Vector Algebra
Short Answer type Quesitons

1. Find the unit vector in the direction of the sum of the vectors G =2{ — j +2k
and b =—i + ] +3k.

Sol.  Let ¢denote the sum of G and b. We have
== j+2k)+ (=i + j+3k) =1 +5k

Now | & |=1> +5% =+/26.

Thus, the required unit vector is ¢ = = 1t +5k)

||J_ J—J—

2. Find a vector of magnitude 11 in the direction opposite to that of PQ ,

|<'N

ol

where P and Q are the points (1, 3, 2) and (-1, 0, 8), respectively.
Sol.  The vector with initial point P(1, 2, 3) and terminal point Q(-1, 0, 8) is given by
PQ=(~1-1)i +(0-3)j+(8-2)k=-2i-3]+6k
Thus, QP =—PQ =27 +3] -6k
=| alsl = m = m = «/@ =7
Therefore, unit vector in the direction of 613 is given by
b - 6_13 _2i+3]j-6k
| QP 7
Hence, the required vector of magnitude 11 in direction of 17(5 is

11 @:11[—2”37]_61‘J 25,335 %4

7 7 7

3. Find the position vector of a point R which divides the line joining the two
points P and Q with position vectors OP=2i+b and O—Q =a-2b,
respectively, in the ratio 1: 2, (i) internally and (ii) externally.

Sol. (i) The position vector of the point R dividing the join of P and Q internally in the
ratio 1:2 is given by
OF - 2(2a+5)+1(a—215):ﬁ'

1+2 3

(ii)  The position vector of the point R’ dividing the join of P and Q in the ratio 1:2
externally is given by

OR = 2(2a+b)—1(a—-2b)
2-1
4, If the points (-1, -1, 2), (2, m, 5) and (3, 11, 6) are collinear, find the value of
m.
Sol.  Let the given points be A(-1,-1,2), B(2,m,5) and C(3,11,6). Then

AB=(2+1)i +(m+1)j+(5—-2)k =31 +(m+1)] +3k

=3G+4b.




Sol.

Sol.

Sol.

And AC=B+1)i +(11+1)]+(6-2)k =4i +12] +4k.
Since A, B, C, are collinear, we have AB = AAC,i.c.,

(Bl +(m+1)]+3k) = A(4i +12] +4k)
= 3=4A and m+1=124

Therefore, m=8.

. - . . . T V4
Find a vector 7 of magnitude 3+/2 units which makes an angle of 7 and By
with y and z—axes, respectively.

Here m:cos%:L and nzcos%zo.

V2

Therefore, I +m” +n° =1 gives

Pelio=t
2
== +—
V2
Hence, the required vector 7 = 3«/_(lf+mj+nlg) is given by
F 32t i L 4 0F) = F = 431 43,
5%

Ifa=2i—j+kb=i+]-2k and ¢=7i+3]—k, find A such that d is
perpendicular to Ab +¢.

We have

Ab+=A1+]-2k)+(G+3]—k)

=(A+D)i+(A+3)]-(2A+Dk

Since @ L (Ab+¢),a.(Ab+¢)=0

=20 = j+k).JA+Di +(A+3) - (2A+Dk]=0
=2(A+D)—-(A+3)-(2A4+1) =0

> A==

Find all vectors of magnitude 10+/3 thatare perpendicular to the plane of
[+2]+k and - +3] +4k.

Let ézf+2}+l€ and I;z—f+3j+4l€. Then

A

i gk
axbll 2 1|=i8-3)—j@+D)+k(3+2)=51-5]+5k
134

= |axb| \/(5)2 +(=5)2 +(5)> =/3(5)° =53.

Therefore, unit vector perpendicular to the plane of d and b is given by



axb _50-5]+5k
laxb| 53
Hence, vectors of magnitude of 104/3 that are perpendicular to plane of @ and b

are iloﬁ(m} ie, +10G - j+5).

53

Long AnswerType Questions

8. Using vectors, prove that cos(A- B)=cos A cos B+ sin A sinB.

Sol.  Let OP and 6(\) be unit vectors making angles A and B, respectively, with
positive direction of x—axis. Then ZQOP = A- B [Fig. 10.1]

We know OP = OM+MP=/ cos A+ Jsin A and 6\Q =ON+NQ i cos B+ Jsin B.
By definition OP.OQ =| OP| |0Q| cosA-B Y
= cos(A-B) ..(1) . (OP=1=]0Q))

In terms of components, we have

@.6(3=(ic0sA+3sinA).(icosB+jsinB) Q
= cos A cos B+sinA sinB ...(2) A

X' : : .
From (1) and (2), we get 5 Y o X
cos(A—B):cosA cos B+ sin A sinB. Y! Fig. 10.1

9. Prove thatin a AABC, sin A = sinB = sin C

, where a, b, c represents the
a b c

magnitude of the sides opposite to vertices A, B,C, respectively.

Sol.  Let the three sides of the triangle BC, CA and AB be represented by ﬁ,l; and ¢,
respectively [Fig. 10.2]
We have a+b +¢=0. ie., d +b=-C
Which pre-cross multiplying by a, and post
cross multiplying by b, gives

axb=cxa

and Gxb =bx¢

respectively. Therefore,
axb=bxc=cxa

= [ax bl [bx¢| [¢xbl

= [d|lb |sin(zx = C) =|b || ¢ |sin(x— A)| & || @ | sin(x - B)
= absinC =bcsin A=casin B

Dividing by abc, we get



sinC_sinA_sinB . sinA_ sinB _sinC

ie.,

c a b a b c

Objective Type Questions

Choose the correct answer from the given the four options in each of the
Examples 10 to 21.

10. The magnitude of the vector 61 +2]+ 3k is
(A)5
(B)7
(C) 12
(D)1
Sol.  (B) is the correct answer.

11 The position vector of the point which divides the join of points with

position vectors a +b and 2d—b in the ratio 1: 2 is
3d+2b
(A)

3
(B) a
54-b
C
() 3
4i+b
3

(D)

Sol. (D) is the correct answer. Applying section formula, the position vector of the

2a+b)+1(2a—b) _4d+b
2+1 3

required point is

12.  The vector with initial point P(2,—3,5) and terminal point Q(3,-4,7) is

(A) i —j+2k
(B) 5i -7 +12k
(C) i+]-2k

(D) None of these
Sol.  (A)is the correct answer.

13. The angle between the vectors i — j and ]A—lg is
O
2
®) 5
-
©) EY

Y4
(D) e



ab

lal.lb]

14. The value of A for which the two vectors 2i — j + 2k and 3i + AJ +k are
perpendicular is
(A)2
(B) 4
(9 )C
(D)8

Sol. (D) is the correct answer.

Sol.  (B) is the correct answer. Apply in formula cos 8 =

15. The area of the parallelogram whose adjacent sides arei + k and 2{ + j+£ is
(A) V2
(B) V3
©3
(D) 4
Sol.  (B) is the correct answer. Area of the parallelogram whose adjacent sides are a
and b is |axb]|.
16. If|dl=8,b|=3 and |Gxb |=12, then value of d.b is
(A) 613
(B) 83
(C) 1243
(D) None of these

Sol. (C) is the correct answer. Using the formula | axb = al.| b ||sin @], we get

g=+7
6

Therefore, @b =|a|.|b | cos = 8x3x§ —124/3.

17. The 2 vectors j+l€ and 3i— j+4l€ represents the two sides AB and AC,
respectively of a AABC. The length of the Median through A is

w3
5

(©) V18
(D) None of these

Sol.  (A) is the correct answer. Median AD is given by

Nen

ADI= L1374 45k = 2%
2 2



18.

Sol.

19.

Sol.

20.

Sol.

21.

The projection of vector d=2i — j+k along b =1 +2]+2k is
2

A —_

(A) 3

1
(B) g
€2

(D) V6

(A) is the correct answer. Projection of a vector a on b is
ab _(2i—j+k).(G+2]+2k) _2
] Jl+4+4 3
If G and b are unit vector, then what is the angle between ¢ and b for
J3d - b be a unit vector?
(A) 30°
(B) 45°
(C) 60°
(D) 90°
(A) is the correct answer. We have
(3d—b)* =3@ +b* —23ib
3 3

= db=""=cosf=-——=0=30"
2 2

The unit vector perpendicular to the vectors i — j and ; + j forming a right-
handed system is

(A) &

(B) —k

-3
C I
() %)

i+]

(D) NG

(A) is the correct answer. Required unit vector is

(=)x(i+)) 2k
|G=pxE+ I 2
If|a|3 and —1 k£ 2, then | kd | lies in the interval

(A) [0, 6]

(B) [-3. 6]

(©) [3. 6]

(D) [1, 2]



Vector Algebra
Objective Type Questions

Choose the correct answer from the given four options in each of the Exercises
from 19 to 33 (M.C.Q)

19.

Sol.

20.

Sol.

The vector in the direction of the vector ; —2 + 2k that has magnitude 9 is
(A) i -2]+2k

i—27+2k

(€) 3(7-2j+2k)
(D) 9(7—2]+2k)

(C)Let a=i—-2j+2k

Any vector in the direction of a vector 4 is given by %.
da
[—2]+2k _1-2]+2k
VP 422422 3
1-27+2k

. Vector in the direction of @ with magnitude 9=9-

=3( -2 +2k)
The position vector of the point which divides the join of points 24— 3b and
d+b in the ratio 3: 1 is
3a—-2b
(A) 5
7d—8b
4

(B)

3ad
() o

Sa
(D) Y
(D) Let the position vector of the point R divides the join of points 2a— 3b and
a+b.
3(G@+b)+1(2d—3b)
3+1

Since, the position vector of a point R dividing the line segment joining the points
P and Q, whose position vectors are p and ¢ in the ration m: n internally, is

.. Position vector R =

given by w.
m+n



21.

Sol.

22.

Sol.

23.

r=2
4

The vector having initial and terminal points as (2, 5, 0) and (-3, 7, 4),
respectively is

(A) =i +12] +4k

(B) 5/ +2j—4k

(C) =5i+2]+4k

(D) i+ ]+k

(C) Required vector = (=3—2)i +(7—=5) ]+ (4 —0)k

=—50+2]+4k

Similarly, we can say that for having initial and terminal points as
() (4, 1, 1) and (3, 13, 5), respectively

(i) (1, 1, 9) and (6, 3, 5), respectively
(iii) (1, 2, 3) and (2, 3, 4), respectively, we shall get (a), (b) and (d) as its
correct options.

The angle between two vectors ¢ and b with magnitudes V3 and 4,
respectively, and a.b =23 is

T
(A) s

T
(B) 3

T
() B

DR

(B) Here, |G |=~/3,|b |=4 and i-b=23 [given]
We know that, @-b =|d||b|cos6

= 2J3=3-4-cos8

23 1
= cosfd=—==—
YN
no=Z
3

Find the value of 4 such that the vectors G=2i +1j+k and b =7 +2 +3k
are orthogonal

(A)O

(B)1



Sol.

24,

Sol.

3
() >

5
(D) >

(D) Since, two non-zero vectors d and b are orthogonal i.e., d-b=0.
Qi+ AJ+E)-(G+2]+3k)=0

= 2+24+3=0
=2
2

The value of A for which the vectors 3/ —6 +k and 2/ - 47+ Ak are parallel
is
2
A) —
(A) 3

®) >

SV, G

(Y

2
(D) 3

(A) Since, two vectors are parallel i.e., angle between them is zero.
S (Bi=6]+k)- (21 —4]+ k) =31 6] +k|- |2 —4 ]+ Ak|
[d-b=lallblcos0’ =ad-b=allbll

= 6+24+A=0+36+14+16+A°

= 30+ =/46120+ 1"

= 900+ A* +604 =46(20+ A%) [on squaring both sides]
= A7 +604-461> =920-900
= —454+604-20=0
= —4517 +304+304-20=0
= —154(34-2)+10(34-2)=0
= (10=152)(34-2) =0
aA===
33

Alternate method
Let a=3i—6j+k and b =27 4]+ Ak
Since, éIIE

3_-6_1

=== ——:>/1:2
2 4 A 3



25. The vectors from origin to the points A and Bare =2/ -3+ 2k and
b =2i+3]+k, respectively, then the area of the triangle OAB is
(A) 340
(B) v25
(©) V229

(D) %\/229
Sol. (D) .. Areaof AOAB =%|O—Ax@|

=%|(2f—3j+212)x(25+3j+12)|

1?}/2
=—2 -3 2
2

2 3 1

Z%I[f(—3—6)—](2—4)+12(6+6)]|

=%|—9f+2j+12/€|

. Area of AOAB =%«/(81+4+14 =%\/229

26. For any vector a, the value of (@x7)*+(ax j)’ +(axk)* is equal to
(A) a*
(B) 3a°
(C) 4@
(D) 23
Sol. (D) Let d=uxi+yj+zk

La=x+y +7’

=

]

S =2 o

SoaAXI=|x
1

S N

=[0]- Jl-z]+k[-y]
=zj—yk

e @x0) =(z1 - yk)(z] - yk)
=y +z

Similarly, (dx J)* = x* + 22

And (Gxk)>=x*+y"



(@xXDP+@x ) H@Exk) =y + 2+ P+ 2+ + Y
=2(x*+y +z°)=2a"
27. If|dl=10,|b|=2 and @b =12, then value of |axb | is
(A)5
(B) 10
(C) 14
(D) 16
Sol. (D) Here, |dl=10,|b|=2 and a-b =12  [given]
- d-b=allb|cosé
12=10%x2cos @

12 3
= cosf=—=—
20 5

= sin@=+1-cos’ 0 = 1—i

25
siné?zii

5
s |axb|=alb | sin8|
:10><2><%:16

28. Thevectors Ai+ j+2k,i+Aj—k and 2 -]+ Ak are coplanar if
(A) A=-2
(B) A=0
© 1=1
(D) 1=-I
Sol. (A)Letda=Ai+j+2k,b=i+A]—k and ¢=2i— ]+ Ak

For a, b and ¢ to be coplanar,

A 1 2
1 4 -1=0
2 -1 4

— AA 1) =1(A+2)+2(-1-21) =0
> A -1-1-2-2-41=0

= A1 -61-4=0

= (A+2)(A*=24-2)=0

+
> A==22 orxlzz_\/E
2
+
= A=-2 orﬂ:z‘;ﬁﬂi\@



29. If é,E, ¢ are unit vector such that G+b +¢= 6, then the value of

(D) None of these
Sol. (C)Wehave, a+b+¢=0, and a*=1,b>=1,é> =1
L (d+b+E)a+b+3)=0

= G’ +da-b+ada-c+b-a+b>+b-¢+¢-a+c¢-b+c*=0

30. Projection vector of

A Z’;E ]E
()[lb|2

(25

Sol.  (A) Projection vector of @ on bis givenby =a- il; = [Erij-l;

31. If G,b,¢ are three vectors such that @+5+¢=0 and |&|:2,|5|=3,|E|=5,
then value of G.b+b.c+¢.d is
(A)o
(B)1
(C)-19
(D) 38
Sol. (C)Here, a+b+c¢=0and a*=4,b>=9,¢> =25
(@+b+7¢)-(@+b+2)=0
a’+ad-b+a-¢+b-a+b*+b-¢+¢-a+¢-b+¢ :6
= @ +b>+& +2(a-b+b-c+c-a)=0 [ zl;-d]

J



= 449+425+2(G-b+b-¢+¢-d)=0

= a-B+E-E+E.a:_T38=—19

32. If|dl=4 and -3< A <2, then the range of |1d| is
(A) [0, 8]
(B) [- 12, 8]
(0) [0, 12]
(D) [8, 12]

Sol. (C)Wehave, |d|=4 and -3<4<2
JAdEAlldl=A14]

=|Adl=-314=12,at A=-3
|Ad|=]0]4=0,at A=0
And |Ad|=2|4=8,at A=2
So, the range of | Ad | is (0, 12).
Alternate Method
Since, —-3<A<2
043
= 0<4|4K12
| Ad e [0,12]
33. The number of vectors of unit length perpendicular to the vectors
Zz=2f+}+2]€ and 1;=}+l€ is
(A) one
(B) two
(C) three
(D) infinite
Sol. (B) The number of vectors of unit length perpendicular to the vectors a and b
is ¢ (say)
ie, ¢=*(axb)
So, there will be two vectors of unit length perpendicular to the vectors a and b.
Fill in the blanks in each of the Exercises from 34 to 40.
34. The vector d+b bisects the angle between the non-collinear vectors a and
b if
Sol. Ifvector a+b bisects the angle between the non-collinear vectors, then
a-(G+b)=ldl-|a+b|cos@
a-(a+b)=ava’ +b* cosd
a-(a+b) .
= cosf a\/m (D)

And b-(G+b)b|-|d+b|cosb-



35.

Sol.

36.

Sol.

37.

Sol.

38.
Sol.

b- (a +l;) =ava® +b* cos@ [since, 8 should be same]
b-(d+b)

= cosfd=—F—+—+=
bNa* +b°

From Egs. (i) and (ii),

a-(a+b) b-(a+b) a4 b

awa*+b*  Wat+p*  ldl |b]
~4=b=G and b are equal vector.
If 7.a=0, 7b= 0, and 7.¢ =0 for some non-zero vector 7, then the value of

a(bx?) is

Since, 7 is a non-zero vector, So, we can say that 4, b and ¢ are in a same plane.
a(bxé)=0

[since, angle between a, b and ¢ are zero ie, 6=0]

The vectors 4 =3/ —2j+2k and 5 =i — 2k are the adjacent sides of a
parallelogram. The acute angle between its diagonals is

We have, =3/ —2j+2k and b =—i — 2k
s d+b=2i-2]and G-b=41-2]+4k
Now, let @ is the acute angle between the diagonals d+b and d—b.
p@D-G-b)
la+bl|la—-b]|

_(2i-2))-(4i-2j+4k) _ 8+4 1

.. CO

J8V16+4+16 2426 2
T /4 1

0=" s E=—
4{ cos4 \/5}

The value of k for which | kd |<|d| and ka= %d is parallel to a holds true are

We have, | kd |<| d |and ka= %d parallel to a.

~lkallal= klal<lal
=lklkl = -1<k<l

Also, since ka +%d is parallel to d, then we see that at k = _71 ka +%d becomes a
null vector and then it will not be parallel to a.
So, ka +%d is parallel to a holds true when ke]—1,1[k # _71

The value of the expression |axb [© +(d.b)* is

|axb P +(@-b)> = al|b | sin>0+(G-b)*



39.
Sol.

40.
Sol.

=al|b |’ 1—cos’>@)+(a-b)

=al|blP —|aPIb P cos’0+(a-b)

=lal|bl ~(@-by +(a-b)

|axb | +@-by < allbf

If |axb | +|ab’=144 and |G |= 4, then | b | is equal to
claxb P +|a-bP=1441al -|b

= |dl|b|P=144
|G| 16
~|bE3

If d is any non-zero vector, then (@.i)i+ (Zz.j)} + (Zi./g)lg equals
Let d=ail+a,j+ a3l€
s d-i=a,d j=a, and &-I€=a3

c @ Di+@ Dj+@-bk=ai+a,j+ak=a

State True or False in each of the following Exercises.

41.
Sol.

42,
Sol.

43.
Sol.

44,
Sol.

If |alH b |, then necessarily it implies d = +b.
True

If|d|=lb = d=1b

So, itis a true statement.

Position vector of a point P is a vector whose initial point is origin.
True

Since, P=0P= displacement of vector P from origin.

If ‘Ez + l;‘ = ‘Ez —b|, then the vectors Gandb are orthogonal.

True

Since, |d+b |5 d—b |

=|a+b[=da-bl

= 2|allbl=-2lallb|

= 4|dllb =0

=adllbI=0

Hence, d and b are orthogonal. ['.'ﬁ-lgzl al -|5|cos90” =0]
The formula (G +5)> =a*+b> +2axb is valid for non-zero vectors & and b .

False



45,
Sol.

(@+b)=(a+b)-(@+b)

=a’+b*+2a-b

If G and b are adjacent sides of a rhombus, then ib=0.

False

If -b=0, then d@-b = allb|cos90°

Hence, angle between a and b is 90”, which is not possible in a rhombus.

Since, angle between adjacent sides in a rhombus is not equal to 90°.



Sol.

Sol.

Sol.

Vector Algebra
Short Answer Type Quesitons

Find the unit vector in the direction of sum of vectors d=2i — j+k and
b=2]+k.

Let ¢ denote the sum of d and b .

We have, ¢ = i+b

=20 j+k+2]+k=27+]+2k

20+ ]+2k 20+ j+2k

. . . . - C
. Unit vector in the direction of ¢ = E = m = %
P 2i + é+ 2k
Ifda=i+ }+ 2k and b =2 + } +2k, find the unit vector in the direction of
(i) 6b
(ii) 2a-b

Here, d=i+ j+2k and b =2i + | + 2k,
(i) since, 6b =127 +6]—12k
6b

- Unit vector in the direction of 6b = @

_12i4+6)-12k _ 6(2i+ j—2k)
1612t 324
6(2i +j—2k) 2i+j-2k
18 3
(ii) Since, 2d—b =2(i + j+2k)— (21 + ] —2k)

=21 +2]+4k-2i—j+2k=j+6k

2i-b _ j+6k _ 1
12d-b| 1+36 37
Find a unit vector in the direction of 17(5, where P and Q have co-ordinates
(5,0,8) and (3,3,2), respectively.

Since, the coordinates of P and Q are (5,0,8) and (3,3,2), respectively.

(j+6k)

. Unit vector in the direction of 2G—b =

- PQ=0Q-0P

=3 +3]+2k)— (5[ +0] +8k)

=-2{+3] -6k

PQ —2{+3]-6k
IPQl 22 +3*+6

.. Unit vector in the direction of P—Q =



_ 2i+3]-6k —20+3]-6k

J49 7
4, If Gand b are the position vectors of A and B, respectively, find the

position vector of a point C in BA produced such that BC=1.5 BA.
Sol.  Since, OA=d and OB=5

~.BA=OA-OB=d-b

And 1.5BA =1.5(G—b)

Since, BC=1.5BA =1.5(G@—b)

OC-OB=1.5a-1.5b

OC=1.5a-1.5b+b [+OB=b]

=1.54-0.5b

_3d-b

2
Graphically, explanation of the above solution is given below

@-bB) A
@-Bb) c

5. Using vectors, find the value of k such that the points (k, -10, 3), (1, -1, 3)
and (3, 5, 3) are collinear.

Sol.  Letthe pointsare A(k,-10,3), B(1,-1,3) and C(3,5,3)

A B C

So, AB = 0B —-0A

= —]+3k)— (ki =10} +3k)
=(1-k)i +(=1+10)j+(3=3)k
=(1-k)i +9]+0k

[ ABI=y/(1—k)* +(9)* +0 = /(- k)> +81
Similarly, BC=0C-0B

= (31 +5]+3k)— (i — ] +3k)

=20 +6]+0k

~|BC =22 +6* +0 =210

And AC=0C-0A

=37 +5]+3k)— (ki =10 +3k)
=(3-k)i+15]+0k



Sol.

~|AC|=+/3=k)* +225

If A, B and C are collinear, then sum of modules of any two vectors will be equal
to the modules of third vectors.

For | AB|+|BC|H AC|

Ja=6? +81+2410=/3-k)* +225

= J3—k)?+225-J(1-k)> +81 =210

= N9+ k% —6k+225 —1+k> =2k +81 =210

— K —6k +234 - 210 =\k* -2k +82

= k2 =6k +234+40 - 24/k? — 6k +234 - 2410 = k* - 2k +82
— K — 6k + 234+ 40— k> + 2k —82 = 110Nk + 234 — 6k
= —4k+192 = 410VK + 2346k

= —k+48=10VK* +234—6k

On squaring both sides, we get

48x48+k* —96k =10(k” +234 - 6k)

= k* =96k —10k’> + 60k = —48x 48+ 2340

= —9k* —36k = —48x 48 +2340

= (k* +4k)=+16x16—260 [dividing by 9 in both sides]
= k>+4k=—4

=k’ +4k+4=0

= (k+2)*=0

k=2

A vector 7 is inclined at equal angles to the three axes. If the magnitude of
7 is 2\/§ units, find 7.

We have, | 7 |=24/3

Since, 7 is equally inclined to the three axes, 7 so direction cosines of the unit
vector ¥ will be sameie., [=m=n.
We know that,

P+m*+n’ =1

=I+P+F =1



12,1 4,14
=|t—it—jt—k |23 [ |ri=243]
3BT }

+2/+2]42k =423+ j+k)

7. A vector 7 has magnitude 14 and direction ratios 2,3,-6. Find the direction
cosines and components of 7, given that 7 makes an acute angle with x-
axis.

Sol. Here, |7|=14,d=2k,b =3k and ¢ =—6k

. Direction cosines [, m and nare

a2k _k
I 47
b 3k
RET
And n=-S =0k 23k
17l 14 7

Also, we know that
P+m’>+n° =1
k* 9k* 9k’
= —+—+—=1
49 196 49
4k* +9k* + 36k’ 1
196
196
=0 "
= k=12

= k? 4

23 -6
So, the direction cosines (/,m,n) are - and =

[since, 7 makes an acute angle with X-axis]
=77
cor==0 +mj+nk) | F|
= +_2{+§j_§/€ 14
7 77 7
=+4i+6]—12k
8. Find a vector of magnitude 6, which is perpendicular to both the vector
2i—j+2k and 4i - j+3k.
Sol. Letd=2i—j+2k and b=4i—j+3k

So, any vector perpendicular to both the vectors a and b is given by



Qy
X
Sy
Il
Ea O
|
[
w N

=1(-3+2)— J(6-8)+k(-2+4)
=—{+2]+2k=TF
A vector of magnitude 6 in the direction of 7
_F oir2it2k o

71 V1P +22+2°

-6, 12, 124

=—i+—j+—k
3 3] 3

=20 +4]+4k
9. Find the angle between the vector 2 — | +k and 37 + 47— k.
Sol. Letd=2i—j+k and b=3i+4j—k

We know that, angle between two vectors a and b is given by

cosf = a.bﬁ

lallb|
_Qi—j+k)Gi+4] k)
C VA+1419+16+1
6-4-1_ 1
V6426 2439

6 =cos™ (Lj
239

10. Ifd+b+¢= 0, show that Gaxb =bx¢=¢Xa. Interpret the result
geometrically?

o

Sol.  Since, G+b+¢=0

=>b=—C—-a

Now, axb =ax(—¢—a)

if_l;[ sin® X¢
i

3

= bx¢=c¢Xa ..(ii)
From Egs. (i) and (ii), axb=bx¢=¢xad
Geometrical interpretation of the result



11.

Sol.

12.

Sol.

If ABCD is parallelogram such that AB=a and AD=b) and these adjacent sides
are making angle € between each other, then we say that

Area of parallelogram ABCD =|d || b | sin @ |=| axb |

Since, parallelogram on the same base and between the same parallels are equal
in area.

We can say that, IﬁxglzléxElzlngl
This also implies that, Gxb=adxc=bx¢

So, area of the parallelogram formed by taking any two sides represented by a,b
and ¢ as adjacent are equal.

Find the sine of the angle between the vectors d=3i+ )+ 2k and
b=2i-2]+4k.
Here, a, =3,a,=1,a,=2 and b, =2,b, =-2,b, =4
We know that,
a,b,+a,b, + a,b,

Jai + @ +a2 b+ + D7
_ 3X24+1X(2)+2%4

J32+12+22J22+(—2f-+42
_6-248 12 6 _ 6 _ 3
V1424 2146 4 2V21 V2l

.sinf = m

3

If A, B, C, D are the points with position vectors i — ] + k,2i — 7+ 3k, 2i -3k

cosf =

and 3i -2 + k, respectively, find the projection of AB and CD.
Here, OA =i+ j—k,OB=2{ — j+3k,0C=2{ -3k and OD =3i—2{ +k
~AB=0OB-0A=Q2-1)i+(-1-1)j+3B+Dk

=i-2]+4k

And CD=0D-0C = (3-2)i +(=2—-0) ]+ (1+3)k

=i-2]+4k

o — — — CD

So, the projection of AB along CD = AB-——
|CD|

C(i=2j+4k)-(1 =2 +4k)

VP 12244

_1+4+16 21

NoTRERNCTE

21 units




13.

Sol.

14.

Sol.

Using vectors, find the area of the triangle ABC with vertices A(1, 2, 3), B(2,
1,4) and C(4, 5, -1).

Here, AB=(2-1)i +(-1-2)j+(4-3)k

=i-3]+k C (4,5, -1)
And AC=(A4-1i+(5-2)j+(-1-3)k
=3i+3] -4k
Pj ok
~ABxAC=|l -3 1 A > 3
3 3 -4 (1.2,3) @-1,4)

=1(12-3)- j(-4=3)+k(3+9)
=9i +7]+12k

And | ABXAC |=v9% + 72 +12?
=/81+49+144

=274

. Area of AABC = % | ABXAC |

=% 274 sq units

Using vectors, prove that the parallelogram on the same base and between
the same parallels are equal in area.

Let ABCD and ABFE are parallelograms on the same base AB and between the
same parallel line AB and DF.
D E C F

Let AB=a and AD=b >

.. Area of parallelogram ABCD =dxb "

Now, area of parallelogram of ABFE = ABXAE

= ABX(AD+DE) A B
= Ex(lg +ka) [let DE = ka, where k is a scalar]
=ax(b+ka)

= (axb)+(axka)

= (axb)+k(axa)

=(axb) [ axd=0]

=Area of parallelogram ABCD.

Hence proved

o)



Vector Algebra
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15. Prove thatin any triangle ABC, cos A= % ,where a, b, ¢ are the
C

magnitudes of the sides opposite to the vertices A, B, C, respectively.

Sol.  Here, components of C are ¢ cos A and ¢ sin A is drawn.

A
Dl«— Ccos A—>
L »l
»

b i

Since, CD=b—ccos A
In ABDC,
a’* =(b—ccos A)’ +(csin A)
= a’=b>+c’cos’ A—2bccos A+c’sin” A
= 2bccos A=b>—a’ +c*(cos® A+sin® A)
b*+c*—a’

2bc

S COSA=

- 1 = -
16. If g, b, ¢ determine the vertices of a triangle, show that E[b XC+CEXd+adxb]

gives the vector area of the triangle. Hence deduce the condition that the
three points 21,15 ,¢ are collinear. Also, find the unit vector normal to the
plane of the triangle.

Sol.  Since, &,15 and ¢ are the vertices of a AABC as shown.
.. Area of AABC = % | ABXAC |
Now, AB=b—-d and AC=c¢—ad

. Areaof AABC=—|b—aGxc—a|

1
2

S
X
o
|
S
X
Ql
|
Ql
X
ol
+
Q)
X
Ql

S
X
oY1
+
Ql
X
Sy
+
oY1
X
Ql
+
(@]

Xb+Exal ...(i)

>

Ql

+

o)

X

R~ = =

For three points to be collinear, area of the AABC should be equal to zero.



17.

Sol.

= %[5x5+5xé+axl3]:0
= bXC+ixa+axbh =0 ..(i)
This is the required condition for collinearity of three points d,b and ¢.
Let 7 be the unit vector normal to the plane of the AABC
A ABXAC
" |ABXAC|
axb+bx¢+exa
|Gxb +bXC+¢Xal

Show that area of the parallelogram whose diagonals are given by ¢ and b
|axb |

is . Also find the area of the parallelogram whose diagonals are
2i—j+k and [ +3]—k.

Let ABCD be a parallelogram such that
AB=p,AD=G=BC=g

By triangle law of addition, we get
AC=p+g=a [say]...(i)

Similarly, BD=~p+G=b [say]...(ii)

On adding Egs. (i) and (ii), we get
é+l3:2(j:>(j:%(é+5)
On subtracting Eq.(ii) from Eq.(i), we get

a-E:zﬁ:»ﬁ:%(a—E)

[axb+axb] =%(ax5)
So, area of a parallelogram ABCD =| px g I=%| axb |

Now, area of a parallelogram, whose diagonals are 2/ — ; +k and i+ 3j —k.

:%l(Zf—j‘+l€)x(f+3}—l€)

iJ ok
NI
=—2 -1 1
2



:%|[;<1-3)-}<—2—1)+/€<6+1)]|

1. o~ A _a
:E|_2i+3j+7k|

:%«/4+9+49 =%x/6_2 5 units

18. Ifd=i+j+k and b= ]—k, find a vector ¢ such that Gx¢=» and a-¢=3.

Sol. Letc=xi+y+ zk

And ﬁzf+}+l€ and b=]-k

For axc =b»b,
ik

11 1|=j-k
X y z

= (z=y) = j(z—x)+k(y-x)=] -k

snz—y=0 ..0)
x—z=1 ..(i)
x—y=1 ..(iii)
Also, d-c =3

(L + j+h)-(xi +yj+2k) =3

= x+y+z=3 ..(iv)

On adding Egs. (ii) and (iii), we get
2x—y—z=2 ..(v)

On solving Egs. (iv) and (v), we get

Now, E=§f+2}+glg
3 3 3

=%(5§+2}+21€)



