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4. (15 pts) Let Xi, Xo, and X3 be independent random variables from a
Poisson distribution with mean 1, i.e., X; ~ Poisson(1) for i = 1,2,3.
Define

Yi=X1+X3, Yo=Xp+ X5,

and indicator variables
Z; = Liy—0y, t=1,2.

Compute the correlation Corr(Z;, Z5).

5. (15 pts) Let X and Y be continuous random variables with cumulative
distribution functions Fy(r) and Fy(y), respectively. Derive the condi-
tional distribution of ¥ given that X — Y = 0.

6. (30 pts) Let X1,..., X, be a random sample from a normal distribution
with mean p and variance 0%, where g2 is an unknown constant. Consider
the hypotheses

Hy \p 2 g Versus Hy o/ u < pyo.

(a) (8 pts) Derive the likelihood ratio test of size @, 0 < o < 1.

(b) (7 pts) Express the corresponding p-value of the likelihood ratio
test based on the observed values x4, ..., z, of a random sample.

(c) (7 pts) Compute the power of the test at p = p; with p; < po.

(d) (8 pts) Construct the uniformly most accurate (1 — @) confidence
interval for p.
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1. {20 pts) Please explain the following items.

(a) (5 pts) Moment-Generating Function
{b) (5 pts) Type I Error
{c) (10 pts) Describe the desirable statistical properties of an estimator.
2. (10 pts) A portfolio consists of 100 individual risks divided equally into
two categories, X and Y, with 50 risks in each. The losses from risks in
category X have an average of 10 and a standard deviation of 5. The

portfolio as a whole has an average loss of 20 and a standard deviation
of 15. What is the standard deviation of losses for risks in category Y7

(a) Less than 9

(b) At least 9, but less than 13

(c) At least 13, but less than 17

(d) At least 17, but less than 21

(e) At least 21

3. {10 pts) A researcher studies the relationship between sales performance

of a lifc Insurance product and three indepcndent variables: ycars of
experience, hours of training, age. A multiple regression model is fitted
using data from 1,200 employees. According to the assumptions of mul-

tiple regression, which variable is required to have a Normal distribution

with constant variance ?
(a) Years of experience.
(b) Hours of training.
(c) Age.
(d) Sales performance of a life Insurance product

(e) All Variables.
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8. (Parameter-dependent integral) For a > —1, define

1
I{a) = / z*lnzdz.
0

(a) Compute I(a).
(b) Evaluate lig(l) I(a).

9. (Changing order of integration) Evaluate

1 g
dz dy
/0 /y 1+ 22

by reversing the order of integration.

10. (Interchanging summation and.integration) Consider

FSe)e

(a) Justify whether one may interchange sum and integral.
(b) Evaluate the resulting expression.
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Instructions

Answer all problems. Provide full reasoning and clear justification for each answer.

Problems: each 10 points

1. (Continuity and differentiability) Define

sinzx
T 07
f@={ ' °7

a, z=0.

(a) Determine the value of a such that f is continuous at z = 0.
(b) Determine whether f’(0) exists, and if so, compute it.

2. (Two-variable limit) Evaluate, and justify existence or nonexistence of,

z2y

li .
(m,y)lfﬁom A

3. (Series convergence) Determine whether the series

2 Inn
n=1
converges or diverges. Give reasons.
4. (Limit proof) Calculate the limit
———r
lim ————.
z—0 2

5. (Substitution integral) Evaluate the integral

/1111(1-{~az:)daC
| Taa 0

1+ 22

6. (Double integral) Compute
[[E+vaa,  D={@yle20y20s+y<1)
D

7. (Uniform convergence and differentiation) Let
falz) =

(a) Find the pointwise limit f(z).
(b) Determine whether {f,} converges uniformly.
(c) Discuss whether limit and differentiation may be interchanged.
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G 104> (F 6B

HHBERY (MGF) M(t) (BER (F3), BHE—KMS M'(0) ERTHH
(), ZWHor M"(0) S _FEBIZE (E[X7]).

: M(t)zE[etX]:/_ooetxf(x)dx B ZetzP(sz)

. EREZREH B R CGF

- Ko(t) = log(M(t))
, BPRMCBRBION — R K(0) « % K(0).

BHERESE (Normal distribution) 1) MGF, CGF, #|5 CGF srEFSEME
HE.

1 _(z=w)?
€ 202

X~ N(p,o®), flz)=

2rg

B BB (Exponential distribution) # MCF, CGF, #f CGF #t&EV#{4
FIRHEZ |
X (zf)) £ 2e B, k0

B Gamma 43 (Gamma distribution) 1 MGF, CGF, #|H CGF #r&FIE
MRHEZE . :
J (x50, 8) = Pfa) oo, g 50

SHE Y B R 8B (Lognormal distribution) HISFIMEFIEREZE.
(478 40 &) Bk = = {1,2,3,4}; vy = {2,5,5,8}. EEIE AT H/ME:

(a) BHABR/PDFFEBLERFER §= 6+ fic.

(b) #H# SSR, SSE, SST.

(c) SRR M ER B AN ERNESRFER (normal equation),

d) #FE H s R 3t e (projection matrix) P,
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3. Consider an open economy described by the following equations:

Y=C+I+G+NX
C =180+ 0.65(Y = T)

I =350 — 40r
G =200
T =150

NX =120 - 0.1Y + 15¢

where Y is GDP, C is consumption, [/ is investment, G is government purchases, T is taxes, 7 is
the interest rate, NX is next exports, and ¢ is the real exchange rate (an increase in ¢ means a
depreciation). Suppose the full-employment level of GDP is Y* = 2000.

a. (10 points) Supposc the central bank keeps the intercst rate fixed at r = 4 and the real
exchange rate is ¢ = 1. Solve for equilibrium GDP. Ts the economy above or below full employment?
Please show your calculation.

b. (5 points) Assuming no change in monetary or exchange-rate policy, by how much would
GDP have to change to restore full employment? Please show your calculation.

c. (5 points) Instead, suppose fiscal policy does not change. What change in the real ex-
change rate ¢ would be required to restore full employment (interpret your result as appreciation
or depreciation)? Please show your caleulation.

4. Suppose that an economy has the Phillips curve
Ty = Mp—1 — OS(Ut s 004)

where 7, is the inflation rate at time ¢ and u, is the unemployment rate at time ¢.

a. (3 points) What is the natural rate of unemployment? Briefly explain your answer.

b. (7 points) Graph the short-run and long-run relationships between inflation and unemploy-
ment implied by this Phillips curve. Clearly label: (i) the horizontal axis, (ii) the vertical axis. and
(iil) the point at which the short-run Phillips curve intersects the long-run Phillips curve.

c. (5 points) Compute the sacrifice ratio in this economy. Clearly explain your calculations.

d. (5 points) Suppose the current inflation rate is 10 percent. The central bank aims to reduce
inflation to 5 percent. How much cyclical unemployment is necessary to achieve this reduction in

inflation? Clearly explain your calculations.
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20. If the Fed conducts open-market operations and sells short-term government bonds, the money
supply

A. increases and aggregate demand shifts right.

B. increases and aggregate demand shifts left.

C. decreases and aggregate demand shifts right.

D. decreases and aggregate demand shifts left.

I1. Problems and Short-essay Questions

1. Suppose that the inverse demand function is p = 10 = @) and the inverse supply function is
p=1+2Q.

a. (8 points) Calculate the incidence of a specific tax of $1 per unit falling on consumers.

b. (8 points) What are the corresponding price elasticities of demand and supply in the pre-tax
equilibrium?

c. (4 points) Now suppose that the inverse demand function is given by p = 10 — bQ and the
inverse supply function is p = 1+dQ. Calculate the incidence of a specific tax of $1 per unit falling
on consumers as a function of b and d.

2. A monopolist firm has two identical factories, 1 and 2. Bach factory has cost g2, where ¢; stands
for factory i’s output, ¢ = 1,2. If a factory produces any positive output, the firm must pay a fixed
tax of $2 for that factory. Let total eutput be Q=g +qs.

a. (10 points) What is the cost function of the firm?

b. (10 points) Suppose the firm can identify two isolated markets, A and B, with demand
functions

PA:5'—QAJ
1
PB:E)—EQB.

Please calculate the equilibrium price and quantity in each market.
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15. Consider a small open economy with free capital mobility and a floating exchange rate. If the
government increases its budget deficit (holding everything else constant), what is the most likely
effect on the interest rate, net capital flows, and the real exchange rate?

A. Domestic interest rate rises; capital inflow increases; domestic currency appreciates.

B. Domestic interest rate rises; capital outflow increases; domestic currency depreciates.

C. Domestic interest rate remains unchanged; capital inflow increases; domestic currency ap-
preciates.

D. Domestic interest rate remains unchanged; capital outflow increases; domestic currency
depreciates.

16. Which of the following definitions is correet?

A. Labor force = number of employed.

B. Labor force = population — number of unemployed.

C. Unemployment Rate = (nmumber of unemployed <+ adult population) x 100.

D. Unemployment Rate = (number of unemployed =+ [number of employed + number of
unemployed]) x 100.

17. People will want to hold more money if the price level
A. or the interest rate increases.
B. or the interest rate decreases.
C. increases or the interest rate decreases.
D. decreases or the interest rate increases.

18. The Fisher equation states the long-run relationship between nominal interest rate, real interest
rate, and the inflation rate. Suppose that the Fisher equation holds and that monetary policy is
neutral in the sense that it has no nupact on the real interest rate in the long run. Then given
that the real interest rate is fixed over time, if the central bank increases the nominal interest rate
target, how will the inflation rate respond in the long run?

A. Increase

B. Decrease

C. Unchanged

D. Uncertain

19. An increase in expected inflation shifts
A. the long-run Phillips curve right.
B. the short-run Phillips curve right.
C. neither the short-run nor long-run Phillips curve right.
D. both the short-run and long-run Phillips curve right.
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10. Regarding the “tragedy of the commons,” which statement is incorrect?
A. Rivalry in the use of the resource is the main cause of the problem.
B. It is an example of the prisoner’s dilemma.
C. Limiting access to the common resource can alleviate the problem.
D. The government may use a cap-and-trade policy to address the problem.

11. In the base year, consumers buy mostly beef. In the current year, beef prices rise sharply, so
consumers switch to chicken (which did not rise in price). Assume the CPI is calculated using a
fixed basket, while GDP deflator uses current quantities. Which statement is MOST likely true?

A. CPI and GDP deflator both overstate inflation equally.

B. CPI overstates inflation more than GDP deflator.

C. GDP deflator overstates inflation more than CPT.

D. Both CPI and GDP deflator correctly measure inflation.

12. A country imports most of its consumer electronics. Due to a global chip shortage, import
prices of electronics rise by 30%, while domestically produced goods barely change in price. No
major change occurs in quantities produced. What happens?

A. CPI rises significantly; GDP deflator rises little.

B. GDP deflator rises significantly; CPI rises little.

C. Both rise significantly.

D. Neither rises significantly.

13. In the simple Keynesian cross model with exogenous investment, the government requires
households to deposit part of their income into restricted mutual-fund accounts for their children,
and these funds are not used to finance any current domestic physical investment (they are held
purely as financial asscts for futurc usc). What _happens to current output?

A. Current output rises because higher saving leads to higher investment.

B. Current output falls because consumption decreases and investment is exogenous.

C. Current output does not change because only government spending matters.

D. Current output rises because mutual-fund purchases count as investment in GDP.

14. U.S. inflation this year is 5%, and Taiwan’s inflation is 2%. Assume relative PPP holds, so the
real exchange rate remains constant. What should happen to the nominal exchange rate? Let the
exchange rate be quoted as NT dollars per U.S. dollar (NTD/USD).

A. NTD/USD should rise by about 3%.

B. NTD/USD should fall by about 3%.

C. NTD/USD should not change.

D. The direction cannot be determined.
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D. Danny buys fewer Snickers at $1.5 per bar after the price of Skittles falls to $1 per bag.

6. In the long run, the toothpaste market is monopolistically competitive, and WhiteMan is one
of the firms. WhiteMan’s long-run cost function is ¢(q) = ¢°* — ¢ + 14¢. The firm faces demand
g=>5-— %p. What is z7?

A3

B. 4

C.5

D.6

7. There are four residents 7 =1, 2, 3, and 4 in a small village. If resident ¢ donates d; dollars,
total public funding is D = " d;. Resident4’s utility is U; = m, — d; + 1 - In(D), where m; is the
money resident ¢ has and m,; > 6 for all 4. What is the socially optimal level of D7

A8

B. 10

C. 12

D. 14

8. Demand for bubble tea is g = 42 — 2p, and supply is ¢, = 0.5p — 2. Consumption causes an
obesity external cost ¢, = 3¢>. Which policy achieves the social optimum?

A. Close the bubble tea market.

B. For every bubble tea consumed, the customer pays the bubble store 12 dollars more.

C. For every bubble tea produced, the bubble store pays 12 dollars to the government.

D. Set a quota equal to ¢ = 3.

9. Consider the game in the payoff matrix.

Player 2
B
Player 1 | B | (2,1) | (0,0)
T |(0,0) | (1,2)

Which the following description is wrong?
A. There are 3 Nash equilibria.
B. In the mixed-str‘ategy Nash equilibrium, all players get less than 1.
C. If player 1 moves first, (2, 1) can be the Nash equilibrium payoff.
D. If player 2 moves first, (2, 1) cannot be a Nash equilibrium payoff.
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I. Multiple Choice (1 points each)
Identify the letter of the choice that best completes the statement or answers the
question.

1. Suppose the introduction of new tariffs on imported ovens not only raises the prices of imported
ovens but also those of domestic ovens. We can conclude that imported and domestic ovens are
A. substitutes.
B. complements.
C. unrelated.
D. None of the above is correct.

2. According to consumer theory, “if consumers do notbuyv less of a commodity when their incomes
rise, they will

A. surely buy less when the price of the commodity rises.”

B. surely buy more when the price of the commodity rises.”

C. surely buy less when the price of the commodity falls.”

D. either buy more or less when the price of the commodity rises.”

3. People with hidden health problems are more likely to buy health insurance than are other
people. This is an example of

A. moral hazard and makes the cost of health insurance higher than otherwise.

B. moral hazard and makes the cost of health insurance lower than otherwise.

C. adverse selection and makes the cost of health insurance higher than otherwise.

D. adverse selection and makes the cost of hiealth insurance lower than otherwise.

4. Ben has a concave utility function U(W) = W% where W denotes his wealth. His only asset
is shares in a start-up company. Tomoerrow he will tearn the stock’s value. He believes that it is
worth $144 with probability ; and $100 with probability 3. What is the risk premium he would
pay to avoid bcaring this risk?

Al

B.2

C. 10

D. 12

5. Which of the following demonstrates the law of demand?
A. Ashlyn buys more apples at $3 per pound than at $5 per pound, other things equal.
B. Brian buys fewer croissants at $1 per croissant than at $2 per croissant, other things equal.
C. After Charles got a raise at work, he bought more pretzels at $2 per pretzel than he did
before his raise.
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