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1. Solve the following equation: S

VERSION 02

e = Ugg, U<H<T
0,3} = 0, Lt =1
u(z,0) = sin(4wz) — 3sin(6rz).

mﬁﬁzt sin(4mz) — 3367t 81@

(b) e~*"*tsin(4rz) — 3¢5t sin(67z)
(c) e~*sin(4z) — 3e~% sin(67)
(d) e 1% sin(4z) — 3e~% sin(6z)

)

(e) e 1% sin(4dmz) — 3¢~ sin(67z)

2. Solve the following equation:

Ty = Uggy VLT LW;
u(0,t) =0, u(m,t) = 0;
u(z, 0)
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3. Find the steady state for

W = W Bsin(Prz), U< o]
uw{0,t) = Q, w(l,%) = 0;
(0] = z{l=2z)

T = e V@l
U Q:8) = 0; Wy lyt) =0
u(e, ) = =(l=z).
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(a) —"é" + "i'"
$3 3}'4
) 51
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c¢) the constant function g

(
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(d) the constant function 5
(

e) the zero function



5. Find the steady state for

e = Wesy Ua® 1
u(0,t) = 10, wl Ll )= B
u(z,0) = z(1-z).

3zt

(b 10——5:t:+3:(1~$)

)
G (c) 10 — 5z )
d) the constant function 7.5
(e) the zero function

6. Solve the following equation:

g = Wiesy, O I
w0, t) =0, u(l,t) =0,
u(z,0) = sin(7wz)

ui(z,0) = sin(77z)
(a) cos(nt)sin(mz) + sin(77t) sin(77x)

(b) sin(wt) sin(rz) + cos(7nt) sin(77rz)

(c) cos(wt) sin(mz) + %T sin(7nt) sin(7rzx)

(d) sin(wt)sin(rz) + 7—;— cos(7xt) sin(7mzx)
(e) cos(nt) sin(nz) + 7 sin(7nt) sin(77z)



7. Consider the following equation (wave equation) with friction:

gy = Wew—us; V<<l
w(0;t) = 0, gL, 8] =
u(z,0) = sin(nrz)
u(z,0) = 0

Find the steady state of the solution.

(e) There is no steady state as the elastic string will keep oscillating.

8. Find the Fourier series for the following function:

f(a:):{ 1, 0<z<i

Q; §=t@

and f is 2m-periodic.

1 — 1
(a) 5 + ; [—71; sin(nm) cosnrz + - (1 — cos(nm)) sin mr:r:]

1 11 1
(b) p, + " Z — sin%{cos nre + — (1 — COS %) sinmrm}

n n
n=1 -
1 2=T1 1 nmwy .
(c) 1—!—;; ﬁsin%{r—cosnm—l—g (1—0087) smnm]
1 ls=]1 1
(d) Z+ ;; _Esin%rcosn:c+g (l—COS%Ti) Sinﬂm]

(e) 1—{— s i E sin(nm) cosnz + ! (1 — cos(nm)) sinnz
e) =+ — = cosnz + — (1 — cos(nm
2 7 | n n




9. Solve the following equation:

y' + 2y +2y =60 —1), y(0)=0, ¥(0)

(a) e~ Vsin(t — u(t - 1

——

e~ cos(t — 1)u(t — 1)

(c) (e7® ) + cos(t — 1)) u(t — 1)
(d) (et +sin(t — 1)) u(t — 1)
(e) e 'sin(t — L)u(t — 1)

10. Solve the following equation:

y +8y=1+e"% y(0)=0.




11. Solve the following equation:

ty +3y=t+3, y(l)="7.

N 5, 23
(c) 1nt+Z+'EE
5 33
(d) lnt_Z-I—E
5 33
3 _— — —_—
(e) t°Int 1T

12. Solve the following equation:
y' +4y +4y =0, y(-1)=0, y'(-1)

(a) 3¢ **cos2z + e *sin2z — 3
(

b) 3e* cos 2z + e** sin 2z — 3

(c) 3% — 3™




13. Consider the following system with a parameter a:

x={2% % )x
8 =5
Which of the following statement is true?
(a) As a increases and passes through —2,

the system changes from a saddle to a sink.

(b) As « increases and passes through —2,
the system changes from a spiral in to a spiral out.

(c) As a increases and passes through —2,

the system changes from a spiral in to a source.

(d) As a increases and passes through —22,

the system changes from a sink to a saddle point.

(e) As a increases and passes through —32,

the system changes from a sink to a source point.

14. Consider the following system of differential equation:

Xf:(j 1)X+(_11), x(0)=(8)_

i

1—1
You are given that e =
—t t+1

) , find the solution X (¢).
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15. Find the Laplace transform of the function f(¢) which equals (t — 1) for 0 <t <1
and 0 otherwise.

8% s s

2 (l—e™) 1
[ =
(b) g3 a4 + s

2 2 1l-—¢e*
€ s-gt+t—"

2(l—e*) 2 1
d - =+ -
0851340 )

20l—e®) 2 1
(¢) g3 2 s

16. Find the inverse Laplace transform of the following function:
B 1
s%2 + 45+ 13

e* cos(2t) — 3¢ sin(2t)

)

)
@08(3@ - %e"%@

(d)

)

e® cos(2t) + €* sin(2t)

W =
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17. Find the inverse Laplace transform of the following function:
1
s2(s+1)2
a) 2+t+tet

(a)

(b) —24+t+ (2+t)e™
)
)

(c) t+ (1 —t)e™

t —t

(&) g+ (1+ )™

18. The convolution of ¢ and e~ equals:
(a) t+te™t
(b) 1+te?
(c) (t—=1)e™"
)

() —1+te™®
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19. Find the Laplace transform of f which consists of an infinite sequence of positive delta

functions at t = 1,2, 3,... and negative delta functions at ¢ = 2,4,6,.. ..

J@)

e ¥

4™
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20. Find the Laplace transform of the following function:

b A1)

_1 _____________________________
1 1
(a) (1 + —32> e — = g P8 o g le
1 —5 —3s 45
b l1-—]e’+—=e"+4e
52 2
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21. Solve the following differential equation:

1 for0<it<l
M+y:{ , y(0)=0

0 fort>1
(8) 51— eu(t) = 51— e Du(t = 1)
(b %U——éﬂu@%+%ﬂ—wf“*ﬂuﬁ—l)

1+4e)u(t) — (1 + e Du(t —1)
(

(
d) (1—eu(t) — (1 — et Mu(t -1
(© (-t - (1 e"“*))u@

22. Find the Laplace transform of te’sin(2t).
45— 2

S P EEY
4s +4
(b) (s — 1)2(s% + 4)
4
) = s —1)%(s2+4)
4(s—1)
‘_(_d) ((s — 1)% + 4)?

4(s —1)
&) ~ G-t 27
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23. Consider the following improved Euler scheme for solving: y' = f(t,y):
given vy, the next value Yy, s obtained by the following procedure:

gn+1 = Un + f( myn)(tn+1 _t

Yny1 = yn+_( (myn +f n+1?£) n+1_t

If you use the above scheme to solve ¥ = y with y(0)'= 1 and uniform time steps:

tny1 — tn = h, then what is the exact value of y;7

1 R

(&) =17 T2+ 75
R Rl
()y1—1+h+?+g
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24. Consider the following matrix:

OO
o = = O
o N O O
N O O O

Which of the following statement is true?
(a) 2 is an eigenvalue with three linearly independent eigenvectors and
1 is an eigenvalue with only one eigenvector.

(b) 2 is an eigenvalue with only one eigenvector and

1 is an eigenvalue with three linearly independent eigenvectors.

(c) 2 is an eigenvalue with two linearly independent eigenvectors and

1 is an eigenvalue with two linearly independent eigenvectors.

(d) 2 is an eigenvalue with two linearly independent eigenvectors and -
1 is an eigenvalue with only one eigenvector.

(e) 2 is an eigenvalue with only one eigenvector and
1 is an eigenvalue with two linearly independent eigenvectors.
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25. Find the general solution of the following system:

100
X=[(310|X
003
0 3 0
(a) cre' | 1 | +eoet| 0 | +c3e®| 0
0 0 ) 1
0 Wa&: 1
(b) Cl€t 0 +C2€t 1 +C383t 0 4+ 0
0 0/ \ 1 0
1! 1 0 \ 1 0
3 3
) e¥ | 0 | +ece®|t| 0 | +] 1 +ezet | 0
0 0 \ 0/ 1
0 [ [ (0]
(d) cie | 1 | +eet [t] 0O |+] 1 + cze™
0 0 B g { I
0 AL (3] 0
1 tl 1|+ 0 || +ee®| 0
0 -\ o0 0/
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