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DAS 20403

Ql (a) For each of the following find F(s)or f (r)u indicated.

(i) I [2.sn/ +cos2/]
(iD s V"" l

----,I s+4 -l

(rr) J/'l ^ |

Is'+4s+8_]

(b) lt o<t<2
Sketch the graph ofthe function f(r) = I 2 2 < t < 4

f-r t>4
Describe these functions in terms of unit step functions.

(14 marks)

Q2 (a) (i) By using the convolution theorem, find

J(t)=n''l: .l
Ls' - ll

(ii) Evaluate /(o) and /(t).

(12 marks)

(b) 
s the oartial fraction method- r*a sztl - ]-fBy using the parrid fraction I 

Ls(s, + 4)_l

(8 marks)

(6 marks)

Q3 (a) Gven y = AcosZx+Bsin2x-fsin3r.

(i) Show that y is a general solution of the equation y' + 4y = sin 3x.

(ii) Find the particular solution if y =Iand y'= -f when x = 0.

(10 marks)

(b) dv xv+v' .
Determine whether the differential equation ;= A- ts homogeneous.

Thus, solve the equation.
(Hint: Y = P;

(10 marks)
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Q4 (a) Consider an animal population P(/) that is modelled by the equation

dP

dt =o'ooqP(P-l5o)'

Find P(r), if P(0) = 200.

(10 marks)

(b) A body at a temperature of 50" F is placed outdoors where the temperature

is 100" F . If after 5 minutes the temperature of the body is 60" F, find

(i) how long it will take the body to reach a temperature of 75" F.
(ii) the temperature of the body after 20 minutes.

The Newton's Law of Cooling equation for this problem is

{+w = look..
dt

where r is the variable for temperature in " F, r is the variable for time in
minutes and, k is a constant of proportionality.

(10 marks)

Q5 (a) Find an integating factor for y' -2ry = t.

(8 marks)

(b) Given y' - y' -2y = et' .'By using the method of variation of parameters,

answer the following questions.

(i) Find the characteristic equation, y, of the given equation if
y' - y' -2y:o.

(ii) By using ! , = vre * + vrez' and Q@) = e3', solve the simultaneous

equation
v'r(e .) + v'r(e2'1 = g

v'r(-e ') + v'r(2e2') = e3' .

to determine v, and ur. Substitute this result into yo.

(iii) Finally, write the general solution as y = ln + ! o.

(12 marks)
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a6 (a) Gven the initial value problem as follows;

x' + 4x'+ 4r = l, x(0) = x'(0) = g.

(i) Show that the laplace transform for the given problem is
I

X(s) = ^
s(s + 2)'

(ii) Then, use partial fractions to prove that

( h) (- %) (-,t)
X(s): \ J/ + 

-+ 
----*.s (s + 2) (s +2)'

(iii) Finally, solve the given problem.

(10 marks)

(b) A tank which initially holds l00litres of a solution containing 90%o of water

and I0%o of salt is drawn off at the rate of 5 litres/min. At the same time the

tank is refilled at the rate of 4 litres/min with solution that contains 50% of
water and 50% of salt. Assuming that the mixture is kept uniform. How
much saltis present
(i) at any time r > 0?
(ii) at the end of l0 min.

(10 marks)

Q7 (a) Solve the exact equation below:

(y sin x + ry cost) atx + (xsin x + 5) dy = g .

(11 marks)

(b) Gven the R-L circuit model as

Ldl(t) + N(tl= E(t\.
dt

where the circuit has inductance L = 0.5 henry , resistance

R = l0ohms, electromotive force E(t)=3e2' and 1(r) is the cunent

flowing in the circuit. The initial current is 6 Amperes.

(i) Determine the initial condition for the circuit.
(ii) Find the current flowing in the circuit for all time

(9 marks)
- END OF QUESTION -
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FORMULA

Second-order Differential Equation
The roots of characteristic equation and the general solution for differential equation
ay' +by' + cy =0.

Characteristic equation: am" +bm +c =O.
Case The roots of characteristic esuation General solution

I Real and different roots: m, and m" !=Ae^" +Bet'*
2 Real and equal roots: m=n\ =ntz y=(A+Bx)e*
J. Complex roots: z, = a + Pi, ffi2 = d - B i y = e- (Acos Bx + B sin Bx)

The method of undetermined coeflicients
For non-homogeneous second order differential equation ay'+by'+cy--f(x), the

particular solution is given by y 
"(x):

Note : r is the least non-negative integer (r: 0,I, or 2) which determine such that there is

no terms in particular integnl ./, (x) conesponds to the complanentary function y"(x) .

f (x) !o@)

1@) = A,x' + A,*rxn-' +" '+ tx+ '4o x'(B^x" +Bn-.,x'-r +...+ Brx+Bo)

Ceo' x'(Pe"')
C cos Bx or C sin Bx x'(P cos px+Qsin Bx)
P,(x)e" x' (B nx" + Bn_rxn-' +... + Brx + Bo)e""

lcos Bxp,(*)\rin'F, x' (8,x" + B,_rx'-' +... + B,r + Bo) cos Px +

x' (C,x' + C, ,x"-t +. . . + C,x + Cr)sin Bx

cr*. {"ot 
p*

lsinpx

x'e*' (P cos px + Qsin Bx)

1(x)e-'{::f;
x' (Box" + B,_rxn-t +.. . + Brx + Bo)e"* cos Bx +

x'(C,x" +Cn-rxn t +...+ Crx+Co)e"'sinBx
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If the solution of the homogeneous equation ayr + by' + c! = 0 is ln = Ay, + Byr, then

the particular solution for ay' + by' + cy = f (x) is

!:ulrIv!2,
, v. f(xl r v, f(x\ l'' " I

where u =-lt2!::, dx+ A, , = l"r'_\_1, dx+ B and W =1,r, ,1'= yry, - yryir aW r alil lyi y;l

Laplace Transform

L{f (r)l = Il f,>, "'dt = F(s)

"f 
(t) F(s) "f 

(t) F(s)

a a

s
H(t - a) e-"

;

eot
I

s-a f (t -a)H(t -a) e-^F(s)

$nat 6(t - a) e*

cosat
J

n
st +ao

f (t)6(t -a) e-^ "f 
(a)

sinh a/
a

))s- -a- [,t<"ls<, 
_u)du F(s).G(s)

cosh a/
.t

n
st -a'

v(t) r(s)

tn , n =7,2,3,...
nl

Fi y'(t) sY(s) - y(0)

e" f (t) F(s - a) y'(t) s'f1s; - sy(O) -.y'(0)
t "f (t),

n =1,2,3,...
sY" ftr1s1


