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Chapter 10 Vector Algebra

®  PDFelement

EXERCISE 10.1

Question 1:
Represent graphically a displacement of 40km, 30° east of north.

Solution:
N Scale
N —
10km
P
o/ 40km
30
W<€ ) >E
W
S

LI .
OP represents the displacement of 40km, 30° north-east.

Question 2:
Classify the following measures as scalars and vectors.

(1) 10 kg (i1) 2 meters north-east (ii1) 40°
(iv) 40 watt (v) 107" coulomb (vi) 20m /s’
Solution:

(1) 10kg is a scalar.
(11) 2 meters north-west is a vector.

(i) 40°is a scalar.
(iv) 40 watts is a scalar.

(vy 107" Coulomb is a scalar.
(viy 20m/s’is a vector

Question 3:

Classify the following as scalar and vector quantities.

(1) time period (i1) distance (1i1) force
(iv) velocity (v) work done.

Solution:

(i) Time period is a scalar.
(i1) Distance is a scalar.
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Force is a vector.
(iv) Velocity is a vector.
(v) Work done is a scalar.

Question 4:
In figure, identify the following vectors.

->
a
- ->
d b
N N
€ —
¢
(1) Coinitial (i1) Equal (ii1) Collinear but not equal.

Solution:
(i)  Vectors a and 3 are coinitial.
(i) Vectors b and d are equal.

(ii1) Vectors a and ¢ are collinear but not equal.

Question 5:
Answer the following as true or false.

() a and —a are collinear.

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

(i) Two vectors having same magnitude are collinear.

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

Solution:
<

(i) True. O \O
(i) False. @b 6)\

(iii) False. %
KON

(iv) False
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EXERCISE 10.2
Question 1:
Compute the magnitude of the following vectors:
~ qx, g, PR
-ra ~ ~ o= —

B B B

a=i+j+k; b:ii—%j—gk;

Solution:
—

al =1y +(1) +(1)° =B
 J2) + (1) +(3) =Var 499 = ez

EORORCIREES

Question 2:
Write two different vectors having same magnitude.

=l |

[

Solution:
Lot ;=(£—§j+§k) o E;’:(ii-;j—gk)

|c:f=,(12+(-2)2+32 =J1+4+9 =14
|a§7r=,(22+12+(_3)2 =J4+1+9 =414

But a=b
<

Question 3: @ (b
Write two different vectors having same direction. &('o Qﬂ
Solution: 6\(0 %-

Let 57:(:*«7”:5 and ;:(2i+2;+% Q &Q
O
The DCs of IEI’ are Q\ \/
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The DCs of ¢ are

e 2 _ 2
J22427+22 243

- 2 -
V22427422 243

) 2 2

222 +27 243

e
But p#q

Question 4:

Find the values of x and y so that the vectors 2/+3/ and xi+»/ are equal.

Solution:

It is given that the vectors 2i+3/ and Xi+ Y/ are equal.

Therefore,

-

2i+3j= xz'-l-yjl
On comparing the components of both sides

=x=2
= y=3

Question 5: GQ :\\C)
Find the scalar and vector components of the vector with initial point (2’1) and termi@l poi Q

o S
(7). 2R

Solution:
| NN
Let the points be © (2.1) and 9(-5.7) \’\\O é
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=(-5-2)i+(1-1)j
- -
=-Ti+6j

So, the scalar components are =7 and 6, and

the vector components are —7i and 6/ .

Question 6:

=7 A ~ ~ 4 7 A

Find the sum of the vectors a=i—2j+k, b=-2i—4j+5k and c=i—-6j+7k

Solution:

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

Therefore,
a+b+c=(1-2+1)i+(-2+4-6)j+(1+5-7)k
—0i-4j -k
=4k
Question 7:

=7 A ~

Find the unit vector in the direction of the vector @ =i+ j+2k

Solution:

- ~

We have a=i+ j+2k

Hence,
H:le +12 427
=1+1+4
=J6
Therefore, _ @
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uestion §:
L
Find the unit vector in the direction of vector ¥, where P and Q are the points (L.2.3) and

(4.5.6) respectively.

Solution:

We have the given points P(L2.3) and Q(4*5=6)

Hence,

~

PO=(4-1)i+(5-2)j+(6-3)k
=3i+3j+3k
=27
=3\3

So, unit vector is

uu:r'= ﬂ+§j+§k
L

~ ~ ].A

-F R

Question 9:

= A A - A ~

For given vectors, @ = 2i~ j+2k and b=—i+ j—k , find the unit vector in the direction of the

vector a+ b

Solution:

= A - A ~ ~

The given vectors are @ =2i— j+ 2k and b=—i+ j—k

Therefore, @

; i ; k S
o+ =T+ =2 \f& ‘E}Q
Thus, unit vector is . OQ KQ
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— T A oA

a+b i+k
|a+b V2
ISPRE B
=—=it+—=k
V20 2

Question 10:

~ ~

Find a vector in the direction of vector 5/—j+2k which has magnitude § units.

Solution:

=7 A ~

Let a:Si—j-l-Ek

Hence,

=5 (17 + (2)
=25+1+4

Therefore,

~ ~

Thus, a vector parallel to 5/ = j+2k with magnitude 8 units is
Sa=g| X— K
J30
40~, 8~ 16~

= [— + k
NN TN

Question 11:
Show that the vectors 2i—3j+4k and —4i+6,/—8k are collinear.

Solution: GQ &)
We have ;=§5—3j+§ik and E:’:—:lz'+6j—§k < @)
NOW, - . . R &6 Q
b=-4i+6j—8k \(b
—a(5i-3j+ k) &
-3
a

1 \\\O @fb
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\")

‘
2
LIONST"/

Since, b=Aa

Therefore, A =-2

So, the vectors are collinear.

Question 12:

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

Solution:

=7 A ~

Let a =£+2Ji+§k

Therefore,
o= VP23
_ JT74%9
=14

1 2 3
Thus, the DCs of a‘are[ 14" \14” 14J

Question 13:
Find the direction of the cosines of the vectors joining the points A(1,2,-3) and B(-1.-2.1)
directions from A to B.

Solution:
The given points are A(1,2,-3) apq B(-1-2.1),
Therefore,

AB = (~1-1)i+ (22§ j+{1-(-3) &

= 2i—4j+4k

|%= JE2) +(—4) +4° %8

=V4+16+16 &@ Q
e
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Question 14:
Show that the vector i+j+ is equally inclined to the axis OX, OY and OZ.

Solution:

=7 A ~

Leta=i+j+k

Therefore,
H:\/f FEEIRE
=3

1 1 1
Thus, the DCs of a are [xﬁ , \5\6]

Now, let @, and 7 be the angles formed by a with the positive directions of ¥, and z axes
respectively

Then,
cosa o L cos B ol cosy O
NEN NEN J3

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

Question 15:
Find the position vector of a point R which divides the line joining two points P and Q whose

position vectors are i+2j—k and —i+ j+k respectively, in the ratio 2:1.
(i)  Internally
(i) Externally

Solution:
Position vectors of P and Q are given as:

OPZi43; k and O0="i+j+k

(i)  The position vector of R which divides the line joining two points P and Qinternally in
the ratio 2:1 is
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=1
@
%»ZZ(:f;j;k)H(Hij:k)
2+1
(—§i+§j+§k)+(i+§j:k)
B 3
_:i+41j-|’-\k
3
=—§z‘+§j+§k

(i)  The position vector of R which divides the line joining two points P and Q externally in the
ratio 2:1 is
;3 2(:f$j$k)—1(f+§j:k)
2-1
(—§i+§j+§k)—li+§j:k)
1

=—§:‘+§k

Question 16:

Find the position vector of the mid-point of the vector joining the points P(2.3.4) and
Q(4a 15_2) .
Solution:
The position vector of the mid-point R is
MR (2i+3)+4k)+(4i+)-2k)
OR =
2
_(2+4)i+(3+1)j+(4-2)k
2
_6i+4j+2k
2
=3i+2j+k Q)

Question 17:
Show that the points A,B and C with position vectors, @=3i—4;—4k @F 1 +Qand
¢=i—3j—5k  respectively form the vertices of a right angled triangle. % Q

RN
N
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Position vectors of points A, B, and C are respectively given as:

=7 A = A ~ ~

a=3i- 4; 4k b=2i—j+k andC—I 3] Sk

Therefore, o
AB=b-a=(2-3)i+(-1+4) j+(1+4)k
: §;+§k
- =
l]%':c :(1—2)z+( 3+l)}+( -5- l)k
=Zi+2j-6k
- =
E@E’:a c=(3- 1)£+( 4+3)_;+( 4+5)k
=ii:j+k
Now,
Llﬁj'r (-1) +32+52=I+9+25=35
DET( 1) +(=2)" +(-6) =1+4+36=41
|g'f4ﬁ)Z 22 4(-1) +1> =4+1+1=6
Also,
HEFJF‘%F:%%
=41

[

Thus, ABC is a right-angled triangle.

Question 18:
In triangle ABC which of the following is not true.

C
%)
3 &
A v @ >
(A) AB+BC+C4=0 &% Q&
(B) AB+BC-AC=0 %\(b Moy
© A B0 ™ &
(D) 4B-¢B+dd-o ‘\’\\O @fb
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|@|

Solution:

A >'B

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

(TN S W g W o
= AB+BC=AC ..(1)
= A g i

0k (I B
= AB+BC+CA=0 s 2)

Hence, the equation given in option A is true.

=]

—_
[N}

~—

Now, from equatio

Hence, the equation given in option B is true.

Also,

Hence, the equation given in option D is true

Now, consider the equation given in option C,

D" LUT” Luoe
AB+BC—-CA=0

= +g:@-)= A ...(3)

From equations (1) and (2)

He-q %)
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&

e

ILLIC L
\%ich is not true. So, the equation given in option C is incorrect.

Thus, the correct option is C.

Question 19:

If @ and b are two collinear vectors, then which of the following are incorrect?
(A b= /la', for some scalar A

(B) a'= ib‘ ' ‘

()  the respective components of @ and b are proportional.

(D) both the vectors a and b have same direction, but different magnitudes

Solution:

If @ and b are collinear vectors, they are parallel.

Therefore, for some scalar A
b=2Aa

If A=+1, then a=+b

- ~ ~

If a=a1£+a2_j+a2k and bzb:£+b;j+b;k

Then,

-

:>b’=,la
:>b:i+b;j+b;k=/1(a:f+a:.f+0;k)

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

Comparing the components of both the sides

= b] = /la,
_’
=b = laz
-
= bs = ﬁ.a‘
Therefore,
b_b_b_,
1 a} a'{

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

However, a and b may have different directions.
Hence, that statement given in D is incorrect.

Thus, the correct option is D.
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EXERCISE 10.3

Question 1:
Find the angle between two vectors @ and b with magnitude V3 and 2, respectively have
ab=4/6
Solution:
It is given that
7-
-
——
ab=16
Therefore,
= JE —J3x2co0s0
J6
= cos0 =
J3x2
= cosf =—=
V2
o
4
Question 2:

Find the angle between the vectors i- EJ' +3k and 3i —if Tk,
Solution:
Let a=i—2j+3k and b=3i-2j+k.
Hence,
|;f=,/12+(-z)f"+32 =J1+4+9 =414 60 ‘\QQ
|§f=«/32+(—2)2+12 =9+4+1=114 <
—_ ~ ~ A A oA
ab=(i-2j+3k)(3i-2;+k) &(9 Q
x0

=1x3+(-2)(-2) +3x1
=3+4+3 Q% &Q

O
=10 N\ Lo
NN
Therefore, Q\ \.,/
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i

= 10=\/ﬁ\/ﬁc059
= cosf = E
14
=60 =cos” [é]
7
Question 3:

. ~

Find the projection of the vector i~/ on the vector i+ J

Solution:

-7 A ~ 7 A ~

Let a=i—j and b=i+j

Projection of @ on & is

Question 4:

~ ~

Find the projection of vector i+ 347k on the vector Ti— j+8k

Solution

=7 A ~

Leta—:+3;+7k and b=Ti— j+8k

Projection of @ on b is

1
—{()7)+3(-1-7(8)
Wj N }

=——(7-3+56
\/49+l+64( )

_60
\“ 14

Question 5:

Show that each of the given three vectors is a unit vector which are

L&

Remove Watermark

>

>

&

each other. §@V®

ally@&dicular to

ﬂ

Wondershare

PDFelement

Q
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@G,bc}\
o o\
S %
0 qy
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1 A I\. ~ 1 -\_ n.. ~ 1 A_ A- ~
;(2;+3}+6k),?(3z—63+2k),;(6;+21—3k)
Solution:
Let
W - - F &
a—?(21+3]+6k)——1+?j+?k
= YE B B ¥ 6, 2
=—{3i-6j+2k|==i——j+=k
7( / )? 7777
T LE, 2 3 & 2 3
C—;(6I+2]—3k)——l+;j—;k
Now,
T [2T [3J2 [6]2 4 9 36
a: o + By S = —_— T—y _— =
7 7 7 49 49 49
T [3)2 6]2 2)2 9 36 4
bl=,l=| +|-=| +|=| =,—+—+—=
7 7 7 49 49 49
T\/(()T [2}2 ( 3}2 36 4. 9
cl= — | F| =| ¥| == | =il—F P —n
7 7 7 49 49 49
So, each of the vector is a unit vector.
Hence,
e 2 3 [ 6] 6 2 6 18 12
ab=—x =+l — (T — = — —— - — =)
7 7 7, 7 7 49 49 49
= 3 2[6](3)218126
be=—x—4+—x|——|4+| = |x==——-———
7 7 7 7) 7) 7 49 49 49
22 6 3 2 6 3) 12 6 18
Ca=—K—t—RN—t—N —= [E—f—t—=
7 7 7 17 7) 49 49 49

So, the vectors are mutually perpendicular to each other.

Question 6:

Find H and

J, it (a+5)(a=8)=8 4q o[ =8le]
Solution:

It is given that (;r E;)(:;_ (:j =8 and H: SH
Therefore,

mm Wondershare
PDFelement

Remove Watermark g
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L
=5 ;+b ;—b =8
(erolfe)=3,
= aa—ab+ba-bb=38
G
)=
< =
= 63 ‘;F -9
_b
=1b =£
63
-
=|b :JE
63
Y
= b =&
37
Now,
7T
_ 8x 22
W7
162
W7
Question 7:

Evaluate the product (3;— 53:5 (25; 75;

Solution:

e Al - - - - - —

(3a—5.€:j(2a+ 75} = 3¢ia +3ﬂb _S_i,'za-fffb

=6aa+2lab—10ab-35bb
=6\EF+11§-35|5F S . O@
¥ X
< @Q
Question 8: (%) 2§

Find the magnitude of two vectors a and b‘, having the same magnitude an@% gle
1
between them is 60° and their scalar product is 2 Q &Q
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olution:
Let 6 be the angle between a and b

1
It is given that ﬂ H "2 and 0=60°
Therefore,
’_rﬂcos 60°
= 5 = )a x 5

Question 9:
Find H, if for a unit vector a‘, (x_;j'(x+;j: 12

Solution:

— —
:(x—c:j.(x+;)=12
—_ = = =
= xx+xa—ax—aa=12

-
= —|§F=12

%
e

=lx| —1=12
-

= x| =13
—

= |x[=+13

Question 10:

=7 A ~

If a=2i+2j+3k, b="i “i+2j+k and c=3i+/ are such that a+Ab is perpendicular to ¢, then
find the value of 4.

Solutlon

We have a=2i +2j+3k, b="i+2j+k and c=3i+] are such that a+ib is perpen ¢

c & Q&
Then, %’\(b

a+Ab=(2;+2j+3k)+l(—z+2j+k) Q

(2-Ajf+(2+2ljj+(3+ljk .\‘\\O @é
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o (a4 40)=0
=[(2-2)i+(2+22) j+(3+A)k ] (3i+ /) =0

=3(2-2)+(2+24)+0(3+1)=0

=6-31+2+21=0

=-A+8=0

= 1=8

Question 11:

Show that |;[;+ H’; is perpendicular to H;-H;, for any non-zero vectors aand b .

Solution:

(5 -1 e e
R

Question 12:
If aa=0 and a.b=0, then what can be concluded above the vector b ?

Solution:
We have a.a=0 and abh=0

Hence,

Therefore, a is the zero vector

Thus, any vector b can satisfy ab=0 60 C’;\\O

Questlon 13: (&6 Q
If a, b ¢ are unit vectors such that a + b +¢ =0, find the value of ab +bc @ %’

SN
N
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olution:

We have a,b,¢ are unit vectors such that a+bh+c¢ =0

Therefore,
= - - - - >
|a+b+gr=(a+b+;j (a+b+gj

|T !;r |T+2 ab+bc+c

0—]+1+l+2(a.b+b.c+c.a

- = 3
(a.b+b.c+2a_j= ?

Question 14:

If either vector « =0 or =0, then a.b=0. But the converse need not be true. Justify the
answer with an example.

Solution:

Let a=§f+2j+§k and b=3i+§j—8k

Therefore,
ab=2(3)+4(3)+3(-0)
=6+12-18
=0
Now,
H:Jzz +47°4 329
—
=a#0
H:Jf +324(-6)" =+/54
—’
=h=#0

So, the converse of the statement need not to be true.

<
Question 15: GQ \30

If the vertices A, B, C of a triangle ABC are (1,2,3),(-1,0,0),(0.1,2) respectlvely, @h ﬁ](bc)
L
ZABC . [ £ZABC is the angle between the vectors 84 and BC] & Q

(%
Solution: 6\' Q%'
Vertices of the triangle are A(1.2.3), B(-1.0.0) 5pq €(0.1.2) . OQ é
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'Isyfz{1—(1)}i+(2—03;‘+(3—ojk
mE_)=§r’+£j+§k
BC ={0—(-1)}i+(1-0) j+(2-0)k
=Ar‘4:j+§k
BA,BC=(21+2;+3k)(r+ ;+2k)
=2x14+2x1+3x2

=2+2+6
=10

L/ ANy
Wy
i

6
W:‘%H%Tws(mm

Therefore,
=10=+17x/6 (cos Z4BC)
10

V17 %6

= (£ABC)=cos™' (

= cos(ZABC) =
10 ]
V102

Question 16:
Show that the points 4(1,2,7), B(2,6,3) and C(3.10-1) are collinear.

Solution:

The given points are A(1,2,7), B(2,6,3) anq C(3,10-1), 0 . OQ
N

Hence, @6 Q
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AB=(2-1 ):+(6 2jj+(3 75k3;+2j 4k
%%1(3 2)J+(10 6)]+( 1— 3)k—1+4; Ak
I}E‘-’:(g 1)z+(10 2);+( )k—21+8_;—8k
%T JE+4+ =J1+16+16 =433
%@T JP +42+(4 =J1+16+16=+/33
I3
AC|=2" +8+8 = JA+64+64 =233
Therefore,
e R e
=233
=|ac

Hence, the points are collinear.

Question 17:
Show that the vectors 2i—j+k, i—3j—5k and 3i—4/—4k form the vertices of a right angled
triangle.

Solution:

Let 04=2i" j+k,0B =i-3j~5k and OC =3i—4;- 4k

Hence,
A8 = (1-2)i+(-341) 7 +(-5-1)k ="i-2; - 6k
=(3-1)i+(-4+3) j+(-4+5)k=2i" j{k
:(2—33f+(—1+4jj+(1+4jk= :i+§j+§k

8= JO + (2 + (o) = Vivar36=+ai

%]é},/22+(_1)2+12 o ST /8 @

|%=,f(-1)2+32+52=J1+9+25=J33 GQ AN
%) {b(’

Therefore, &(O
|%T+|%T=6+35 \(b %-Q

=41 . Q &
|28 %\\O Q)’O
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|2
Thus, A4BC is a right-angled triangle.

Question 18:
If a is a nonzero vector of magnitude ‘@’ and A a nonzero scalar, then Aa is a unit vector if
(A) 2 =1 (B) A=—1 €)@= o) |

Solution:

:>‘/'La =1

=>\A|H=1
i

1

= da=i—
2

Hence the correct option is D.
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EXERCISE 10.4

Question 1:

Find ‘axg[, ifaéf—?jﬁk and b:%i—§j+§k

Solution:

We have, a;i—aj-i-:a’:k and b=§i—§j+§k

Hence,
- - ik
axb=|1 -7 7
3 -2 2
Zi(~14+14)= j(2-21) + k(-2+21)
=19/ +19%
Therefore,
—)
|ax5[=,/ 19)* +(19)°
=y2x(19)*
=192
Question 2:
Find a unit vector perpendicular to each of the vector a+b and a—b, where a=3i+2j+2k
and b;£+§j—§k @
N ‘\O
Solution: Q)G C}'

Wehave;;%i-l-ij-l-gkandf:’;f+§j—§k. % &@
Hence, (& Q
a+b=:h'+aj 6\’ %‘
a—b=5i+dk S~ &
T O

Therefore, @\ \/
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a+b)x(a—b) =416 +(=16) +(-8)* =+/2% x8>+ 22 x8* + 8
[+ 8)<(a=8]= oo+ (a6 + (57 =

—8J22+22 +1 =89
=8x3=24

So, the unit vector is

— -

a+b)x|la-b Gi 1hi_®
i( ( =i161 168k
‘(a+b x(a—b | 24
=i2i—2j—k
3
LI
3 3 3
Question 3:
/s T

If a unit vector @ makes an angle 3 with i, 4 with / and an acute angle 6 with k , then find

6 and hence, the components of a.

Solution:

— A

Let the unit vector 4 =ai+a,j+ak

J-

Then,

Now,
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So,

Question 4:

I I
and components of a are [2 2
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T q, 1
COS—=TH=>d =—
3 H 2

COSz—aﬁa _L
4 ‘ZT SR 5

cos@ —ﬁ: a; = cosB
a

=.Jal +a:+a; =1
2 2
:{ij +[L] +cos’f =1
2) V2
=>—+—+cos 0 =1
4 2

:>%+00529=1

T
4 4
1
= cos8 =—
2
—0=2
3
T 1
a; =Ccos—=—
3 2

)

| =

Show that (;'_ij(;+3j=2(;'x3j
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olution:

LHS—(; gj ;rz:j

a I:jxa+a bxb

R . e Y S

=axa—-bxa+axb-bxb
R

=04+axb+axb-0
- =

=2axh
= RHS

Question 5:
Find 7 and 4 if (2:+6J+27k)x(z+lj+yk)=0

Solution:
We have (§f+8j+23k)x(f+ij+ﬁk)=0
Therefore,

:(§i+aj+2$k)x(i+/‘1\j+ﬁk)=0

~ ~

i j ok
=2 6 27/ =0i+07+0k
1 A u

= 1(6;1 27,1) J(2u- 27)+k(2,1 6)= 0i-+0 + 0k
On comparing the corresponding components, we have:

6u—274=0
2u-27=0
2L-6=0

Now,
2L-6=0=>1=3

27
2;1~27=0=>,u=7 0 .\O
O &
Question 6: (&6 Q

Given that @b =0 and axb—0. What can you conclude about « “and b7 6\.

. & ¢
Solution:
When ab=0 ‘\\\O ®®
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Either H: 0 or HZO

Oralb @HJioamﬂq¢°)

When axb =0

EitherH= 0 or H: 0

orallb (if Hio and ’b_[io)

Since, a and b cannot be perpendicular and parallel simultaneously.
So, a’=0 or b’=0.

Question 7:

Let the vectors @b,c given as &i+a,j+ask bith j+bk c¢i+c,j+ck Then show that

ax(b+¢:_j=a><b+a><c

Solution:
We have
a=a i+a;f+a;k
b=bf+£j+5k
c= I+C2j Fiy k
Then,
(b+c_]=(b] +¢)i+(by+c,) j+(by+¢)k
Now,

;X(;+;j ; ‘:2 i =f'f[a2(b3+c3) L(by +6,) - j[a, (b, +¢)-a, (b H])JL @
" Ny

b+c, b+c, b+c| \ +k[a1 (by+6)=a, (b +¢)]

ri[azb_n‘ +a,c,—ah, —ac,] -l:j[ —ab, —ac, +ap, +@ Q&(b

L + klab, +ac,—ab, - azc%
Also, @\\\\ @
,QQ
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a9
s [P k
axb=\|a, a, a,
b b, b,

2

=ilab, —ab, |+ j[ab - ab, |+ k[ab, —ah ]

~

Zilaye, —ae, |+ j[ac, - ac, |+ k[ae, —ax ]

Therefore,
- j - _j i[ayb, —ab, ]+ j[ash, — ab,]+ k[ab, —ah ] ]
(axb +(a><c =| . - ~
+f[a2c3 —ayc, ] +j [a3c] -ac, ] +k [0202 - azc,]
_ i[a2b3 +ac, —ab, —ac, ] + j[—a,b3 —ac,+ab +ayc, ]
+k [alb2 +acy—a,b - azcl]
Thus,

—_— — —_— — —y —

ax(b+;j=axb+axc

Hence proved.

Question 8:

If either a=0 or =0, then axbh=0. Is the converse true? Justify your answer with an
example.

Solution:

=7 A ~

Let a=2i+3j+4k and b=4i+6; +8k

Therefore, @

i
- -
2

axb
4

i(24-24)- j(16-16)+k(12-12)
-0 &
Now, . Q QQ
T L' 2
H: 22 +37+4 =29 \\ <

k
4 <
8

[= NS T

s
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= |
LIONST'?
Thus,
az0
Also,
o= Va +6 8 =JiT6
Thus,

b':t 0

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

Question 9:
Find the area of triangle with vertices 4 (11,2) B(2,3,5) anq C(L.5.5),
Solution:

Vertices of the triangle are A(1,1,2) B(2.3.5) apg C(1.5.5)

Hence,
UB=(2-1)i+(3-1)j+(5-2k
Zi+2j+3k
=(1-2)i+(5-3)j+(5-5)k
=Zi+2j
Therefore,
ar(AABC)fl|%x%T
Area of the triangle 2
Now,

~ ~

I 8 ||
Zi(~6)- j(3)+k(2+2) )
i3y ®€>° (}\O

|Eli[§:< %@T: J(-6) +(-3) + 4 S

| A%
~36+9+16 {
_ e o o

refore O
Therefore, .\\\ ®®

o~
=

1
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9 |
(AABC)—%\/_
_ el
T2

Question 10:
Find the area of the parallelogram whose adjacent sides are determined by the vector

=7 A ~

—I—j+3k and b 21—7}+k

Solution:

=7 A ~

We have a—I—j+3k andb 2! ?j—l:\k

Hence,
R L Jok
axb=[1 -1 3
2 -7 1

=i(-1+21)= j(1-6)+k(-7+2)
—20i+5/— 5k
_)
|a><bT: 207 +5% 4 5°
=400+ 25+25
=152

Thus, the area of parallelogram is 152 square units.

Question 11:

b
o Loz
Let the vectors @ and / be such that l;l_ 3 and | 3 ,then axb is aunit vector, if the angle

between a‘ and b' is
(9

(A) 6 (B) 4 (©)

@
O
\3
Solution: % 6&(0
2 -
We have l;l:3, H:TZ and lax';l:l \(& %.Q
Therefore %
’ N\ QQ

T
3

(D) 2
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- “;ﬂb sin&‘ 1

:>3><Tz><sin9 =1

=sinf = =
2
—=0="
4
Question 12:
A s ‘ln : ~
. . . . —i+—j+4k
Area of the rectangle having vertices A, B, C and D with position vectors 2 ,
des jadk dol ek el etk o
2 , 2 and 2 , respectively is
1
(A) 2 (B)! (©) 2 (D) 4

Solution:
) A(ii+rj+;ik] B[i+rj+;lk] C[i—r;'+21k] D(ii—err;-ikJ
We have vertices 2 , 2 4 2 and 2 )

Therefore,

2
Now,
B IR i j k
ABxBC=12 0 0
0 -1 0
=k(-2) Q
=2k GQ :\30
|45 < %@T =\(=2) %) (bo
=2 &"O Q&
So, area of the rectangle is 2 i 6\(0 %’
R gle 1S 2 square units.
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MISCELLANEOUS EXERCISE

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

Solution:
Unit vector is # =cos0i+sin€j where 0 is angle with positive x-axis.
Therefore,

—

r=cos 3091' +sin 303_;'

2 2

Question 2:

Find the scalar components and magnitude of the vector joining the points (x.2.2) and

Q(xzvyzazz) )
Solution:

We have P(xi’yl‘zl) and Q(xz’yzszz)

Therefore,
PO=(x,-x)i+(3-3)j+(z -z )k
B = Je-x) +0n ) + (5 -a)

Hence, the scalar components of the vector is {(x2 —x)+(n-n)+(z -3 )} and magnitude of

the vector is \/(xz % )2 +(r - )2 +(z,-7 )2 .

Question 3:

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

Solution:
Let O and B be the initial and final positions of the girl, respectively.
Then, the girl’s position can be shown by the below diagram:

mm Wondershare
PDFelement
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‘N
i B
3ﬁ«$
W A 6T E
- A 4 km O >
v
We have:
wr A
OA=—-4i
AB=i %Tcos 60°+ j Et:grsin 60°
=i3xl+j3x£
2 2
3. 33>,
==i+——
2 2

By the triangle law of addition for vector,

OB = 0d + AB
- (—21‘)+(%i+¥‘j]

=[—4+3]i+%j
2 2

-5 33 60 &\O

. . C .. . Lot/
Hence, the girl’s displacement from her initial point of departure is 2 3 4. @

Question 4: %

If a’= b'+ c', then is it true that H: HﬁL H‘7 Justify your answer. . OQ @
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o |

LIONS

olution:
In AABC

CB=a,Ca=b and HH=¢

By triangle law of addition for vectors
a'z b;L c.

By triangle inequality law of lengths
T

Hence, it is not true that ‘CJ: HJF |CT

Question 5:
(i+j+k)

1S a unit vector.

Find the value of x for which ~

Solution:

We have a unit vector xIl +J +k)

Therefore,
= ‘x(i " i -: k)
=Vl +x7+x7 =1 0 ‘\O
=37 =1 @6

= Bx=
3 11 \(&6 Q

=1
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uestion 6:

=7 A

Find 2 vector of magnitude 5 units, and parallel to the resultant of the vectors a =2i +3J "k

and b=£—2j+k_

Solution:

We have a:§i+3j:k and bIAI—ij-:k

Hence,

c’:af-l-b'
=(2+1)i+(3-2) j+(-1+1)k
=3it )
-
=49+1
=10

Therefore,
o (3i+))

.CzH: e

So, a vector of magnitude 5 and parallel to the resultant of a and bis

i(c) =i5(%(5i -:j)J

W10, V100

+— +—]

Question 7:

=7 A ~ ~

If a—£+} 1k, b= 2i-}+3k and C—I—Zj+k find a unit vector parallel to the vector
2a—b+30.

Solution: o ) GQ c;\\C)

We have a—1+j+k b 2I—j+3k andC—!—szfk @

Therefore, \(&6 Q
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i A 2(:‘ijﬁk)—(if—“;+§k]+3(f—2}$k)
=2i+2j+2k—2i+ j—3k+3i-6j+3k
=3i-3j+2k

- - -

|2a—b+3;[=1/32 +(-3) +2°
=9+9+4
/3

So, the required unit vector is

- 7 7

2a—-b+3c _3i-3j+2k
|2a—b+3c.‘ V22
3~ 3~ 2~

- + k
N RN N

Question 8:

Show that the points A(1,-2,-8),B(5,0,-2) 4pnd C(113.7) are collinear and find the ratio in
which B divides AC.

Solution:

We have points 4(1:=2:-8),8(5.0,-2) 4q C(11,3.7)

Therefore,
AB=(5-1)i +(0+2) j +(-2+8)k =4i+2 + 6k
BC =(11-5)i+(3-0)j+(7+2)k =6i +3+%
= (11=-1)i+(3+2) j+(7+8)k =10i+5,/+15k
I - V726 = 1674736 =56 = 24T
B =6+ 7 9 = 3679781 =136 =314

T i 5315 — V007254235 - 350 — 514 O . O®

Now, @
4B+ [BC = 213 + 3412 %)
il & Q

=5J14 %
-Je] ) &
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ILLIONST?

1*18, the points are collinear.

Let B divides AC in the ratio A:1

Therefore,

B 20¢+01

(A+1)
L3 S l(]hlz'+§j+§k)+(i—§j—§k)

A+1
:»(;L+1)(3z'—§k)=1 1Ai+34/+TAk+i-2j-8k
=5(A+1)i-2(A+1)k=(11A+1)i+(32-2) j +(74-8)k

On equating the corresponding components, we get

= 5(A+1)=(112+1)
= 5A+5=11A+1
= 6L =4

2

= A=—
3

Thus, the ratio is 2:3.

Question 9:
Find the position vector of a point R which divides the line joining two points P and Q whose

position vectors are (2a+!:j and (a—31:j externally in the ratio 1:2. Also show that P is
midpoint of the line segment RQ.

Solution:

—

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:

B 2(2a+gj—(a—2f:j
OR =
2-1
e I
_4a+2b—-a-3b
|
=3a+5b
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Hence, the position vector of R is 3a+5b

LT LT
Ro - 00+OR
Thus, the position vector of midpoint of 2
%51 o (a —3Ej+(3a+sgj
2 L 2
=2a+b
Ilig
=O0P

Thus, P is the midpoint of line segment RQ.

Question 10:

The two adjacent sides of a parallelogram are 2i—4/+5k and i—2/ -3k Find the unit vector
parallel to its diagonal. Also, find its area.

Solution:
Diagonal of a parallelogram is a+b

” ~ ”~

a+b=(2+1)i+(=4-2j+(5-3)k
=3i-6j+2k

So, the unit vector parallel to the diagonal is

;+ET_ §f—8j+5k
3i-6j+2k
- Jo+36+4
3i-6j+2k

7

BICREN 2

Area of the parallelogram is ’a +lq @

Now, %
XN
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i j ok
- =
axb=[2 -4 5
| 2 3
Zi(12410) = j(-6-5)+ k(-4 +4)
=2i+11j
=11(§i-*:j)

-
|a+bT:11\/22+12:11\/§

So, area of parallelogram is 11V5 square units.

Question 11:
Show that the direction cosines of a vector equally inclined to the axis OX, OY and OZ are

1 1 1
£ — : M ol YT
[\6 V33 ]
Solution:
Let a vector be equally inclined to OX, OY and OZ at an angle «

So, the DCs of the vectors are cosa ,cosa and cosc .

Therefore,
2 2 2
cos“a+cos  or+cos =1

= 3cos’a =1

) 1
=cos a=—
3

= CoSu =+—l—
)

{L L
Thus, the DCs of the vector are V3'\3'\3),

O
Ques_t’ion 12: 60 (”}\

=7 A ~

Let a=i+4j+2k b=3i-2j+7k and ¢=2i- j+4k . Find a vector d which is {gen i Q@
to both a and &, and ed =15. (b
\

Solution: Q &Q
et T=dird o ik NS
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Since, d is perpendicular to both a and b‘, we have

da=0

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

db=0

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

Also, it is given that

ed 15

=2d,-d, +4d, =15 ~13)

On solving equations (1):(2) and (3) , we get

4100, 5,10
3 3 - 3
Therefore,
[
d =@I-_§J_Bk
3 3 3

:%(1665&;-?&&)

Question 13:

The scalar product of the vector i+ j+k with a unit vector along the sum of vectors 2i +4j —5k

and Ai+2j+3k is equal to one. Find the value of 4.

Solution:

(2i+47-5k)+(Ai+2/+3k)=(2+2)i+6/ -2k
e e . O o
Therefore, unit vector along (21‘+4j —5k)+(&f+2j +3k) is 6 \

(2+2)i+6j-2k  (2+A)i+6j-2k _ (2+2)i+6j-2% (':) Q{b

(2+2) +62+(<2) VA+d4a+aP+36+4 a2 +dr+a4_xC
*f S
‘O \Q
N
N\

©

Scalar product of i+ j+k with this unit vector is 1.

0\ @
S

N
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2 = o (2+A)i+67—2k
:>(i+j+k).[(\&2)+4ii44 ]:I

(2+2)+6-2

—
AP +44+44

= VAT +41+44=1+6
= A +4A+44=(A+6)
= A +4A+44=1"+121+36
=81=8
=>A=1

|

Question 14:

If a,b,c are mutually perpendicular vectors of equal magnitudes, show that the vector a +b+c

is inclined to a.b,c.

Solution:
Since, @.b.¢ are mutually perpendicular vectors of equal magnitudes
Therefore,

ab=bc=ca=0
7-A-H

Let a+b+c be inclined to @.b.¢ at angles 6:6,,0; respectively.
R O 9y

(a+b+c 4 ga+ba+ca a ‘a

cosf, = ‘ == -

And

a+b+c a[ |a+b+c

A T e
(a+b+c)b ohsbbrc

a+b+cla - a+b+c a[
.?z o
a+b+c b[ a'+b'+c b[ |a+b+c

"5’ T S G SN
(a+ +c)e ac+bc+

ity
cosf, = -——> > = AR .
c[ a+b+c c{ |a+b+ca’ ‘a+b+c GQ . O

Since H= ‘E:[= H,cost‘?[ =co0s0, =cosb, (&% Q
X\
Thus, ¢, =6, =6, %
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uestion 15:
- - . )
Prove that (“ * 1:5 '(a * 1;3 o H’ * |‘;r ifand only if @ and b are perpendicular, given @ #0,b# 0,

Solution:

(a8} (a5} =+
— o o
:a.a+a.b+b.a+bb=‘;r +‘!;r
——
s ool B
——
= 2ab=0
——
=ab=0

Thus, a and b are perpendicular.

Question 16:
If 6 is the angle between two vectors a and b, then a.b >0 only when

T T
0<0 <= 0<o<=—
A 2 (B) 2

(C)0<0<x (D) 0<O=<n

Solution:

—

ab=0
:>|;“b cosf >0

= cosf =0 [ ‘c:l’z(land HZO]

=0<0<

SER

T
7 0<f<—
Hence ab=0 if 2

Thus, the correct option is B. @
a§> N
Question 17

Let a and b be two unit vectors and @ is the right angle between them. Thel}g& Qumt
vector

_z T o™
2

(A 4 B) 3 ©) (D)

%
,QQ\

’/é
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olution:

We have @ and b , two unit vectors and 8 is the angle between them.

3-i-
Now, a+b is a unit vector if |a +J: 1

Therefore,
ﬁ(;+b—j.(;’+f:j=l
—_ o o =
=aa+ab+ba+bb=1
_)._)
:‘;F+2a.b+‘gr=l
:12+2|;nf;(cose+1z=1

= 1+2(1)(1)cosf +1=1

Then,

= cos0 =—l
2

:>9:2_ar
2

21

T . o0
Hence, a+5 is a unit vector if 2

Thus, the correct option is D.

Question 18:

The value ofli‘Ij ;k)ij"(f;k):k(i;j) is
(A) 0 (B) -1 (O (D) 3

Solution:
':.(jQk)ﬁj.(f?k)ﬁk(&;)Q?.ffj.(ij)ﬁfﬁk

=1-1+1 @
Thus, the correct option is C.

Q@
Question 19: 6\‘(0
If O is the angle between any two vectors a “and b then _’T axgj‘ '@g 9,2§equal to
\

@
,QQ
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L IONS

(A) 0 (B) 4

Solution:

Let O be the angle between two vectors a and b.

mm Wondershare

Remove Watermark g PDFelement

(D) n

Then, without loss of generality, a and b are non-zero vectors, so that |;[ and |bT are positive.

Now,

-
- |;Hb cosO = |Eﬂb sin@

= cosf =sinf

=tanf =1
—0="
4

So, |Z!;[=|;x3:[ when 0 =%

Thus, the correct option is B.
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