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SECTION A (Total: 100 marks)

Answer FOUR (4) questions.

Please use the answer booklet provided.

Question 1

Answer the following questions.

(@)

(b)

Determine the gradient of the function below at a point Q(1, 2) by using First
Principle's method.

flz) =22°+5
(10 marks)

Determine the derivative of the following function:
g(z) = dz(z — 1)’
by applying the Product Rule.

(8 marks)
Determine the second derivative of the following function:
h(z) = 227 — 52° + z* — 22° + 32? — 5% + 202 — 26

(7 marks)
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Question 2

Answer the following questions.

(@)

A batch of vacuum-packaged smoked fish is found to be contaminated with
a psychrotrophic spoilage fungus (Penicillium spp.) during a routine quality check.
Initial testing at the time of packaging (t = 0) shows a concentration of 1,000 colony-
forming units (CFU) per gram.

Four hours later, due to a temperature abuse incident during transport, a follow-up
test reveals the count has risen to 2,500 CFU/g.

The exponential growth model is
N(t) = Nye™
where:

N(t)= population at time (CFU/g)
N, = initial population = 1,000 CFU/g
r = specific growth rate (per hour)

t = time in hours.

i. Calculate the quadrupling period (the time required for the microbial
population to increase four-fold) for this fungus under these conditions.
{8 marks)

ii. Ifthe abusive temperature conditions persist, predict the microbial count after
a total of 12 hours from the initial measurement.

(2 marks)
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(b)  Afood processing plant has developed a new ultraviolet light treatment to reduce
microbial load on fresh produce without damaging the product. The plant's Daily
Quality-Improvement Value (Q) (measured in Quality-Adjusted Savings in dollars) is
modelled as a function of the exposure time (t) (measured in seconds).

The model is given by:
Q(t) = 18t — 0.045¢2

where t is the exposure time in seconds.

i. Determine the optimal exposure time (t) that will maximize the Quality-
Improvement Value.

(5 marks)
ii.  Calculate the maximum Quality-Improvement Value achievable.

(2 marks)
ii.  ldentify the type of mathematical function represented by Q(t).

(1 marks)
iv.  Describe the shape of the graph of the function Q(t).

(2 marks)
v.  Sketch the graph of the function Q(t).

(S marks)
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Question 3
Answer the following questions.
(a) Sclve the following indefinite integral by using integration by parts.
/ 3z’ sinx de
(10 marks)
(b) Solve the following definite integral by using substitution method.
2
/ (2z + 5)(z® + 5z)* dz
0
(8 marks)
(c) Solve the following indefinite integral.
/ 142° — 52* + 823 — 62° + 20x — 5¢°° + 26 dx
(7 marks)
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Question 4
Answer the following questions.
(a) Given that
2r' +5x—-1 20 4+5zx—-1 A+ B . C
?+z2-2r zlz-1(z+2) z (z-1) (z+2)
Evaluate the values of A B, and C.
(10 marks)
(b) Determine the integral below by using partial fractions from part (a).
227 + 5z —1
3 L2 O dz
>+ 5°— 22
{8 marks)
(c) Given that
102 — 2 10z — 2 2 2 6

Bzl —gz—1 (x—-D(z+1)2 (z—1) i (x—|—1)+(:1:—|—1)2

Determine

0z -2
/(m—l)(wnz .

(7 marks)
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Question 5
Answer the following questions.
(a) Given that
4+ 120-5  22+122-5  a i i oy
2 —522—13z—7 (z-Nx+1)2 (z-7 (=+1) (z+1)?
Evaluate the values of &, 5, and 7.
(10 marks)
(b) Determine the integral below by using partial fractions from part (a).
/ z2+12z -5
= s
(x —T)(z+1)?
{8 marks)
(c) Given that
9z —dz—4 1 i 3 ) 5
(z—2)(z+2) z (z-2) (z+2)
Determine
/ 9x2 ~ 42 — 4
dx
z(x — 2} (z + 2)
(7 marks)

END OF EXAMINATION PAPER
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APPENDIX

DIFFERENTIATION RULES

First Principles
cns e ofC )= FlE)
e
¢ k)=0 k= tant 4 5 =
1 dx( )=0, = constan 9 a;smx—cosx
2. | —(ax™) = nax™! 10 .ii._ o, a
i be | ggCosx = —sinx
d d
3 ae”“‘ = ge* 1. atanx = sec’x
I e
4 dxa a“ina 12 dxsecx— secxtanx
d Inx = ) = t
5. | zinx¥=- 13, | 75 Cscx = —cscxcotx
By ] P
6. |gx "% 14. | —cotx = —csc?x
dx

Product Rule
dy dv du

d
7. | 7z (108aX) =

15. o
Aie PR TR
d Quotient Rule
— pAx+b — jpax+h du g[_v.
B | 16. |dy VG Ugy

dx 12

INTEGRATION RULES

xn+1
n —
fx dx_n+1+c 7. ftanxdx=1nlsecx|+c
i 1 1
o P
fe e a e 8. J'—E——zdx=—tan"1—+c
az+x a a

1 a
f;dx=inx+c 9 Jf(x)dx:[)
a

T =t @ ’
fadx_alnx+c 10. f f(x)dx:—f fx)dx
b a

fsinxdx=—cosx+c 11. J:f(x)dx+£bf(x)dx=J:f(x)dx

: Integration by parts
fcosxdx=smx+c 12
: fudv=uv—-fvdu







