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Homework 4 — Multiple Choice
ChE 132A

Exercises

Exercise 6 (Differentiating a Laplace transform).
Taken from (Graham and Rawlings, 2022, Exercise 2.16).

Starting from the definition f(s) = fom e 5! f(t) dt, differentiating with respect to s establishes Property 4 of
the Laplace transform.

(a) Differentiating f(s) under the integral sign with respect to s gives
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(b) Rearranging shows that
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(c) Applying the same differentiation n times gives
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Exercise 7 (Partial fraction expansion).
Taken from (Graham and Rawlings, 2022, Exercise 3.24).
For the partial fraction expansion of

1 _A B _C
(s—a)(s—b)(s—c) s—-a s—-b s-c

a+tb+c

(a) Tofind the coefficient A of the ﬁ term, you multiply both sides by (s—a) toobtain 1 = A(s—b)(s—c)+. . ..

Evaluating at s = a eliminates the other terms. What do you get?
(A) 1=A(a—a)(a-c)
B) 1=A(b-a)(c—-a)
C) 1=A(a-b)(a—-c)
D) 1=A(a—-b)(a->b)
1

S—a

(b) The standard inverse Laplace pair is £~ {
fraction expansion, f(z) is

A B C

+ +
s—a s—-b s-c
(B) Ae ™ + Be P 4 Ce !
(C) Ae? + Beb" +C e
(D) (A+B+C)elatbror

(A)

} = ¢® . Applying this to each term in the partial

(¢) When using the residue formula with g(s) = (s —a)(s — b)(s — ¢), the term containing (s — a) vanishes

at s = a, so ¢’ (a) equals
(A) a-b
B) (a=b)(b-c)
(©) (a-b)(a-c)
D) (a+b)(a+c)

Exercise 16 (Two chemical reactions in series).

Consider the two irreversible reactions

AN BE ¢

taking place in a well-stirred batch reactor with rate expressions r; = k1c4 and r, = kpcp. Starting with only

species A att = 0, we have c49 > 0 and cgg = cco = 0.

d

(a) Taking the Laplace transform of
Solving for c4(s) yields

A = —kyca with c4(0) = cao gives s€a(s) — cao = —kiTa(s).
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k
(A) Tals) = =
1
B) ¢ =
(B) ca(s) s
— §CA0
C =
(C) cals) s
_ CA0
D =
(D) ca(s) s
(b) Taking the Laplace transform of d;% = kica — kocp with ¢g(0) = 0 and substituting c4(s) = Z_AZ
s+ K1
gives (s + k2)cp(s) = kica(s). The solution cg(s) consists of
k
(A) A single term from the forcing: m
(B) Only the homogeneous response:
s+ k2

(C) Two terms: the forced response plus a zero homogeneous response (since cgo = 0)
cpo . kicao
+

D) A :
D) sum s+ky s+k

(c) Inverting the transform of A gives

(A) ca(t) = cage™ 1

(B) calr) = cao(l —e™h1)
(©) calr) = ek

(D) cal(r) = Ck—/‘f(l — ek

k
(d) When inverting cp(s), the term A0 anbe split using partial fractions as (assuming
(s+ki)(s+ko)
ki # ko)
k]CA() 1 1
A +
( )k1—k2 S+k1 S+k2
k
(B) 1€ A0 _
(S + kl)

(C) kch() ( 1 1 )

kz—kl S+k1 S+k2
€A CAo
S+k1 S+k2

D)

() Summing all three mass balances gives % (ca +cp+cc) =0, which means

(A) ca+cp+cc =0always
(B) ca+cp+cc = cap (conservation of mass)
(C) ca +cp + cc increases linearly with time

(D) ca + cp + cc depends on the rate constants
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