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• Write all steps clear.
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MCQ Question # Answer Maximum Marks

1 7

2 7

3 7

4 7

5 7

6 7

7 7

8 7

Total 56

Written Question # Marks Maximum Marks

9 19

10 20

11 15

12 15

13 15

Total 84

Grand Total 140
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Q:1 If f(t) = e−2t cos2 3t and F (s) = L{f(t)}, then F (S) is equal to:

(A)
1

(s+ 2)
+

s+ 2

(s+ 2)2 + 36

(B)
(s+ 2)2

((s+ 2)2 + 36)2

(C)
s2 + 4s+ 22

(s2 + 4s+ 40)(s+ 2)

(D)
2s2 + 8s+ 17

2(s2 + 4s+ 13)(s+ 2)

(E)
1

2(s+ 2)
+

s+ 2

2(s+ 2)2 + 9

Q:2 If F (s) =
e−3s

(s+ 1)2 + 4
+ e−4s, and f(t) = L−1{F (s)}, then f(t) is equal to:

(A)
1

2
U(t− 3)et−3 sin(2t− 6) + δ(t− 4)

(B)
1

2
e3−t sin(2t− 6) + δ(t+ 4)

(C)
1

2
U(t− 3)e3−t sin(2t− 6) +

1

t+ 4

(D)
1

2
et−3 sin 2(t− 6) +

1

t− 4

(E)
1

2
U(t− 3)e3−t sin(2t− 6) + δ(t− 4)
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Q:3 The Fourier transform of f(x) = e−2|x| is:

(A)
4

α2 + 4

(B)
α

α2 + 4

(C)
1

α2 + 4

(D)
4

α2 + 1

(E)
1

α2 + 1

Q:4 The inverse Fourier transform of F (α) = e−3|α| is:

(A)
1

π

3

x2 + 1

(B)
1

π

3

x2 + 3

(C)
1

π

9

x2 + 9

(D)
1

π

3

x2 + 9

(E)
1

π

3

x2 − 9
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Q:5 If
∞∑
n=1

bn sinnπx is the Fourier sine series of f(x) = x+ 1, 0 < x < 1, then b1 + b2 + 3b3

is equal to:

(A) − 11

2π

(B)
11

π

(C) − 1

π

(D)
2

π

(E)
12

π

Q:6 If f(x) =
∞∑
n=0

cnPn(x) is the Fourier Legendre series of f(x) = ex, −1 < x < 1,

and P2(x) =
1

2
(3x2 − 1), then c2 is equal to:

(A)
5

2
(e− 7e−1)

(B)
2

3
(e− 5e−1)

(C)
3

2
(7e− e−1)

(D)
5

2
(e− e−1)

(E)
5

2
(e+ 7e−1)
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Q:7 The Fourier series of f(x) =

{
0 −π < x < 0
1 0 ≤ x < π

is:

(A)
1

2
+

∞∑
n=1

(−1)n − 1

π
sinnx

(B)
1

2
+

∞∑
n=1

(−1)n − 1

nπ
sinnx

(C)
1

2
+

∞∑
n=1

(−1)n + 1

π
cosnx

(D)
1

2
+

∞∑
n=1

(−1)n − 1

nπ
cosnx

(E)
1

2
−

∞∑
n=1

(−1)n − 1

nπ
sinnx

Q:8 If yn(x) and ym(x) are two eigenfunctions corresponding to two different eigenvalues of

the Sturm–Liouville problem: x2y′′ + xy′ + λy = 0, y(1) = 0 and y(5) = 0,

then which one is TRUE:

(A)
5∫
1

xyn(x)ym(x)dx ̸= 0

(B)
5∫
1

exyn(x)ym(x)dx = 0

(C)
5∫
1

1
x
yn(x)ym(x)dx = 0

(D)
5∫
1

yn(x)ym(x)dx = 0

(E)
5∫
1

1
x
yn(x)ym(x)dx ̸= 0
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Q:9 (19 points) Find nontrivial solution of the heat equation 4
∂2u

∂x2
=

∂u

∂t
subject to

the following initial and boundary conditions:

u(0, t) = 0, u(π, t) = 0, t > 0,

u(x, 0) = 10, 0 < x < π.
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Q:10 (20 points) Find nontrivial solution of the Laplace equation
∂2u

∂x2
+

∂2u

∂y2
= 0 subject

to the following initial and boundary conditions:

u(0, y) = 0, u(π, y) = 0, y > 0,

u(x, 0) = x, 0 < x < π and solution is bounded as y → ∞.
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Q:11 (15 points) Let u(r, z) =
∞∑
n=1

An sinhαnz J0(αnr) is the steady state temperature in a

cylinder of radius 2 obtained by solving the problem:

∂2u

∂r2
+

1

r

∂u

∂r
+

∂2u

∂z2
= 0 , 0 < r < 2, 0 < z < 4

u(2, z) = 0, 0 < z < 4

u(r, 0) = 0, u(r, 4) = 4, 0 < r < 2.

Apply the appropriate boundary condition and find An.
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Q:12 (15 points) Solve the following problem using Laplace transform:

∂2u

∂x2
=

∂2u

∂t2
, x > 0, t > 0,

subject to the following initial and boundary conditions:

u(0, t) = sin 3t, limx→∞ u(x, t) = 0, t > 0

u(x, 0) = 0, ut(x, 0) = 0, x > 0.
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Q:13 (15 points) Solve the following problem using Fourier transform:

k
∂2u

∂x2
=

∂u

∂t
, −∞ < x < ∞, t > 0, subject to the condition:

u(x, 0) = e−|x|, −∞ < x < ∞.
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Formula Sheet for Math 301-123 Final Exam

1. Two recurrence relations

d

dx
[xnJn(x)] = xnJn−1(x),

d

dx
[x−nJn(x)] = −x−nJn+1(x)

2. The Fourier Bessel series of f defined on the interval (0, b) is f(x) =
∞∑
i=1

ciJn(αix), where

ci =
2

b2J2
n+1(αib)

b∫
0

xJn(αix)f(x)dx and αi are defined by Jn(αb) = 0.

3. The Fourier Bessel series of f defined on the interval (0, b) is f(x) =
∞∑
i=1

ciJn(αix), where

ci =
2α2

i

(α2
i b

2 − n2 + h2)J2
n(αib)

b∫
0

xJn(αix)f(x)dx and αi are defined by hJn(αb) +αbJ ′
n(αb) = 0.

4. The Fourier Bessel series of f defined on the interval (0, b) is f(x) = c1+
∞∑
i=2

ciJ0(αix), where

c1 =
2

b2

b∫
0

xf(x)dx, ci =
2

b2J2
0 (αib)

b∫
0

xJ0(αix)f(x)dx and αi are defined by J ′
0(αb) = 0.

5. The Fourier-Legendre series of f defined on the interval (−1, 1) is f(x) =
∞∑
n=0

cnPn(x), where

cn =
2n+ 1

2

1∫
−1

f(x)Pn(x)dx.


