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Paper 3
QUANTITATIVE METHODS IN ECONOMICS

This exam comprises four sections. Sections A and B are on Mathematics; Sections C and D
are on Statistics. You should do the appropriate number of questions from each section. The
number of questions to be attempted is given at the beginning of each section.

Answer s from the Mathematics and the Statistics Sections must be tied up in separate
bundles, with the |etter of the Section written on each cover sheset.

Thiswritten exam carries 80% of the marks for Paper 3. Section A carries 24% of the marks,
Section B carries 16% of the marks, Section C carries 24% of the marks and Section D carries
16% of the marks.

STATIONERY REQUIREMENTS SPECIAL REQUIREMENTS

2 x 20 Page booklet List of statistical formulae

Metric Graph Paper New Cambridge Elementary StatisticaleBab
Rough Work pads

Tags Approved calculators allowed

You may not start to read the questions printed on
the subsequent pages of this question paper until
instructed that you may do so by the Invigilator




SECTION A - MATHEMATICS
Answerfour questions

1 Ais a positive constant with @ 1 < 1. By noting that\" = exp(hIn(1)) or otherwise show
that the function
f(h) = 1247
is downward sloping foh > 0. [You may use without proof the fact thai(x) < x — 1 for all
X].

2 Afirm’s production function iQ(L) = 12.2 — S-L3 whereL denotes the number of workers
with L € [0, 200
(@) Find the size of workforcél.*) that maximises outpu®(L)?
(b) Write down an expression for output per worker and firelgize of the workforcél**)
that maximises this?
(c) Explain whyQ'(L**) = Q(L**)/L**.

1
3 Letl be the 2x2 identity matrix, and lebe the vecto1: L :| The symbol denotes

transposition of a vector or matrix.
(a) Evaluate'i andii’. Hence, or otherwise, show that the matix= | — %ii’ obeys the

matrix equation
MM = M
(b) A square matrix which satisfidgd?> = MM = M is called aridempotent matrix. Show

that if M is idempotent, then the matrik — M) is also idempotent, and evaluate the
matrixQ = M(l — M).

4 An agent has utility defined over consumption of two gordsidy given byU(x,y) = x2y-2,
Her budget constraint is
PxX+pPyy =m
Calculate the optimal choices waindy and the Lagrange multiplie¥. Sketch the relationship

betweem/U andm. Give a brief interpretation of your graph in terms of the eurtging
optimisation problem.

5 A small macro model is described as follows

Y=C+I1+G
C=a+pY

| =y-0R
G=20
MY = 1Y - uR
Ms = 360

whereY is output,C is consumptionl is investmentR is the interest rate; is government
spending and1® andM? are supply of and demand for money respectively.
(a) Solve for the equilibrium level of output and the inteénege when



a=10,=0.8y=506=11=21u=3
(b) Calculate the value of the government spending mlﬂti@g—.

6 Calculate the equation of the straight line tangent to timeey = In(x) at the point
x = 1,y = 0. Use your answer to show that for smale may approximati(1 + ¢) by .

] X

then for large enough we may approximatg by e*. Relate your result to the use of
alternative formulae for calculating interest payments.

TURN OVER



SECTION B - MATHEMATICS
Answerone question

1 The demand; for a good in period is given by
Di = a—bp

wherep is the current market price amdandb are positive constants. The supply of the good
S: depends on the current expected ppéas follows

S =-—c+pf
wherec is a positive constant. Price expectations are formed sVl

Pt = Pt1 + p(Pr1 — PE1)

where O< u < 1.
(a) If market equilibrium determines prices write down aoa@pn linkingp; andp§
(b) Use your answer to (a) and the price expectation meahaoisbtain a difference

equation forp;.
(c) Determine the equilibrium prige* such that ifp._; = p* thenp; = p*
(d) What restrictions must be placed ab, c andu for p* to be a stable equilibrum?
(e) Describe what you would observeuif= 0.8 andb = 0.5.

2 A monopolist operates in two isolated geographic areathétaoods sold in one area cannot
easily be resold into the other) and faces the demand curves
P, =100-Q, P, =80-Q:

whereQ;andQ; are the quantities sold in market areas 1 and 2 respectivedy.

monopolist’s cost function i€ = 6(Q1 + Q>)

(@) How much should be sold in each of the two markets in oeraximise profits? What
would the two prices be?

(b) How much profit would be lost if it becomes illegal to midiscriminate?

(c) The government imposes a taxt@fer unit sold in market 1. Show that the discriminating
monopolist’s profits fall byt?/4 more than the government gains in tax revenue.

(d) Sketch the relationship between the tax tated government revenue and calculate the
revenue maximising tax rate.

(e) The government decides not to bother with the tax but nbwdaet airline appears that
allows people to travel between the two areas at a returrotosily 8 (and no
restrictions on the amount of this good carried). Analysatthe discriminating



monopolist should do now.

TURN OVER



SECTION C - STATISTICS
Answerfour questions
1 A mobile phone company’s records indicate that privatéorners pay on average £17.10 per
month. A random sample of 10 customers’ bills during a givemtin produced a sample
mean of £22.10 and a sample variance of 45. A 5% significasgtad to be performed to
determine if the mean level of billing is in excess of £17.36t out carefully the hypothesis to
be tested, calculate the test statistic and the appropgrisital value. What is your
conclusion?

2 Aresearcher is interested in the relationship betweeg tvaeijht and income. She calculates
the correlation between three categories of body weiglmduke numerical scale
underweight0, normakl and overweight?2) and income (in £ per week) for 100 working
adults and finds = —0.4. Comment carefully on whether this provides an appatptest of
her hypothesis.

3 Two fair dice are thrown.
(a) What is the probability that the total score achievedads &?
(b) If their total is not 2 or 6 they are thrown again. What is girobability that the final total
is even?
(c) If both dice are thrown a total of 5 times, what is the piulitst that on precisely 3
occasions the total score is 7?

(a) Weekly Earnings data for a large manufacturing firm wabtained for all employees.
The mean, median and mode Weekly Earnings are found to be £480 and £420. Do
the results indicate that the distribution of earnings sifpeely or negatively skewed? Do
these results seem realistic? Explain your answer.

(b) Itis decided to calculate a measure of spread of the Hatdain carefully under what
circumstances you would consider each of the following tamappropriate measure of
spread:

() interquartile range
(i) root mean square deviation
(iif) standard deviation

5 Xis a non-negative random variable wiX?) = 12.1. In additiorP(X = 2) = 0.4 and
P(X = 5) = 0.1. The random variable can take on one other value besided 2.
(a) What is the other value thAttakes?
(b) What is the variance of?

6 A random sample of 200 city households is taken to estirhatprioportion using
double-glazing on their windows. Of these 80 said they hadldeglazing.
(a) Determine a 95% confidence interval for the proportibitnis population using double
glazing
(b) A similar sample, this time of size 270, is taken of ruraliseholds. It was found that 90
had double-glazing. Test the hypothesis that city dweli@dscountry folk are equally



likely to have double-glazing.

TURN OVER



SECTION D - STATISTICS

Answerone question

1

(&) When carrying out an ordinary least squares regresaalgsas using time series data
what assumptions do you need to make concerning the diskceliarms?

(b) How would you interpret each of the following plots of ichgals against time from a time
series regression analysis?

(i

residuals over time

0.7

0.6

0.5

0.4

0.3

0.2

0.1

(ii)

0.2

—residuals over time

residuals over time

0.8

0.6

0.4

0.2

-0.4

-0.6

—residuals over time

(c) Aregression analysis of earnings on age is carried ot §ample of a cohort of
employees in a particular institution, using the followateta.

DS)

Observation Age A (years) Earnings E (£'00
1 20 20
2 25 30
3 30 39
4 35 47
5 40 50
6 45 52
7 50 54
8 55 55
9 60 56
10 65 56




and the following results are obtained (standard errorgngrarentheses):

E—14.53+0.738A R? = 0.815

(5.58 (0.1249

() Interpret these results.
(i) Give a 95% confidence interval for your estimate of tleefficient on age.
(i) What earnings would you predict for someone aged 677
(iv) Compare your answer to (iii) with the earnings of thoge&60 and 65, and
comment.
(v) Determine the missing entries in the following table

Observation Predicted Dependent Variable Residual
1
2
3 36.67 2.33
4 40.36 6.64
5 44.05 5.95
6 47.75 4.25
7 51.44 2.56
8
9
10

(vi) Interpret the residual pattern, and discuss how theotsemight have been
improved upon (but do not carry out such an exercise).
TURN OVER

2 Two Cambridge Colleges A and B each have seven first yedests studying Economics.
The average marks achieved in the end of year exams are shdenfollowing table.

College A| College B
Marks Marks
80 72
65 50
65 63
52 61
41 58
33 60
56 63

A first class mark is awarded for marks equal to or greater 6%

(a) For each college calculate the mean, mode and medianawnavkll as the sample
variance and standard deviation.

(b) Given the information in the table and your answer to\ddich College would you say
has performed the best. Explain your answer.



(c) Onthe assumption that the students examined are reyaé&se of students entering, and
the teaching found in, the two Colleges test the hypothbhaisthhe mean mark is the same
for both Colleges. State clearly any further assumptioasytbu make and test where
possible.

(d) Test the hypothesis that the proportion achieving €ils$s marks is the same for both
Colleges.

(e) Describe how, if at all, your analysis would change if Yearnt that all these students had
studied economics at school except the two receiving lomesks in College A. Which
College would you say has performed best now?

() Redo step (d) but dropping the observations on the two awe not previously studied
economics. Interpret your results.



