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QUESTION ONE

a. Consider a function, f(x) = x* — 6x — 7. Find the domain and the range of the function. (6)

b. Use interval notation to express the domain and range of the following function:

c.  Suppose you know that the production function that expresses the relationship between table
grapes output (g) and fertilizer application rate (x) is a quadratic function that has: (i) maxima
point and (ii) roots at 0 and 75. Based on the provided information, answer the questions below

(i) Derive the mathematical equation of the production function. (5)
(i) Find the critical point of the production function you have

derived in c(i). (5)
(iii) Give the x-intercept and y-intercept points of the production function (3)
TOTAL MARKS [25]
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QUESTION TWO

a. Usethe Newton's Difference Quotient (or first principle of differentiation) to find the first
derivative of the function:
h(m) = m? —6m—7m (6)

To obtain full marks, show all the critical steps in your answer.
b. Find:

. . m-1
(l) 717{211 \’ m2+2m-3 (3)

- . Vn—-2-2

(i) lim————
n-6 n-—6

(i) (2+k)?—4

= (2)

1
k-0

c. Find the equation of a straight-line that is tangent to the curve:

n =In(m? — 2m + 24)

atm=0 (9)

TOTAL MARKS (25]
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QUESTION THREE

a. Consider the functions, f(x) = (3x* — 5)® and g(x) = logg x*.
Find:
i (%) (4)
i, g’ (x) (4)

b. Find ky, ky, and k., given the function:

k = 3e*%y2 (6)

c. Find the critical points of the function below and test whether
it is at a relative maximum, relative minimum, inflection point, or saddle point.
Show all calculations.

k = 3x3—5y? —225x + 70y + 23 (11)

TOTAL MARKS [25]
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QUESTION FOUR

a. Find:

=

. f()2(3x2 —x—2)dx
i [ 2B(122% 4 3) dx

£

b. Suppose a monopolist served a market that faced the inverse demand function of p=250-2q and
a constant marginal cost of production of ¢=50

What value of gmaximizes the monopolist’s profits?
What is the corresponding price and profit level? (7)

c. Tomeet an order for weaners, a farmer wishes to distribute his production between
two farms, farm 1 and farm 2. The total-cost function, c(q4, q2),
for the weaner production is:

¢(91,92) = 43 + 391 + 25q, + 1000

where g4 and g, are the numbers of weaners produced at farm 1 and farm 2,

respectively. How should the farmer distribute his weaner production across the two

farms to minimize production costs? (Hint: use the Langrage approach with the

constraint being: g; + g, = 100). (10)

TOTAL MARKS [25]

THE END
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FORMULA

Basic Derivative Rules

Ceustant Rule i,(c)- o
(=3
: a 3
Censtant Multiple Rule ?[cf(x)]- cf (x)
x
Power Rule. -',i—(‘\‘) -uxee?
ax
& d g o -
Sum Rule Z'x"“ (x)- ()] = F(x)- gix)
200 - a .. 2 .
Difference Rule E[}(x)-g(:)] - f(x) - g(x)
Predust Rule %[f(x)g(r)]- F(x) g (x) = g(x) 1 (%)

L] £ () = Sz ")
dx! gix) | (c(oF

Qucrient Rule

Chain Rule -:T,’(g(x)) - FXe(x)eXx)

Basic Integration Rules
¥, Ia dyx=ax+C

-l

. X
3 _[.\"' dx= +C, n=-1
n+1

5 1
3. dev—lnl.d-o-(’

4. J.c' dv=c¢"+C
.
5 J-a de= m— +C
6. IIn:rdr:.tln:r—.\'-i—C
Integration by Substitution
The following are the 5 steps for using the integration by
substitution metthod:
@ Step 1: Choose a new variable v
- Step 2: Determine the value dx
@ Step 3: Make the substitution
° Step 4: Integrate resulting integral
° Step 5: Return to the initial variable x

‘Unconstrained optimization: Multivariate functions
The following are the steps for finding a solution to an
unconstrained optimization problem:

f'a) =0 f(a) >0: rclative minimum at x = a
f'(a)=0 fla) <o rclative maximum at x = a
Condition Minimum Maximum
FOCs or necessary conditions Si=fr=0 Ji=s2=0
SOCs or sufficient conditions S =0, 3 >‘U. and Ji1 <0, f33 <0.and
. = L B
S22 = () Jindaz = (12

Inflection point

Six < 0. f32 < 0.and fi.fa2 < Uh2F or
Ji1 <0, f33 <0, and 1132 < ({.-_.,3

Saddic point

Si1 > 0. f33 =0, and f1;.063 < (f2). of
i1 <0, f33 > 0. and fi1.22 < (i)

Inconclusive

N =iy
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Derivative Rules for Exponential Functions
d = x
el )=-¢
:_\’ (a‘ ) =a“lna
_‘%(e:(t))= er(x)g (x)
-:—t_(a“” )= In(a)a =) g (x)
Derivative Rules for Logarithmic Functions

—‘i-(ln x) = l—,x >0
dx x

4 1n(g(x)) = EL2)

dx g(x)

d _ 1
-E(log.x)— xIlna X 0
d A )
E(log.g(:{))- g(x)Ina

Integration by Parts
The formula for the method of integration by parts is:

/udv:u-v—/vdu

There are three steps how to use this formula:
e Step 1: identify v and dv
° Step 2: compute v and du
e  Step 3: Use the integration by parts formula

Unconstrained optimization: Univariate functions
The following are the steps for finding a solution to an
unconstrained optimization problem:
L] Step 1: Find the critical value(s), such that:
f'(a) =0
° Step 2: Evaluate for relative maxima or minima
o Iff"(a) > 0 — minima
o Iff"(a) > 0 — maxima

Constrained Optimization
The following are the steps for finding a solution to a
constrained optimization problem using the Langrage
technique:

° Step 1: Set up the Langrage equation

° Step 2: Derive the First Order Equations

° Step 3: Solve the First Order Equations

° Step 4: Estimate the Langrage Multiplier
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