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More than 80 questions in the subject of “Engineering Analysis’

L In each of the following a periodic function f{(#) of
period 27 is specified over one period. In each case
sketch a graph of the function for —4mw =< r =< 4w and
obtain a Fourier series representation of the function.

R (—m < ¢t < 0)

(a) ,f'(r)z{
! (0 < r<<m)

() j.”):{r+n (—rk < t < 0)
0 (0 < ¢t << m)

(¢) f(r}zl—ft (0 < 1= 2m)

0 (—mt=r=—1n)
(d) f(1)=92cost (—3n=1t=<1in)
0 Gr=r=nm)

(©) fi)=cosit (MW<t<m)

() fOo=t] (x<i<m)

. 0] —n=tr==0
() f(1)= { ki )
2r—m (0 < r=s=Tm)
. —t+e (—m=3i<0
(h) ,f(r):{ e e .
t+ ¢ (0 = < 1)
2 Obtain the Fourier series expansion of the periodic

function f(7) of period 2w defined over the
period O = r =< 2m by

fD=(m—9> (0 =1t=2n)

Use the Fourier series to show that

n+1

12w (=1
1Zr = 2 2
n=1

¥



3

Show that the Fourier series representing the
periodic function f(¢), where

f‘(r}:{ n? (—m < r << Q)

' (z—-m)* (0 <t < T
S+ 2m) = f(1)

1S

fin =3+ |2 cos ne+ 1 qsin e
r=1 R

It

4~ sin(2n — 1)t
T Z (2n—-1)°

n=1

Lse this result to show that
n+1

-- | A - (—1) R B
(a) :E: ;— L_Ejt (b) :E: ___:E___ H—TETE
n=1 n=

i F

b

A periodic function f(7) of period 271 is defined
within the domain O = ¢ = 7 by

t (0=1r=1in)
f(f){ {

1
Tt =<t = T)

Sketch a graph of f(r) for -2t << r << 41 for the two

cases where

(a) f(¢) 1s an even function
(b) f{(#) is an odd function



A periodic function f(¢) of period 21 i1s defined
within the period 0 = r =< 21 by

f,(r):{zm (0 <17=m)
=3

t/TC (T =1 TT)

Draw a graph of the function for —4mw = 7 =< 4w
and obtain its Fourier series expansion.

A periodic function of period 10 is defined within
the period -5 < r << 5 by

: 0 -5 =<0
Ar) = { : )
3 (0= r<5)
Determine its Fourier series expansion and illustrate

graphically for —12 < r < 12.

Show that the half-range Fourier sine series
expansion of the function f(7) = 1, valid for
Q< < T, 18

e A ~o sin(2n— 1)t S
Ry= =X ~———= (0<r<m)

H=

Sketch the graphs of both f(7) and the periodic
function represented by the series expansion
for —3mw < r < 3m.

Determine the half-range cosine series expansion of
the function f(7) = 27— 1, valid for 0 << r < 1. Sketch
the graphs of both f(7) and the periodic function
represented by the series expansion for

=2 ==



9 The function f(7) = 1| — ¢ is to be represented by
a Fourier series expansion over the finite interval
O << ¢t << 1. Obtain a suitable
(a) full-range series expansion.
(b) half-range sine series expansion,
(c) half-range cosine series expansion.
Draw graphs of f(r) and of the periodic functions
represented by each of the three series for
—g4 = ¢ = 4.

A function f(7) 1s defined by
)y =mr —1t* (0= r = 1)
10 and is to be represented by either a half-range

Fourier sine series or a halt-range Fourier cosine

series. Find both of these series and sketch the
graphs of the functions represented by them for
—27C << t << 27T.

11 A periodic function fr) is defined by

= (0 = r < 7m)

0 (m < ¢ = 2m)

o=

S+ 27y = f{(£)

Obtain a Fourier series expansion of f{7) and
deduce that

. zﬂ A
S — =
=1 i

12 Determine the full-range Fourier series expansion
of the even function (7)) of period 2 defined by

j‘(r}:{gr (O = ¢ = %-n:]
;{'n:—.r} {%J‘l:-—'::__rﬁn:}

To what value does the series converge at f =  n?

13 A function fi(f) is defined for 0 = r = % T by
{r (0 = r = iT]

T—1i (ST =1t = 3T)
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15

Sketch odd and even functions that have a period
T and are equal to /(1) for0 < ¢ < ; T.

(a) Find the half-range Fourier sine series of f(1).

Find a half-range Fourier sine and Fourier cosine
series for f(x) valid in the interval 0 < x < &
when f{(x) is defined by

X (0 =x = ETC)

m-x (N <x<m)

Sketch the graph of the Fourier series obtained
for 2n < x < 2m7.

A function f{(7) is defined on 0 < ¢ < 1 by
fO=m—1
Find

(a) a half-range Fourier sine series, and
(b) a half-range Fourier cosine series for f(7)
valid for 0 < r < T.

Sketch the graphs of the functions represented
by each series for 21w < ¢ << 2m.



Laplace Transforms

Use the definition of the Laplace transform
to obtain the transtorms of f(#) when f{(7) 1s
given by

(a) cosh2r  (b) t* (¢) 3+t  (d) te’

stating the region of convergence in each case.

What are the abscissae of convergence for the
following functions?

(a) EEI (b) e—SI

(¢c) sin2t (d) sinh 3¢

(e) cosh2f (f) ¢

(g) e+ ¢ (h) 3 cos2r—1t°

(i) 3e”—2e*+sin2f (j) sinh 37+ sin 3¢



Using the results shown in Figure 5.5, obtain the
Laplace transforms of the following functions,
stating the region of convergence:

(a)
(c)
(e)
(2)
(1)
(k)
(m)

(0)

5 — 3¢
3—-—2t+4cos2t
sinh 2¢

4re*

r2 e—4£

2 cos 3t + 5sin 3¢
t* sin 3¢

e 4 a7 oS24+ 3

(b) 7¢% — 2 sin 3¢
(d)
()
(h)
(j) 617 =32 +4r—2

cosh 3¢
Se ¥ +3—2cos 2t

2e ¥ gin 2¢

(1) tcos2t

(n)

t2 — 3 cosdrt



G iy -
3s —T5+3 551
)

2 -1y i tl s - !
4 Find ¥'{F(s)} when F(s) is given by (i) o623 (k) {—————————5+3]{5_+2}

| £+3 =y
(i —— (h) ———— ' 1 :
C(s+3)(s+T) (s+ 1){s-3) 0 {t—l}[51+15+?_] - 425+ 5
- ¥
() 2= (22 @) g=1 (o) — 38
S -

{E'I] ] 1-] {f} ]S+ - :p} 1 Jﬁ 7

s (s +16) s +ds+ 5 (s +1)(s"+9)
(@) _E__TS_t_l__ (h) ﬂi__j (@) 25"+j45+9

S5 +ds+8) (s=1)(s+1) (s+2)(s +35+3)

|

m .E.'+}I n-}

F 42545 (s+1)(s+2)(s"+ 25 + 10)
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Using Laplace transform methods, solve fort = 0
the following differential equations, subject to the

specified initial conditions:

(a)

(b)

(c)

(e)

(f)

dx 2t
—+3x=e

dt
subjecttox=2atfr=0

3%—41:5'1[12?

subject to x = % att=10

2
d—f+29+5x=]

dft  dt

subject to x =0 and 3—?:0 att=10

d—'¥+2d—y+3!=40052!
de” de

subject to y =0 and %:2 atf=0

d’x ., dx

—2—3—+2x=2E'4f
dtt  dr
subject to x=0 and j—j:l att=0

2
H+4[E+5_1r=3ta'zr

dit  dt

subject to ¥ =4 and f{—j:—? att=10

(g)

(h)

(1)

(k)

(D

C]L—J‘fwtd—“"—lrr:5:-3'Isi1"1f

dr'  dt

subject tox=1 and %:0 att=0
ﬂ:+2d—y+3y=3r

e dt

subject to y = 0 and %: 1 att=0

£;+4d—x

dt dt

2 =24
+4x=1 +e

subject to x:% and d_x=0 atfr=0

df
2
9d—f+12d—x+5x=l
df dt

subject to x =0 and %:0 att=0

dx g0 161 = 16 sin 4t

dif dt

subject to x =1 and %:l att=0

9¢~f+ l2<j£+»fly=f—3'r
dr dt
dy

subject to y=1 and T 1 att=0



Using Laplace transform methods. solve fort = 0
the following simultaneous differential equations
subject to the given initial conditions:

dx dy 3t
29f 29 gy
(a) dr dt y=e
dx dy
29 49, 4x _379=0
dr dit )

Latr=0

subject tox =0and y = ;

(b) %+2%¥+x—y=55inr
dv  Ldy
Zdr+3dr+x y=e

subjecttox=0and y=0atr=0

(c) %+%+2x+}=2e'“
dy +5x+ 3y = Sa
di

subjecttox=—land yv=4atfr=0

(d) 3%+3%—21=er

subjecttox=1landy=1atf=0



dx dy

(e) 3—+ —=—-2x=3sinf+5cosf

di di

dx dv
a0x . OF
dz ki di

+yv=sinf{+ cost
subjecttox=0and y=—1att=0

(f) —+—+y=t

subjecttox=1andy=0atr=20

dx dy
2—+3—=—+Tx=14t+7
(&) dr dr
Sd—x—3£+4x+ﬁy= 1471 — 14
df dt

subjecttox=y=0att=0

2 2
d“f=_1f—2x d-]f=_r—2y
dr dt
subjecttox =4, y= 2, dx/df = 0 and dy/dt =0
att=0

(h)



2 2
@ 9% pd Y e g

dr’ dr’
2 g
5df+1ﬁd{+ﬁy=n
di” dr
subject tox= 1, y=1, dx/df =0 and dy/dt= 0
at =41
() 285 QY X A5, o
af- df: df di
- 19 ] ,
Ed ¥ d~P+ d1+d} =35y—-Tx

det df dr dt

subjecttox=dx/di=1and y=dy/dt=0att=0



Solution of second order differential equations

Example L - ¢ je g1 Auau@ Ni#: eqn.:

(—DJ-E- £DZ+IID+£)H T+

Ma*"u!
Py
O =gx ’
t It .p?.°
P-'-'_-;';i’p =T




& c Clay=
J".nn: S +9Yy =e ; 9l =° Yim< &



Nonhomogeneous differential equations

@, y¢+4(7 = Jee . n



