"(16 - 0) + L - =
16"-16"-8"

Sl=4—4+— 4+ = )
o = = 24. Therefore, a unit yector perpendicular

—

toboth and — is

-

Aoy ﬂ:i AAA— —
0--00. ..
AAA oad
0--00
A AA I:II]=i
=%

3. If a unit vector”" makes an anglenwith" ,Trwith’\and an acute angle 6
with” | then find 8 and hence, the components of" .

23
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Sol. Let" = x"+ yA + 7" be a unit vector ...(i) » N =1 > - = 1 Squaring
both sides, x>+ y2 +zi=1 ...(ii) Given: Angle between vectors " and”

A A A
="+ 07+ 0% TT

/\/\
m 0=
S cos _ S
AN oo
0ooo
- ++ op = X ...(iii)
.

NisTr

Again, Given: Angle between vectors” and” = 0*+"+ 0 AN

AN
— =

S COSTT

- =Y ...(iv) Again, Given: Angle between vectors” and” = 0"+ 0" +"is 0
where 0 is acute.

AN
scosB=t*=z..()

AN=

Putting values of x, y and z from (iii), (iv) and (v) in (ii), .



+cos’0 =1

=5 cosB=t

> coszezl___

But 6 is acute angle (given)

™ ™
_ cos 0 is positive and hence = = €05 = 8 = From (v),
Z=cos 0 =
Putting values of X, y, z in (i),"="+"+" . Components

. A A
of” are coefficients of\,","in"
and acute

ie.,,
24
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angle 6 :Tr.

— —

4.Showthat ( —=)x( +=)=2 x= .
SoI.L.H.S.:(H——’)x(H + =

- o -
= X + X7 -7 - 7x 7
-
="+ X774+ X7 -7
. > — — —
[. x =7,7x7="and >x =- x7]=27
x > =R.H.S.

5.Find Aand «if (2" + 6"+ 27" ) x ("+ A"+ o™y 2 g4 Given:

(2A+ 6" + 27A) X (A+ M+ °‘A) = = AAA

A x
Expanding along first row,

M6 — 27K) =2 — 27) +A(2,\ —6)=— = 0" + 0" + 0" Comparing
coefficients of",", on both sides, we have 6 — 27A = 0 ...(i) 2& — 27 = 0
.(iD)
and 2A — 6 = 0 ...(iii)
From (ii), 2« = 27 = « =
From (jii), 2A = 6 - A ==3

Putting A =3 and « = in (i), 6



oo DD 0-273)=0

or81—81=0or0=0whichis true. A =3and x= 6. Given that
.>=0and x—=—.Whatcanyou

conclude about the vectors and—

—

?Sol. Given: .~ =01 |~

cosB8 =0 - Either| =0

—

orl ?I=00rcos9 ==

—

0(>0=90 > a

Either =~ or —

B} (D) -

or vector is perpendicular to (. By definition, vector

IS 7ero vector if and only if | I=0)

25
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- - - .
Againgiven x> =751 x>I=0s51 [|~|SD

(1 x=I=1  1I~lsing]

—

_ Either| I=0orl~I=0orsin8=0(-08=0)a ?  Either
= ~ or ” = ~ orvectors and — are collinear (or

parallel) vectors. ...(ii) We know from common sense that vectors —

and — are perpendicular to each other as well as are parallel (or

collinear) is impossible. ...(iii) .- From (i), (ii) and (iii), either = — or

- —

— -

.>=0and x~—" ="
- Either =—"or—~ =".

g g . A A A A A A
7. Letthe vectors ,— | be givenasa; " +a, +a;" ,b;" +by, +bs",
et + )+ et



Then show that x (= + )= x—+ X . Sol. Given: Vectors =
AN A — A —
a+a+a" - _p b by T =t e e oy T = (bt
c)™+ (by + )+ (by + €3)" Ann

— —

LHS.= x(~+ )=

+++

AAN
AAN

[By Property of Determinants]

— —

_ "« -4 «  =RHS

8. If either =—or—~=—,then x—=— _Isthe converse true?
Justify your answer with an example.

26
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Sol. Given: Either = —"or ~ =~ .

1 I=1=I=0orl=I=1~I=0..{1~1 x~I=1 1l ~Isin®=

0(sin®) =0 [By ()] -~ x — = — (By definition of zero vector) But
the converse is not true.

- AAAN - S, ¢
Let =+ + -] |=++=%#0. . ISanonzerovector.et| - |

_ 2(A+A+A) 2Ny Mo

Sl =2l=++orl 2l==-=2%0... ~isanon-zero vector. """

—

But X

AAN

—

Taking 2 common from Ry’ :('.' R, and R are identical)

9. Find the area of the triangle with vertices A(1, 1, 2), B(2, 3, 5) and C(1,
5, 5).
Sol. Vertices of AABC are A(1, 1, 2), B(2, 3, 5) and C(1, 5, 5). .- Position
Vector (P.V.) of point A is (1, 1, 2) ="+"+ 2"

P.V. of point Bis (2, 3,5) =2



"3+ 50
PV. of point Cis (1, 5, 5) =" +
5"+ 5"
A(1,1,2) =2" 3"+ 5" ("4 27

~ ~ PV. of point B— PV. of point A 5% 3 8) €(1,5,5)

=2+ 3N+ 527" 27 4 3% and
~ = PV. of point C — P.V. of point A
="+ 5N B (MM 2N =M 5N+ 2R = 00 4+ 3

27
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- -

—

X

=MN6-12) -3 -0) +"(4 - 0) = - 6"~ 3" + 4" We know that
area of triangle ABC

|:++|++

_ SQ. units.

10. Find the area of the parallelogram whose adjacent sides are determined

by the vectors TN Ny 3t and~ = 2A— 7" +" . Sol. Given: Vectors

representing two adjacent sides of a parallelogram are AN

A A A A AA
and — =2 =7 +.AAA

bijk=2-7+

—

AN A

aijk=—+3



=N=1+21)-"(1-6) +"(= 7 +2) = 20" + 5"~ 5" We know {5t

area of parallelogram =| x|

= 5(3) = 15 square units.
B

Note. Area of parallelogram whose diagonal vectors are “aand
is| ax qB|.

- | =3, s
11. Let the vectors and— be such that | — |=]|=,then * -

a unit vector, if the angle

between and~— is
W) ©" o) -

Sol. Given:| 1=3,1 2l=and x — isa unit vector. 28
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—

- -
| x~I=1=1 [l>IsinB=1

where 0 is the angle between vectors and — .

Putting values of | land | 1,3
o
. DD gsin®=1

=si 0=
- sin@=1 5 sinB = s - Option (B) is the

correct answer.

12. Area of a rectangle having vertices A, B, C and D with
A

position vectors —
/\+A+4/\,/\+/\+4/\,/\_

+ a7 and AN 4 4n respectively, is

(D)4

(A)(B)1(C)2

B -PV. of point A
Sol. Given: ABCDisa AAA

rectangle. =PV.of A A 4n
point —++00
We know that OObcas



~ = PV. of point D - PV. of point A

and
AAA
A A g
-++00
oag
AN+
S AN AP AN 4N L A M 0 | = +==1

. Area of rectangle ABCD = (AB)(AD) (= Length x Breadth) = 2(1) =2
SqQ. units
. Option (C) is the correct answer.

or Area of rectangle ABCD =

29
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MISCELLANEOUS EXERCISE

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

— be the unit vector in XY-plane such that 2XOP = 30° Sol. Let
30
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—

—

+

~l=1
Therefore, |

ie., OP = 1...(i) By Triangle In AOMP,

Law of Addition of vectors, = (OM)"+ (MP)"
v oMY



X 30° [

X

- - and unit vector along OX is”

and along OY is"]

-=0P

A

AN
+ OP
(Dividing and multiplying by OP in R.H.S.)
= (1) (cos 30°)"+ (1) (sin 30°)A['_' By (i),OP=1] - _ (cos

30) i+ (sin 30°) j ... (ii)
= unit vector
AN

Remark: From Eqn. (ii) of above solution, we can generalise the

following result.
A unit vector along a line making an angle 6 with positive x-axis is

(cos 6) "+ (sin 8)
2. Find the scalar components and magnitude of the vector joining
the points P(x4, y4, z4) and Q(x», Y2, Z5).

Sol. Given points are P(x;, y;, z;) and Q(Xs, ¥s, Z3)- Q
P
(+2)xvz 114 X1A+y1/\+zl/\
= P.V. (Position vector) (| 2 ,,,
of point P is (x4, yy, 21) =



and P.V. of point Q is (X5, ¥, Z5) = X2A+ y2A+ ZZA - the
vector joining the points P and Q.

. Vector
= PV. of terminal point Q — P.V. of initial point P = X2A+

A A AN A A
Vo +Zo = (X{ +Yyi+2)

o A A A A A
=Xy +Y2 +7Z20 — X1 —V1 —Z1A

- =(x2 XI)A+ (YZ—Yl)A+ (z5— ZI)A

31
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— are the coefficients of

. Scalar components of the vector

ie, X2—Xp), (Y- Y1), (Z2—21)

and magnitude of vector

~+—+—. [l
3. 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.
Sol. Let us take the initial point of departure as origin. Let the girl

walk a distance OA = 4 km towards west.



Through the point A draw a line AQ parallel to a line OP (which is 30°
east of North i.e., in East-North quadrant making an angle of 30° with
North)

Let the girl walk a distance AB = 3 km (given) along this — (given). .-
T4 (—A)['.'Vector
direction =—4"..@0)
is alongOX')]
We know that (By Remark Q.N. 1 of this miscellaneous exercise) (or
a unit vector along AQ

- ) making an angle 6 = 60° with

positive x-axis is (cos 8) "+ (sin 0) A= (cos 60°) "+ (sin 60°) Ao

1
2A+325
— along
1 (A unit
vector -- - e | - I/\
- ).

A AA A +
0 - 00

=+
0 g-- @b

32
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point O of departure (to



-
-

vectors) (By Triangle Law of
final point B) = of e Addition

[By ()] [By (iD)]

|:l/\/\ /\
A = +
005y ﬁ
-+
— 4"y oo 00
4.1f =—+ thenisittruethat| |=|~ |+| I|?Justify your

answer.
Sol. The result is not true (always).

Given: ="+

. Either the vectors , =, are collinear or vectors , =, =
form the sides of a triangle.

Case |. Vectors .~ are collinear.

C_'bA_,Bc



—

= 7+

Also,|HI:AC:AB+BC:I b7c”

= . - -
=1+ Case Il. Vectors - =t
~  form a triangle. Butl I<l=l+] |

Here also by Triangle Law of
vectors, BCa™

('.' Each side of a triangle is less than sum of the other two sides) - I(

="+ I=1=I+1 listrue only when vectors “and  ar¢
collinear vectors.
5. Find the value of x for which x(* +" +" ) is a unit vector. Sol. Because

ZANANAN A A As . . A A A
x("+7+7) =x"+ X" + x"is a unit vector (given) Therefore, IXx" + X" + x| = 1

33
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++ ]
XA + yA + ZA =
Squaring both sides 3x*=1or Xz: - x = +- 0. Find a vector of
magnitude 5 units and parallel to the resultant of the vectors T =
2N+ 3NN P2

- A AN A A AN A -
Sol. Given: Vectors =2 +3"= and » = -2 + . Letyector be
5 S5 A

. AN 3 _/\ /\_ 2/\
the resultant of vectors and — ... = +—> =2 * +

A
+ .

=3N" 4 00
. Required vector of magnitude 5 units and parallel (or collinear) to

— —

resultant vector = + —is
+
oo
Ao - =5
- + +
gpp OO



_ (3/\+/\) _ (3/\+/\)

=2"-"+3"and ~ ="

AN A .
S@MY B )= g =
—2"+" find a unit vector parallel to the ygctor 2 —— + 3

—

. - _A A A /\/\3/\ —>_/\2/\/\
Sol. Given: Vectors =+ + —- =2~ +*9 agnd = —<« *+ .
Let
- =2 -"+3-

=2+ - @3N 1320 ) =2 2
A, AL N Ay A

A_ 3/\— 3" + 2. A unit vector parallel to the vector

- g3+ 2%s

A Class 12 Chapter 10 - Vector
- Algebra
A AN
- A
++= 4N
-+

34



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. Sol. Given: Points A(1, -
2,-8),B(5,0,-2) and C(11, 3, 7). i.e., Position vectors of points A, B, C are

T (=AQ,-2,-8) ="-2"-8"

AL
2" =5"-2 (= and
o c(11,3, 7)) =11"+3"+ 7"

(=B(5,0,-2))=5"+0"-

~ = PV. of point B — PV. of point A

VAREN
=52 ("-2"- 8N =5"-2" "+ 2"+ 8 =4"+ 2"+ 6"

or

and -PV.
= PV. of point C of point B

=11 30+ T (502N = 11M4 30 + 750 20 = 604 3 O

- -l--1-3

L BC =1

~ = PV. of point C - P.V. of point A
= 11"+ 3N+ 7= (- 2"-8M)



Sl=++

=114+ 3"+ 7"+ 20+ 8= 10"+ 5"+ 15" . AC = | '
::':5 .

- =4+ 2"+ 6"+ 6N+ 3

+
Now +9"=10"+5"+ 15" =

. Points A, B, C are either collinear or are the vertices of AABC.

Again AB+BC=2+3=(2+3)=5=AC .. Points A, B, C are
collinear.

Now to find the ratio in which B divides AC
A1

A(1,-2,-8)C(11,3,7) _ B

(6.0-2_, - _,

=b
Let the point B divides AC in the ratio A : 1.
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. By section formula, P.V. of point B is

- (5,0,-2) =
A+ ——

A+
Cross-multiplying,
(A + DG+ 0" 2 = M1+ 3"+ 7Y + ("=2"-8") = 5(A + 1= 2(A
+ DM = 110+ 3N+ A = 278" 4 (BA + 5)" = (A + 2)" = (11A + D"+
(BN - 2™+ (TA - 8)" Comparing coefficients of” . on both sides, we
have
BA+5=11A+1,0=3A-2, - (2A +2) = 7TA -8

5> -6A=-4,-3A=-2,-2A-2=TA-8(> -9A=-6) A
> A=

= A=,A==
All three values of A are same.



~.Required ratiois A : 1 =* 1=2:3.
9. Find the position vector of a point R which divides the line joining the
two points P and Q whose position vectors are - -

(2 +~)and( —37)
externally in the ratio 1 : 2. Also, show that P is the middle point ©f line
segment RQ.

Sol. We know that position vector of the point R dividing the join of P and Q

externally in the ratio 1 : 2 = m : n is given by
—-—+

= —

Again position vector of the middle point of the line segment RQ

- —

g + 4

=2 7+ ~=PV. of point P. (given)
~. Point P is the middle point of the line segment RQ. 10. Two



adjacent sides of a parallelogram are 2" — 4" + 5" and”" - 2"~ 3" . Find the
unit vector parallel to its diagonal. Also, find its area.
Sol. Let ABCD be a parallelogram.
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adjacent sides of this

- the ~ of the
parallelogram are say ="
NN Ao diagonals
2°-4"+5%p - -
and
a+ - .
DC - parallelogram are
a-— -
b +~and -~
)

ABa
and — - —2"-3"
Formula: -- Vectors along

—

ie, L o_9o4M+5N 203" =3 6" 4 2"

-

and - —»=2—4" 45" (=23 = 2" 4" 5" 2"
+ 8N M 9”4 8" - Unit vectors parallel to (or along)
diagonals are

- + +== -+
5 S AAA and and

- -
_—+AAA

Let us find area of parallelogram aa
A

x == =22 110+ 00

="12+10)-"(=6-5) +" (=4 + 4)



—

We know that area of parallelogram =1  x |
:I :I = 11 sq. units.

11. Show that the direction cosines of a vector equally inclined
to the axes

OZ are
OX,0Yand s .

Sol. Let 1, m, n be the direction cosines of a vector equally inclined to the
axes OX, OY, OZ.
. A unit vector along the given vector is

=1 m M+ ntand 1M =1
N
- =1-P+mi+n’=1 ...(1) Let the given vector (for which
unit vector is") make equal angles (given) 6, 0, 8 (say) with OX (> "),
OY (= ™ and OZ (5 ™) - The given vector is in positive octant OXYZ
and hence 6 is acute. ...(ii)
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A
A AN

cos O =

AAAANAANT + ++

or cos 6 = 1(1) + m(0) + n(0) =1lor] = cos 6 ...(iii) Similarly, for angle 6
between” and”, m = cos 6 ...(iv) Similarly, for angle 8 between” and ", n

= cos 0 ...(v) Putting these values of 1, m, n from (iii), (iv) and (v) in @),

have

we c0s®8 + cos’@ + cos’0 =1 = 3cos’B =1

S cos®= 5 cosB=t=1

.. By (ii), 6 is acute and hence cos 8 is positive)

scosB=(. Putting

cos 0 = in (ii), (iii) and (iv), direction cosines of the



required vector are I, m, n =, and-
12.Let = +4"+2" o -3"-2"+7"and T =2"-"+4" [jpq 4

which is . .

vector perpendicular to both and— ,and - — =

15.

. A A

Sol. Given: Vectorsare = *4 +
A A A 7N -

2and~» =3 -2 +7 BYpoth and — .

definition of d=axbhy- - -

cross-product of two

—

vectors, x ~isa

vector perpendicular to

Hence, vector
= which is also perpendicular to both and — is

-

~ =A_ x ™) where A = 1 or some other scalar. AAA
Therefore,

>\

Expanding along first row, = A[*(28 + 4) -(7 - 6) +"(- 2 - 12)] or
o ,\[32A—A— 14" ...(i) 38
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or
e A UV
To find A: Given: T =20 gt
Also given _>
- =15
5 220 + (- D(=N) +4(- 14N = 15

S 64N+ A=56A=15 5 9N =15 5 A=
Putting A =in (i), required vector

- (32" 14A) _(160"=5"=70™).

13. The scalar product of the vector" +" +" with a unit vector along the sum



of the vectors 2" + 4"~ 5" and A" + 2" + 3" is equal to one. Find the
value of A.

—

A A - A
Sol. Given: Let = + +A.,,(i) - 29+ 4™=5" g =N+ 2" 434

~ (say)) = 2+ N+ 672"

—

/\, aunit vector along >+ <
- is
AAN
A+ -
Al o
N =
or
/\:
I - A
A+ A+,
A
+A+ - +
+A

A+ A+
- b+

A 1-‘- From (i) and (ii), ...(ii)
Given: Scalar (i.e., Dot)

Product of ~ and

Multiplying by L.C.M. = ||l

2+)\+6—2=-:> )\+6=-Squaringbothsides()\+6)2=
N+ AN + 44



= N+ 120 +36 =A%+ 4N + 44
-8 =85A=1

i . - are mutually perpendicular vectors of equal magnitude,
- is equally

show that the vector +— + inclinedto ,—,
39
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—

Sol. Given: , ~, ~ are mutually perpendicular vectors of equal
magnitude.
o= =0,7. = .~ =0,
= . =0..(Mandl I=1~1=1 I=A(say).. i

—

Let vector > = = + = + — make angles 61> 82, 63 wWith yectors , 7,

- respectively.

0ooo
0
N - N
N L -+t + +
ScosB _ .
— _ bnd
- - 7 + +
N ... (i)
N
+
=
N + +
L oo
- =
&
N
N
- - ++ + +
N
- (By (D]
R
++
- cosB;=
N
S+t
RN

—

Letus now find | +- +



Weknow that| +—+ |=( +=+ )=_24(~
+_>)2+2_>.(—’+ )
[+ o202 7

=a2+—' +a2+2—’.ﬁ+2ﬁ.—’+2ﬁ

—>|2 — -

+2- . +2 . —-42 ~ . - Putting values from (i) and (ii)

.-

- 2 2
=1 Pl

—

| +_>+_'IZ:)\2+)\2+)\2+0+0+0:3A2,-.| +
Putting this value of | + >+ |I=Aand| I=AA

)\:.'. 91 = CcoS~ 1
from (ii) in (iii), cos 6;=

Similarly, 8, = cos™ land® = cos™!

5 0;=0,=0;
_ o
=0
oo
- Vector + —+ isequallyinclined to the vectors |, ~and — -
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N N > 0 o, ifand -
15. Prove that ( +—).( +7)=| |+|—’| only if - —are

—

perpendicular, given #—,~#~ .Sol. Weknowthat( + =).( + )

_ . S R
- 92 - -
=1 Iy -+ 4+l R
(1)
- e 9 N . N
= +12+2 .~ For If part: Given: and—

—

are perpendicular = .~ =0
Putting . ~ =0in (i), we have
- - - 2
( +2).C +~)=1 Fyr-p
For Only if part:

N N - 9
Given: ( +~).( +~)=1 I+1-p
Putting this value in L.H.S. eqn. (i), we have



i 2 2R 2 -
| +1 =1 =1 +l 1 +2 .~
o =

> 0=2 T s ._'=:O

But # —and —# —(given).
~.Vector and — are perpendicular to each other. 16.
Choose the correct answer:

— —

If 8 is the angle between two vectors and—,then .~ >=0only
when
m m -

(A)0<B< (B)0<B= (C)0<B<T(D)0<86=1So0l Given:
>0
=>|_'||”I(:05920=>cos620

—

['.'I land | ~ | being lengths of vectors are always = 0] and
this is true only for option (B) out of the given

m<6<6>00 ..
a oo - -

options$ % "1

17. Choose the correct answer :

be two unit vectors and 6 is the

Let_'and -

angle -
between them. Then +- is a unit vector if

L
(

— —

m T T
A)p= (B)8="(c)p= (D)®=" sol.Given: ,~ and +

— are unit vectors

| I=LI>I=1land!l + ~I=1

Now, squaring both sides of |+ ~1=1, we have 41 Class 12
Chapter 10 - Vector Algebra

- 2 - 2_q
I +~l=1s(C +7)°<
2 .
=>_>2+” +2 .7=1
-2 5 -
= | +1 =21 +2 Il ~2lcosB=1

where 0 is the given angle between vectors and — . Putting | — |

=1, wehavel+1+2cosO=1

=land| ~ =

2cosB=-15 cosg_ =-cos60° > cos 6 = cos (180°-60°) =



cos 0 = cos 120011

> 0 =120°=120 x

. Option (D) is the correct answer.
Very Important Results

MM =M= M= 1M =

L@"x . - M /.“kA

(3)/\_/\ -0 =A.A,A.A -0 :/\.A,/\.A —0="A (4)/\x/\ :/\,/\
N 2N and? 2

18. Choose the correct answer:
The value of*. (" x") +*. (M ™)+ (" x")is (A) O (B)
-1(C)1(D)3
SolM (M <M+ (UM N (M xD

. Option (C) is the correct answer.

/\ =/\.A+A' _/\ +/\.A
( /\:_/\></\:_/\):1_1 ( )
+1=1
, then
19. If © be the angle between any two vectors and— | .~|=

| x— |, when 6 is equal to

(A) 0 (B)TT (C)TT (D) m
SoI.Given:I_'.HI:Iqx*I

21 11 ~llcosBl=1 II~Isin®

(.7 =21 I ~lcosB

21 =1=1 I ~llcos8l

Dividing both sides by | Il = |, we have Icos 81 = sin gand this

equation is true only for option (B) namely 6 = 11 .
out ofthe given

options.

&1 &(!

|:||:|1'r1'r==I]D|:||:|

. Option (B) is the correct
option.






