2. Mathematical Methods

1. Choose the correct option.

i) The resultant of two forces 10 N and 15 N acting along +x and -x-axes
respectively, is

(A) 25 N along + x-axis
(B) 25 N along - x-axis
(C) 5 N along + x-axis
(D) 5 N along - x-axis

ii) For two vectors to be equal, they should have the

(A) same magnitude

(B) same direction

(C) same magnitude and direction

(D) same magnitude but opposite direction

iii) The magnitude of scalar product of two unit vectors perpendicular to each
other is

(A) zero
(B)1
(©) -1
(D) 2

iv) The magnitude of vector product of two unit vectors making an angle of 60°
with each other is

(A) 1
(B) 2
(©) 3/2

D)/3/2

wv) If H, E andEarE three vectors,

then which of the following is not correct?
(A)A.(B+C)=A.B+ A.C

(B)A.B=B.4

(C)AxB=BxA
(D)Ax(B+C)=AxB+BxC

2. Answer the following questions.
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i) Show thata = “EI is a unit vector.
W

Ans.

ool () 4 (-2) - et
.\l \."E \."E ,\lz 2
Hence,.»; is a unit vector

i Ifvi=3i+4j+kandv.=i—j—k
Determine the magnitude of
Vit V.

[Ans: 5]
Ans: o .
01+ 0, =Bi+4j+k)+(1—j—k)
=(@B+1)i+@—1)j+1 -1k
—4i+3j
|?1+?2| = |4;+3i| =\ /(42+32 =5
is the required magnitude.

iii) For vy = 2i — 3j and v, = —6i + 5j,

Determine the magnitude and direction of
vV, + V.

1
Ans: ZJEEI =tan™?! (—E) withx — axis]

Ans:
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=014 02 = (21 — 3)) +( — 6i +5))
=2 —6)i+(—3+5)j
= —4f+2i=vx§+vyj

1D = /(—42+ Q) = /(16 +4)

=./20=2./5
tan6=21=i= —l=tan(180°—a)= —tanz
v, —4 2

. a=tan~! & =26°34"
2
. 6=180° — 26°34' = 153°26'
% ?1 +?;2 has a magnitude of 2,/5 and makes
an angle of tan ! <%) =153°26" with the

positive x-axis.
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iv) Find a vector which is parallel to
v=1i—2j
and has a magnitude 10.

Ans:

Let # be a vector of magnitude 10 and parallel
tov =i — 2]?.

= u

o=l 5), where the scalar multiple /'.=5.
v=171 =/ + 02 =/(12+(—2)*=/5

/'.=E=2\/§ as u=10

/5
w0 =25(01-2])=2,51-4/5]

is the required vector.




V) Show that vectors
a=2i+5j— 6kand

ol
Il

5 -
i+ Ei — 3k are parallel.
Ans.

Method 1:

-_ bl 5 - —3
a=2i+5—6k= 2(i+§j— 31{) =2b
Since q is a scalar multiple of El:

the vectors are parallel.

Method 2: ~
I j k
Exgzj g _2
= =
=(—15+15)i+ (-6 +8)]
+H5-5)k=0

Therefm‘e,_é and b are parallel.

3. Solve the following problems.

i) Determine a x _I;,
givena = 2i + 3j
b = 3i+ 5j.

Solution:

-

a=2{+3]b=3i+5

axb= (2i+3)) x (3i+5)

=2Ix 3 +2x5+3x31+3 x5
=0+ 10k—9%+0=k

ij) Show that vectors
a=2i+3j+6k

b = 3i — 6j+ 2k

andc = 6i + 2j — 3k

are mutually perpendicular.



Solution: o
Eata n—21+31+6k b=3i-6j+2k,
c=6i+ 2] -3k
a#0,0#0,c#0
a-b = ayby + ayby, + ab,
=2)B)+0) (=6)+(6) (2)
=6—-18+12=0
"bla
[-C =, + a,0, + ac,
=(2) (6) + (3) (2) +(6) (—3)
=124+6—-18=0
cla
B¢ =bc, +bye, + bic
=3 (©) +(~6) @ +@ (-3
=18-12-6=0
AN
It follows that a, b and ¢ are mutually

perpendicular.

111) Determme the vector product of
v, =2i+3j—
andv, =i+ Z] -3k,

Solution . \
Data : o, = 2i + 3] =1+ 2] 3k
i
nxvy=[(2 3 —1
1 2 -3

= {[3)(—3) - (- D)
+jl(— (1) — @)(—3)]
+k[2)2) — @B)(1)]
=i(—9+2)+j(—1+6) + k(@ —3)
= —7i+5] +k
iv) Given v, = 5i + 2j
and v, = ai — 6j
are perpendicular to each other, determine the value of a.



Solution:

Data;

vy = 51+ 2] perpendicular to
v, =ai — 6]

vi.v2 =5a+ (2)(—-6) =0

12
.'.Sa=12.'.a=?=2.4

v) Obtain derivatives of the following functions:
(i) xsinx

(i) x*+ cos x

(iii) x/sin x

Solution:

Q) d (x sinx) = (d sinx) . (dx)
1o sinx) ={—— sin x|\~

= xcosX +sinx

.od .
(ii) —(x* + cos) = 4x% — sin x
tix

(i) d( X )_ 1 dx 1 d(sin x)
MW dx\sinx) ~ sinx dx  sin?x —  dx
1 X COSX

sinx  sin®x

vi) Using the rule for differentiation for quotient of two functions, prove that

d /sinx -
— = seccx
dx\cos x

Solution:

i (sinx) 1 dsinx

dx \ros x rosx  dx
1 d.
— .sinx —(cosx)
COS<X dx
cosixy sintx sinx
rosx cosix rosZx
cosix+ sinx 1 i
= - = — = seciy
rosiy rosix

vii){ Evaluate the following integral:
’2

{:i]J‘ sinx dx
0
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l[:i:i}J‘ x dx.
1

Solution:

iy

T/
0

(i) j sinxdx=—cosx
0

A
=—cas§+cosﬂ=ﬂ+l=1

x5 (5)2 (1)? 25-1
211 2 2 2

5
(ii) j xdx=
1

12
2



