Chapter-10 Vector Algebra

Miscellaneous

Question 1:

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

Answer :

If 7 is a unit vector in the XY-plane, then © = €080i +sindj.

Here, 0 is the angle made by the unit vector with the positive direction of the x-axis.

Therefore, for 0 = 30°:

F=cos30% +sin30°] =

Question 2:

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

P{'TI‘ Y %) and Q{.:‘:. Yas Z5)

The vector joining the points can be obtained by,

ﬁ = Position vector of Q) — Position vector of P
=(x, _xljf*'(ﬂ’: _.Vl)-;+{z: _zl}'{E

PQ = "I.IIII{-"": _xl]l +( —y,]] +(z,-2)

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

respectively (% =%).0 = 0).(2:-2)} and ‘""If{ 2Th ]2 #0229 }: +z -2 J :
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Question 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.

Answer :
Let O and B be the initial and final positions of the girl respectively.
Then, the girl’s position can be shown as:

‘\J

i B
.;r?‘““E\_J**
‘;Ju.-* A 0P .E

Now, we have:

OA = —4i
AB =/ |AB|cos 60°+ }|AB|sin 60°
P x-'l'i
=13x—+ jIx—
2 2
3. 33,
= —] .-'r
2 2

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

Question 4:

I£@=b+¢ thenis it true that 4= |b| el Justif
’ _ y your answer.

B el C
]
Now, by the triangle law of vector addition, we have @ =0 +¢

a

*

.ﬁ| and |c:|

It is clearly known that represent the sides of AABC.

Also, it is known that the sum of the lengths of any two sides of a triangle is greater than the
third side.
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.'.|fi| f:||'5.|+|c:|

. a| =|b|+ e

Hence, it is not true that .
Question 5:

. o ox(iejek)
Find the value of x for which 1S a unit vector.
Answer :
xli+i+k). . | ;+j-+;;"=]

[- J ) 1s a unit vector if { ) .
Now,

‘1{;+}+§) =1

= +x +x =1

—
=4/ 3x" =1

:J\EI:|

|
== i=t—

V3

|
+ —
Hence, the required value of x is V3 .

Question 6:

Find a vector of magnitude 5 units, and parallel to the resultant of the vectors
G=20+3j—kandb=i-2j+k

Answer :

We have,

G=2i+3j—-kandb=i-2j+k
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Let € be the resultant of @ and b .

E=d+b=(2+1)i+(3-2)j+(-1+1)k=3i + ]

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

3\"'1_{117 \l'rl_li} -

tS-Eziﬁ-ﬁ(Jh}):i

Question 7:

gd=i+j+k. b=2-j+3kandc=i-
26-b+3¢

2j+k , find a unit vector parallel to the vector

Answer :

We have,

&=f+}+£, 5=2f—j’+3§ andE=f—2}+f

2i—b+36 = 2(;'“+}+§)—(2E—}+3£]+3(f—2j+£]
=2i+27+2k-2i+-3k+3i-6j+3k
=3i-3j+2k

2 -5 +3¢|= 3" +(-3) +2° =O+9+4 =22

Hence, the unit vector along 2d ~b+3¢ is

2i-b+3¢ 3-3j+2% 3 . 3 . 2 -

: = = - j+ k.
|2.fs—ea+3.::| J22 J2 2t
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Question 7:

gd=i+j+k. b=2-j+3kandé=i-
26-b+3¢

2j+k , find a unit vector parallel to the vector

Answer :

We have,

d=i+j+k. 5=2f—j+3§ andE:fT—2}+f

2i—b+3¢ 2(_f+_}—E)—(zf—_}+3é]+3(f—2}+:}]
=2i+27+2k-2i+]-3k+3i-6j+3k
=3 -3j+2k

|2c.=—ﬁ+3c’ =¥ +(=3)Y +2° =\V0+9+4=y22

Hence, the unit vector along 24 —b +3¢ jg

-

2i-bh+3¢  3-3j+2%k 3 ;

. 3 . 2
= = =—i- it
|2.f5 -b +3.:-'| J22 J2 2t

Question 9:

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

(26 +5 )and(a - 35 )

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 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) 4a+25-a+3b
2-1 |

OR = =3d+5b
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Therefore, the position vector of point R is 3 +5b

0Q+O0R
Position vector of the mid-point of RQ = 2

E—3h)+(35+55]
2

——

+h

]
RS

I
o

P

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

Question 10:
The two adjacent sides of a parallelogram are 20=4j+35k gnq =273k

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

Answer :

Adjacent sides of a parallelogram are given as: a=20—4j+5k ynq b =1-27-3k
Then, the diagonal of a parallelogram is given by @ +b .

d+b=(2+1)i +(-4-2)j+(5-3)k=31-6j+2k

Thus, the unit vector parallel to the diagonal is

a+h _ 3 — '[-’.} + 2k - 3i - ﬁj’ 2k B 3i - {]j 2k B 3! 6 ; Zlﬁf
|’-’7+E| \'.'Ilf +|‘k—f:].lE L2t N9+36+4 7 7 77 7
_ |ci><f‘;;|

. Area of parallelogram ABCD
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i ]k
axh=2 -4 5
1 2 -3

F(12410)— (-6 -5)+k(-4+4)
=22i +11]
=11(2i + j)

.-_|;.-;><f£| IIW22+12 =115

Hence, the area of the parallelogram is V5 square units

Question 11:

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

Answer :
Let a vector be equally inclined to axes OX, OY, and OZ at angle .

Then, the direction cosines of the vector are cos a, cos a, and cos a.

Now,
cos” @ +cos @ +cos g =1

= Jcos’ @ =1

1
—>COSa = —=
V3

Hence, the direction cosines of the vector which are equally inclined to the axes are
| 1 1

Question 12:
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Let . . . . . . _. _-and- _. . ..Findavector _ which is perpendicular
a=-+d4j- 2k, I-= J+ Tk c=2i— j+4k d
to botn @ ana P , ana cd=15"

Answer :

Letd=di+d,j+dk

Since d is perpendicular to both @ and b , we have:

d-da=0

—d +4d,+2d,=0 (1)
And,

d-b=0

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

Also, it is given that:

é-d=15
= 2d ~d, +4d, =15 ..(iii)

On solving (1), (ii), and (iii), we get:

=280 4 -2 anda,=-22

3 - 3 ’
L 160 5. T0O~ Ly s o
nd=2F 2 2 (160i =57 70k
“=5T3TS 3( i-5j~70f)

l[l 60i -5 - ?mE)
Hence, the required vector is 3 .
Question 12:

Let @=1+4j+2k, b=31=2/+Tk ypq ¢ =2 = j+4k Find avector d which is perpendicular
to both @ and P , and cd =15

Answer :
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Letd=di+d,j+dk

Since d is perpendicular to both @ and b , we have:

d-d=0

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

d-b=0

=3d,-2d,+7d,=0 (1)

Also, it is given that:

é-d=15
= 2d, —d, +4d, =15 (iiD)

On solving (1), (ii), and (iii), we get:

4=190 4 -3 4nda =10

3 3 ' 3
L 1605 S T0~ lp .+ n o=
nd=—27 25 i (160i -5 70k
“T3T3 Ty 3( i=5]-10k)

by, - - -
-[l 60i -5 - ‘mk]
Hence, the required vector is 3 .

Question 14:

If @0 are mutually perpendicular vectors of equal magnitudes, show that the vector @+b+¢

is equally inclined to b and E

Answer :

b, and

Since ¢ ¢ are mutually perpendicular vectors, we have

g-h=b.c=c¢-a=0.

It is given that:
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al=[6|=e]

&, 8, and &

Let vector a+b+¢ be inclined to ab, and @ at angles * respectively.
Then, we have:
o \@+648)d aasbaria
|a+b+dlal  |avb+dlla
_ |‘:'F|2 PO O
_|d+{}'+¢'-||.;.i| [b a=c a—ﬂ]
_ld
|E+E+q
et (a+6+2)b Ghab-Frch
i |ﬂ+b+c| | G+h+¢- |
“Tarb+a | L5 =e:b =]
d
:|f.r+|’;-+c|
(G+5+E)é z.24b.345.C
cosfd, = =
d+b+élle|  |a+h el
__ e
a+b i [a-¢=b-c=0]
_ e
la+5+]
Now, as |d|=|"-“.| =|'f:|’ cos 6 =cost, =cost, .
o8 =6,=0,
Hence, the vector (d +6+¢ ) is equally inclined to ab,andc
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Question 15:

(a+B).(a+b) :|a" + 5|:

Prove that ,if and only if “- b are perpendicular, given ¢ 0,b#0
Answer :

[&+}5),(c§r+!§) =|r_':'h +1b|

& d-d+d-b+b-d+h-b=a +[b [ Distributivity of scalar products over addition]

-

= .:.i|2 +2d-b+ J'J| — dr + |FJ [d-b- =b-d {Scalm product 15 cummutative]]

& 2i-b=0
edbh=0
-.d and b are perpendicular. [di 0, b =0 I[Given]]

Question 16:

If 4 is the angle between two vectors a and b , then ab=0 only when

4

0<8<’ p<B<
(A) 2 (B)

ra| A

(C) D<b<mp) O=b=mn
Answer :
Let 6 be the angle between two vectors a and b .

. - ot dl and |b | are positive
Then, without loss of generality, @ and ¥ are non-zero vectors so that 4 - .

) f5~F:I-=|.|:.'r| 5|m}55
It is known that .
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na-b=0

= |alb|cos0 20

— cos =0 [|ﬁ| and |.E;| are pr:rsitive]
—0<0<t
2
. <<’
Hence, @02 0when 2,

The correct answer is B.

Question 17:
Let @and  be two unit vectors and@ is the angle between them. Then @+ ¥ is a unit vector if

H=

B [
(A)  4(B) 3

a=" p=="
(C) 2 4

Answer :

Let @and  be two unit vectors andd be the angle between them.
al=[p|=1

Then, .

=~ . ) la+bl=1
Now, a+big a unit vector if .
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E+Er|:l

*

::-(EHEJ =]
::»(EHEJ.(EHE}: |
= aga+ab+ba+bb=1

=a| +25-.E+|5|: =1

=1°+2 &Hﬁ‘msﬂﬂz =1
=1+2.1.1cosB+1=1

:;-cosﬂz—l
5

"
v

:>B=T
3

="

Hence, @+ is a unit vector if 3.

The correct answer is D.

Question 18:

The value of r[;xk)+j(ka)+k{:x;]ls

(A) 0 (B) -1 (C) 1 (D)3
Answer :
f(}xk)+;(;xk}+k[:xf}
=i-i+j (=) +k-k
=1-7-j+1

=1-1+1
=]

The correct answer is C.
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Question 19:

E.E|:E:><E

If @ is the angle between any two vectors @ and # | then when Oisequal to

T |8

(A)0(B) 4(C) 2(D)n
Answer :
Let 4 be the angle between two vectors a and b )

. . P I d| and |b | are positive
Then, without loss of generality, @ and ? are non-zero vectors, so that | | = .

ﬁ-.!:|=|a><b|

= 5|c05[}:|&||5|5in{]

= cos0 =sin@ [|E| and |§| are pﬂsitivc]
= tanf =1
—f="
R - - T
ab|=|axh . -
when isequal to 4.

Hence,

The correct answer is B.
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