Chapter 2. Mathematical Methods

EXERCISES [PAGE 29

Exercises | Q 1. (i) | Page 29
Choosethe correct option.

The resultantof two forces 10 N and 15 N acting along +x and - x-axes respectively, is
1. 25 N along + x-axis
2. 25N along - x-axis
3. 5N along + x-axis
4. 5N along - x-axis

SOLUTION

5 N along - x-axis

Exercises | Q 1. (ii) | Page 29

Choosethe correct option.

For two vectors to be equal, they should have the
1. same magnitude
2. same direction

3. same magnitude and direction
4. same magnitude but opposite direction

SOLUTION
same magnitude and direction
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Choosethe correct option.
The magnitude of scalar product of two unitvectors perpendicularto each otheris
1. zero
2. 1
3. -1
4. 2
SOLUTION
zero
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Choosethe correct option.



The magnitude of the vector product of two unitvectors making an angle of 60qg with
each otheris

1
2
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Chonse the carrect option.

If 131 B and O are three vectors, then which of the following is not correct?
—> —> — =
(B + C) B+A-C

e —
A - A

e " —:>

AxB=B >

— — = e e
AX(BXC) AxB+BxC
SOLUTION

e e S
AxB=B=x A
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Answer the following question.

-~ -~

Show that E? == is a unit vector.

V2



Let &4 be unit vector of s E}.

_:>
. a
A=
_}
|
2 2
1 —1
_}
Now, a‘= az + ?=\/(—) (—) =1
v V2 V2
_:..
- a — . . .
A= T = a itself is a unit vector.
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Answer the following question.

If ?}1 =31+ 4j +k and Tr}g -1 j — k, determine the magnitude of ?1 + Tr}g.

SOLUTION

V4 Vo= (3i+4j+l?;)+ (E—J —1;)
—3i+i+4]-j+k—k

— 47 + 33

.. Magnitude of (?}1 + Tr}g),,

‘?}1 + ?’g‘ — /42 + 32 — /25 = 5 units

Magnitude of ?1 + ?}g is 5 units.
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Answer the following question.
For ?1 =2i— 33 and ?2 = —61+ 53, determine the magnitude and direction of ?1 + ?2.



SOLUTION
V14 Vo= (21 _ 33) + (—ﬁi + ﬁj)

_ (25 . ﬁj) + (—3'1‘ + 53‘)

= —4i + 2j

V14 Vo = /(-4 +2 = V20 = Vax5=2V5

Y . .
Comparing ?1 - ;}2 with R = Rxi + Ryj

_}
Taking 6 to be angle made by R R with X — axis,

R 2
9= =1 _ -1 =
tan (Rx) tan (_4)

1
— tan ! (_E) with X-axis
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Answer the following question.

Find a vector which is parallel to ¥=i- 2] and has a magnitude 10.
SOLUTION

When two vectors are parallel, one vector is scalar multiple of another,
e, if v and w are parallel then, w = n v where, n is scalar.

, — Y N
This means, w = nvyi + nvy]

=ni —2nj ..(.ve=1[Lvy=2)

‘E: = \/(n)g + (—2n)° = V5n




Given: ‘ﬁ‘ =:11)

w — 2v5i — 2(2v"5)j
— 2v/51 — 4v/5]

mvc it M N e 1l o
V5 V5
_} ]_Ud_" 2{] ~
g V5
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Answer the following question.

5.
Show that vectors a = 2i + 5j — 6k and b — 1+ E'] — 3k are parallel.

SOLUTION

Let the angle between the two vectors be 6.

b

scos B =

b

(21‘+5j—ﬁi&)-( + J—3k)
\/22+ 2 4 (—6)* \/12 5)? 4+ (—3)

2+ 2 +18

x 4/ 65/4
65/2
65/2




=0=cos (1)=0°
= Two vectors are parallel.

Alternate method:

o P - -~ 5.‘-. A _:"
?=2i+5j—ﬁk=2(i+5j—3k)=2b

L= : Y
Since a is a scalar multiple of b, the vectors are parallel.
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Solve the following problem.

— - - — - -
Determine a X b, given a = 2i +3j and b = 3i + 5j.

SOLUTION

Using determinant for vectors in two dimensions,

IO R A
axb=lay a|=|2 3
by by| |3 5

=[2x5)—(3x3)k=(10-9k=k

_:g. _'l:h . ~
a %X b givesk
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Solve the following problem.

R . .= . . . R . .
Show that vectors a = 21 + 3j+6k, b =31 —6j+ 2k and < =6i+ 2j — 3k are mutually perpendicular.



—}
As dot product of two perpendicular vectors is zero. Taking dot product of @ and b
= . A . A - .
a-b = (zi+3j +ﬁk) : (3i —6j+2k)
_ (25+3§) + (33 x _63) + (ﬁl}xzfc) (J :j.ﬁzﬁ.izn)
—6-18+12 .. (-.-i-jzj-l“;:k-i =1)

=0

!

Combining two results, we can say that given three vectors ?, b and ¢ are mutually perpendicular to each other.
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Solve the following problem.

Determine the vector product of TT}] =21+ Ej —k and ?2 =1+ Zj — 3k

SOLUTION
- = o]k
AsAxB=|A, A, A,
B, B, B,
Using determinant to find vector product,
. i j k
_}
L V1X Voa=1|2 3 -1
1 2 -3

=[-9+2]i+

=[3x—-3)—(—1x2)]i+[(-1x1)—(2x-3)]j+[(2x2)—(3x1)k
[—1+6]j +[4— 3]k

=71 +5]+k
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Solve the following problem.

Given ?1 — 51 +2j and ?g — ai — 6] are perpendicular to each other, determine the value of a.
SOLUTION

— — . .
As v 1 and Vs are perpendicular to each other, @ = 90

- =
Vi-Vo=10

.:@i+aﬂ-(ﬂ—4ﬁ)=o
(5i.ai)+(zj.sj)=m ....(-.-i-j‘:j-"i:ﬂ)

-~ 5a+(-12) = 0 "(vi-i=j-j=1)

~ha=12
12
Ve g = —
5
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Solve the following problem.

Obtain a derivative of the following function: x sin x

dfs(x) N df (x)

= fa(x)

d
Using, E[fl (x) x fa(x)] = f1(x)
For f1(x) = x and f5(x) = sin x

d _ ~ _d(sinx) = d(x)
E(X sin x) = x T +

sin x

=xcosx+ 1 =xsinx

= s5iNn X + X COS X
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Solve the following problem.
Obtain derivative of the following function: x* + cos x

df; (x) N dfa(x)
dx

Using %[fl (x) + fa(x)] =

For f1(x) = x* and f5(x) = cos x

d , , B d(x*)  d(cosx)
E(:{ —I—cns:{)— I + I

= 4% - sinx
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Solve the following problem.

Obtain derivative of the following function:

Using d [fl(x)] 1 dfi(x) B f1(x) dfa(x)
dx fg(){)

For f4(x) = x and f5(x) = sin x

sin X

B fa(x) dx fg[x] dx

-::1( X ): 1 xd(x)_ X xd(sin}c:}

dx \sin x sin x dx sin? x dx
1 X d |
= — x1———— xcosx ... |"” ——(sinx) = cos x
sin x sin“x dx
1 X COS X

sin X 5'1]12 X
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Solve the following problem.

d
Using the rule for differentiation for quotient of two functions, prove that — (

Usin i[fl(x)] _ 1 df(®) A ()
a. dx fg(x) fg(}:} dx fg(){) dx

For f;(x) = sin x and f5(x) = cos x

Pt

d (Eiﬂ}{) 1 d(sinx) sinx y d(cos x)

dx \ cosx Cos X dx cos? x dx
1 sin x .
= X cos X — —— X (—sinx)
COS X COs* X
sin? x cos?x + sin? x
COS“ X Ccos“ X
d sin X 1
o — = [sinﬂx—l—cosgx = 1]
dx \ cosx cos? x

2 1
=sec®x .. = secX
COS X
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Solve the following problem.

ko s

Evaluate the following integral. [ sin x dx

1]

sin X

COos X

)

= SECQ X



b
Using f f(x) dx = F(x)|2

3
/ sinx dx = - cos x E’fg: —[ﬂos(g) —EDSU}
0

Since, cns(g) =0 and cos0 =1

fﬂ sinxdx=-(0-1)=1
0
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Solve the following problem.

5
Evaluate the following integral. / % dx
1

SOLUTION

]
Using, [ f(x) dx = F(x)|

5 2
X

f xdx = —
1 2

5
1

2 12
T2 2
25 — 1
2
24
T2



