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M.LT. ID# Section:

(10:30-12:00pm = C, 1:30-2:00pm = D)

15.401 Midterm Exam
A. Verdelhan

Fall 2010

Please make sure that your copy of the exam contains 21 pages (including this one).

Please write your name and MIT ID number on every page.
Check your section number.
The exam lasts 80 minutes. It consists of five questions. Please answer all of them.

Credit for each question is suggestive of the amount of time you should spend on it (1
point = 1 minute). Therefore, do not agonize over a 10-point question without having
tackled a 20-point question.

You are allowed one 8%” x 11" sheet of formulas and one calculator.
Answer these questions without consulting anyone.

Use the space provided. If more space is needed, use the extra space provided at the
end of the exam.

Be neat and show your work. Answers without work receive no credit. Wrong answers
with partially correct work may receive partial credit.

Good luck!
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1. (24 points) True, false or “it depends”? Give a brief explanation for each answer.

(a) (4 points) “The return from a one-year CD (Certificate of Deposit) that offers a
10% APR with semiannual compounding is higher than the return from a one-year
CD that offers a 10% EAR.”

(b) (4 points) “If the net convenience yield of a future contract is positive (storage
costs are low and convenience yields are high for example), futures price will be
higher than the spot price adjusted for the time value of money.”
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(c) (4 points) “Assume a flat term structure of interest rates. Rising interest rates
will shorten the duration of a coupon bond.”

(d) (4 points) “According to Bloomberg, the yield curve on October 26, 2010 is
upward-sloping (spot interest rates increase with maturity). This implies that
investors expect the Federal Reserve to raise short term interest rates in the fu-
ture.”
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(e) (4 points) “If next year’s expected dividend payment of companies A and B are
the same and the expected dividend growth of company A is higher than the
expected dividend growth of company B, then company A must have a higher
price than company B.”

(f) (4 points) “If an investor purchases a two-year bond (with annual coupon pay-
ments), holds it to maturity and reinvests all coupons at the appropriate forward
rates determined today, then she will receive an annualized return equal to today’s
two-year spot rate.”
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2. (16 points) Three institutional investors, A, B and C, hold portfolios of risk-free bonds.
The value of these portfolios and their payoffs are as follows:

Portfolio | Value ($) | Payoffs
A 667,572 | $700,000 in two years
B 772,929 | $300,000 in one year, $500,000 in two years
C 45,614 | $550,000 in one year, -$550,000 in three years

(a) (4 points) Infer the one-, two-, and three-year spot rates from the information

given above.
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(b) (4 points) Company D expects a cash inflow of $100, 000 at the end of Year 1 but
has no need for it until the end of Year 3. What can it do to lock in an interest
rate between years 1 and 3 (assume forward contracts are available)? How much
will it have three years from now?
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(c) (8 points) Trader E observes that a two-year risk-free bond with a face value of
$100 and an annual coupon rate of 3% is priced at par (face value) in the market.
Is there an arbitrage opportunity for this trader? If so, detail an arbitrage strategy
using this bond and portfolios A, B, and C that yields a positive profit of $10, 000
today (assume these portfolios can be bought and sold in the market).
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3. (13 points) MANE Co. is a New England supermarket chain with a cost of capital of
10%. The company is public with 1 million shares outstanding and the investment cost
of opening a new supermarket is $6 million. Each of its current supermarket stores
has a return over investment of 12% per year. Today (¢ = 0), the market expects that
earnings per share (EPS) for next year (¢ = 1) will be $10.

(a) (4 points) At t = 1, MANE Co. expects to have the possibility to invest in one
new supermarket to be opened in the coming year (¢ = 2). What should be the
plowback ratio b at ¢ = 1 to finance this new store investment?
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(b) (3 points) If MANE Co. is able to keep expanding its business at the same pace as
in t = 1, so that both the plowback ratio b and the return over investment remain
constant forever, what is the present value of its growth opportunities (PVGO)?

10
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(c) (3 points) CNBC just announced that Kwik-E-Mart, an international supermarket
powerhouse, will enter the New England market immediately. This is expected to
drive the return over investment for all the stores of MANE Co. down to 8% per
year permanently. Keeping the plowback ratio from part a, what is the PVGO
now?

11
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(d) (3 points) Based on part c, is it a good idea for MANE Co. to open new super-
markets? Why?

12
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4. (15 points) You manage a pension fund, and your liabilities consist of three payments
as follows:

Payment Amount Maturity

i $5M 5 year
2 $T™M 10 year
3 $12M 15 year

The current yield curve of riskless bonds is flat at 6%.

(a) (3 points) What is the present value (PV) of your liabilities?

13
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(b) (3 points) What is the duration of your liabilities?

14
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(¢) (4 points) If interest rates increase by 25 basis points (100 basis points = 1%),
by how much approximately would the value of your liabilities change? (Note:
assume that the whole curve increases by 25 basis points.)

15
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(d) (5 points) Suppose that your pension fund is fully funded: the plan has a cash
amount equal to the PV of its future liabilities. The fund can invest in a 1-year
zero coupon Treasury bond and a 30-year zero coupon Treasury bond. What is
the fraction of the cash you would like to invest in each of these two bonds so
that the pension fund is immunized from small interest rate variations?

16
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5. (12 points) You own the right to exploit a copper mine. The followings are the forward
prices for copper at the end of October 2010, along with the corresponding annualized

interest rates:

| Date (End of month) | Jan 2011 | October 2011 | Jan 2012 |
Forward Price (US dollars / pound) | 3.7860 3.7915 3.7625
Spot rates 0.13% 0.18% 0.22%

The spot price of copper is $3.7750 per pound.

(a) (4 points) Compute the net convenience yield (as an effective annual rate) of cop-
per for each of these maturities using the market information provided above.

1l
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(b) (4 points) Your expert engineer estimated that the production of copper should
be 369,890 million pounds at the end of January 2012 (this is the only date with
production), and that your costs are given by the following table:

| Date (End of month) | Jan 2011 | October 2011 | Jan 2012 |
| Cost (Millions of US Dollars) | 323,864.80 | 323,864.80 | 539,774.67 |

Your opportunity cost of capital is 12%.

What is the present value of your business if you fully hedge the risk of copper
price fluctuations using forward prices?

18
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(c) (4 points) Assume that you decided to fully hedge the risk of copper price fluctu-
ations. If at the end of January 2012 the spot price of copper is $3.40 per pound,
how much would have you gained or lost at that time?

19
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Extra space
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Extra space
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Last Name: First Name:

M.I'T. 1D br S.5.3-

Section C (MW 1:00-2:30pm): — Section D (MW 10:00-11:30am):

15.401 Midterm Exam

Professor Joslin
Spring 2008

Instructions:
e Please fill in your name, ID number, and check your section number.

e The exam lasts 80 minutes. It consists of six questions. Please answer all of them.
Questions 4(d) and 6 are bonus questions.

e Credit for each question is noted below. The maximum score is 100 points. Bonus
points increase your score to a maximum of 100 points.

Question | Points Possible | Points Received

1 20
2 20
3 20
4 25
5 15

Bonus 10 (3/7)

Total 100

e You are allowed one 8%” x 11”7 sheet of formulas and one calculator.
e Answer these questions without consulting anyone.
e Use the space provided. If more space is needed, use the other side.

e Be neat and show your work. Except where stated, answers without work receive no
credit. Wrong answers with partially correct work may receive partial credit.

e Allocate your time optimally.

Good luck!



1. (20 points, 2 points each) Circle True or False. No explanations are necessary.

(a)

(b)

(f)
()
(h)
()

()

True or False. A problem with the discounted cash flow model is that while it
takes into account the timing of cash flows, it does not take into account their
riskiness.

True or False. Shareholders of a firm in general would like to have more money.
They may also prefer money at certain times. Firm management should take
shareholders’ desire for money at certain times into account when deciding in-
vestment and dividend policy.

True or False. A certain coupon bond has a modified duration of 7.8 years. A
hedge fund has a long position in the coupon bond worth $10 million. A short
position of $5 million of 4 year zero coupon bonds would provide a reasonably
good hedge against small changes in the level of interest rates.

True or False. The default premium for investment-grade corporate bonds is
usually lower than the default premium for junk bonds.

True or False. If the yield curve is upwards sloping (i.e. spot rates are higher for
higher maturities), it must be that it is expected that interest rates will rise in
the future.

True or False. Equity is a residual claim in the sense that equity holders have
claim to to a firm’s assets and cash flows only after debt holders are paid.

True or False. The DCF model for valuing stocks applies only if the buyer intends
to hold the stock long enough to collect all future dividends from the firm.

True or False. Depreciation is import to consider in valuing an investment project
because it results in a cash flow through a tax credit.

True or False. The present value of growth opportunities (PVGO) can only be
positive only if a firm earns more than the cost of capital. That is, only if the
return on equity (ROE) is higher than the cost of capital.

True or False. Both a 2-year and 10-year treasury will have the same return in
any given year because they are both riskless fixed income securities.



2. (20 points)

On a job interview, you were handed the following quotes on U.S. Treasuries:

Bond

Maturity (years)

Coupon Rate

Yield to Maturity

|
2
3

1
2
3

5%
5%
0%

4.5%
5.0%
5.5%

Assume that the par value is $100 and coupons are paid annually, with the first coupon
payment coming in exactly one year from now. The yield to maturity is also quoted

as an annual rate. You are then asked the following questions:

(a) (8 Points) What should be the price of a bond with a maturity of 3 years and
coupon rate of 5%, given the above information? (Note: this is a different bond

than the 3-year bond in the table.)

(b) (4 points) What should be the 1-year forward rate between years 2 and 3?




(c) (4 points) What is the modified duration of a bond portfolio with 30% invested
in bond 1 and 70% invested in bond 37

(d) (4 points) How much would the value of the portfolio in (¢) change if the yields
of all bonds increased by 0.15%7



3. (20 points) A consol bond is bond which pays perpetual coupon payments and no
maturity. Suppose that the term structure is flat at 10%. Also, assume that there is
no risk of default.

(a) (10 points) Compute the price of a consol bond promising annual payments of
£1. Assume that the first payment is exactly 1 year from now.

(b) (5 points) If interest rates rise by 1 basis point to 10.01%, will the value of the
consol bond rise or fall?

(c) (5 points) Compute the new value when interest rates are 10.01%.



4. (25 points) Texas Western (TW) has a current book value per share of $10.00. During
the next four years, Texas Western has a return on equity of 20%. Texas Western plans
to maintain a payout ratio of .50. After year 4, TW will lose its competitive advantage
and the firm’s ROE will drop to 5%. Firm management has decided in this case the
best thing to do will be to liquidate the firm and payout the entire firm value as a
dividend. That is, the dividend in Year 4 will be equal to all of the earnings in year 4
plus the BVPS in Year 3, there will be no further cash flows or investments from TW.
The cost of capital for TW is 10%.

(a) (10 points) Complete the following table:

Year 0 1 2 3 4
EPS -
Investment -
Dividend -
BVPS 10
PV of Dividend E

Note that in Year 4, the firm will have a negative investment (since it is selling
assets, not buying them) equal to the BVPS at the beginning of the year.

(b) (5 points) Compute the share price of TW at ¢ = 0.



(c) (10 points) Suppose that TW increases the payout ratio to .7 and the ROE
remains at 20%. Will the value of TW increase or decrease? Justify your answer.
You may use computations to support your answer, but for full credit you must
explain your answer intuitively.

(d) (3 bonus points) Do you agree or disagree with management’s decision to lig-
uidate the firm when the ROE drops to 5%? Explain why.



5. (15 points) XYZ Software is considering investing in developing a new software pro-
gram. This will require XYZ to invest $500 million in year 0 to build a new development
center. For tax purposes, this investment can be depreciated over 10 years with straight
line depreciation. The software is anticipated to generate pre-tax profits of $100 million
every year for the next 10 years. Additionally, beginning in year 1, $50 million will
be required in working capital which will be fullly recovered at the end of life of the
software in year 10. XYZ’s tax rate is 40%.

(a) (7 points) Fill in the table below which summarizes the cash flows and accruals
of XYZ in years 1 to 10.

Year | Investment | Working | Operating | Depreciation | Taxes | After-tax

Capital | Revenue Cash Flow
0
1
2
3
4
5
6
7
8
9
10




(b) (8 points, 2 points each) Suppose that XYZ is considering another project and
after analysis, have concluded the following information:

Original Project | New Project
IRR 8.5% 9.7%
NPV $100.8M $39.8M
Payback Period 7 6

e According to the IRR criterion, which project should be done?

e According to the NPV criterion, which project should be done?

e According to the Payback Criterion, which project should be done?

e Which project would you recommend XYZ to invest in?



6. (Bonus: 7 points) XYZ Financial Innovations plans to introduce a new financial
contract. The contract allows one, for a price, to commit to buy a coupon bond in the
future at a fixed price. The contract is as follows:

e At initiation (¢ = 0), purchasers of the contract pay a premium, p.

e XYZ becomes obligated to sell a coupon bond in exactly 1 year for $100. Specif-
ically, the purchasers of the contract must pay XYZ $100 in year 1 and at that
time XYZ must in turn deliver a 2-year coupon bond which pays annual coupon
payments of $5 with principal of $100.

e This is an obligation — in one year, the contract purchases must pay $100 and
XY7Z must deliver the coupon bond.

XYZ is willing to both buy and sell this contract at the given premium p. Suppose
the term structure of spot interest rates is flat at 3%. (The spot yield is 3% for all
maturities.)

Assume also that all cash flows are riskless.

(a) (1 point) Create a table with the cash flows at ¢ = 0,1, 2, 3 for a long position
in XYZs contract as well as a 1-, 2-, and 3-year zero coupon bonds.

(b) (1 point) Construct a portfolio of zero coupon bonds positions (long & short)
that has the same cash flows as XYZs contract in years 1,2, and 3.

11



(c) (2 point) What should p be?

(d) (1 point) Suppose that XYZ is willing to both buy and sell the contract for $1.
In exactly 4 words, describe how you can make money based on this price.

(e) (2 point) Describe explicitly how you can construct an arbitrage.

12
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