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Last Name: First Name:

M.LT. ID# Section:

(Verdelhan: 2:30-4 = A, 4-5:30 = B; Manso: 2:30-4 = C; Milbradt: 8:30-10:00 = D, 10:00-11:30 = E)

15.401 Final Exam J C)—
Spring 2010

Please make sure that your copy of the exam contains 30 pages (including this one).

e Please write your name and MIT ID number on every page.
e Check your section number.
e The exam lasts 180 minutes. It consists of ten questions. Please answer all of them.

e Credit for each question is equal to 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.

e You are allowed two 8%” x11” sheets of formulas and one calculator.
e Answer these questions without consulting anyone.

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

e 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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Name: MIT ID#:

1. (30 points) True, false or “it depends”? Give a brief explanation for each answer.

(a) (5 points) “If the corporate tax rate decreases from 30% to 25%, future after-tax cash-

flows from a project always increase.”

T( Y

ka@zalfﬂra b?rﬂ/}‘j , § (r.?(f_,r‘ed

C) ’; A { (M

Rkt J Ty bad w o cesf

(b) (5 points) “A firm has invested $10M in a project. If the present value of future cash
flows from the project is less than $10M, then the manager of the company should
abandon the project.”
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(c) (5 points) “According to the CAPM, 1f a security’s beta is negative, then its expected
return must be negative.”
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(d) (5 points) “According to the Expectations Hypothesis of the term structure, the 1-year

rate today equals the expected one-year rate next year.”
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(e) (5 points) “An airline company knows it will need 1000 gallons of fuel for next year.
Because the company has no cash available today, it cannot use @ d contract to
hedge the price risk of fuel.”

Ty ~ 1o cash  potd
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(f) (5 points) “The value of an at-the-money option is zero.”

/1) l/u/’\“f o qF- Tre ~m é,qg 7
L .
J{! .I 0 {" 'j 1 F

6(/?:%.’;?}-4 g f; ﬂﬁ W
( b
TM o resty Exfring

Oﬂqrm{(&e (Q/H Ve i e it ‘
& & [fb[ I /7\0((7}]}



Name: MIT ID#:

2. (15 points) 9{/49 ((f(‘/J

Jack and Jill just had a baby @) and have decided to start saving money for the baby’s
college education. Every year on the baby’s birthday, Jack and Jill will make a deposit to a
savings account that yields my."rhe first deposit will be next year (when the baby
turns 1) and the last deposim' when the baby turns 17. College will require four annual
tuition payments with the first one coming on the day the baby turns 18. The annual cost of
college tuition was $40,000 in the year that just finished, and experts expect this cost to rise
at 5% annually for the foreseeaWy do Jack and Jill need to save
each year in order for their savings to completely pay for their child’s education?
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Name: MIT ID#:

3. (20 points) (O H L‘Lui. L:!'o'}*"j
Pearson Mobile is expected to earn $2.5 per share next year. In the past, the company
invested 10% of its earnings into R&D projects that typically generated ROE = 10%, and
paid out the rest as dividends. Pearson’s stock is currently trading at $22.50.

f""‘:C}’,{, (1} /

(a) What is the company’s cost of capital?~ (I: (/ Vi (i
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Name: MIT ID#:

(b) Pearson Mobile has recently hired a new management team who has a track-record of
focusing on technological development. Your broker advises you to buy more Pearson
stocks, as Pearson will soon get a competitive edge against its industry peers by investing
more heavily into R&D. How should you react to his recommendation?
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ks MIT ID#:

(c) Calculate Pearson’s PVGO. Is Pearson a growth firm? Justify your answer.
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Name: MIT ID#:

(d) Toady in a press conference, Person’s top executives announce that the management
team chooses an optimal plowback ratio. How much can you expect the stock price to
:'-*
jump immediately after the announcement?
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Name: MIT ID#:

4. (15 points) {o(w(}() T f(/{yf s

The current price for silver is $20/ounce. Suppose that there is no storage cost or convenience

yield. The 6-month forward price is $20.5/ounce. !
o~ / L[ cseltss iafe
(a) Suppose [that the 6-month interest rate is expected to go down by 1% (EAR) in 3
months. at is the 6-month spot interest rate ow?
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Name: MIT ID+#:

5
Le
o i"97! fnC{L!(""{ f
(b) At time 0, Jim enters into a forward contract to sell 1000 qunces of silver in 9 months.

After 3 months have passed, silver turns out t?ﬁhig demand and the spot price

goe to $30/ounce. The 6-month interest rate is now Wzﬂ rate). Jim (,CL(Q |
is concerned’:{BﬁE the price of silver going up further and he decides to exit the contact ’}b ﬂm(‘
that he entered into 3 months ago. After closing out his position, Jim sees that he has

made a loss of $9,657.44. What was the forward price of silver in the 9-month contract O/ (“ (e F/‘/)
that Jim originally entered into? '
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Name: MIT ID#:

(c) Back at time 0 (when Jim originally entered into his 9-month contract), the spot price
for soy beans was $1/bushel and the 9-month storage cost was 2% (not annualized). Soy
beans have no convenience yield. Making use of the information in part (b), calculate

the 9-month forward price for soy beans (from the perspective of time 0).
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Name: MIT ID#:

5. (20 points) ’h@w Vlslian: &

{
The yield curve is flat at 5% (EAR) per year and only shifts up and down over time. All
bonds have face value of $100 and are fairly priced.

(a) What is the price and duration of a three-year bond with annual coupons of 6%?

V-0 6, o
WS) (05T (Los)?
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Name: MIT ID#:

(b) A three year bond @coupom trades in the market for the same price as
the bond in (a). Explain qualitatively how its duration compare to the bond in (a) and
why. (You are not required to calculate its pricem

1 ]
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Name: MIT ID#:

(c) A ten-year bond with annual coupons of 4% last year becomes a nine-year bond today.
. R ; —

Suppose that thecprice sensitivity of the latter to interesm is actually higher

than the f()}&LJNh&i: can you say (qualitatively) about the change in the yield curve

over the past year? Explain your answer.
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Name: MIT ID#:

(d) Two years ago, the yield curve wa@ 7%. At that time, you purchased a 30-year
bond with 7% annual coupons at par. The yield curve has since declined. One year ago
it was at 6% and it is now at 5%. If you have re-invested your coupons at the available

spot rates, what is your annualized holding period return for the past two years?
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Name: MIT ID#:

6. (20 points)

There are two risky assets A and B in the market with the follow}g%isk and return charac-
teristics summarized in the table below. The risk-free rate is r §_2)%)

Asset | E(7) Cov.| A B
A 6% A [ 0.010 0.006
B 14% B 0.040

(a) What is the expected return and the standard deviation of returns of a portfolio with
60% in A, 15% in B and 25% in the risk free asset?
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Name: MIT ID#:

(b) Is the portfolio described in part (a) on the Capital Market Line (CML)? (Hint: Think

of Sharpe ratios.) 1"‘0& w 0 7(
Would Nﬂ‘ pa-e !
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Name: MIT ID#:

(c) Suppose now o tnapket portfolio exists (ignore assets A & B). Consider a mean-variance

efficient portfolio that has weight 50% on the market portfolio. What is the correlation
between the returns of this portfolio and the mar%et returns?
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Name: MIT ID#:

8. (20 points)

The annual interest rate is G\(L%) The stock price of Midas Internet Technology (MIT)ls $50.
The share price is to evolve according to the binomial tree shown below over the two
years.

$60
! l""
/ \ %50 6{/%‘“, UM

$50 41 MY F{f{p
$40 i/

(a) What is the price of an European @p’cion on MIT with a strike price of $60 and a

————
time-to-maturity of two years7
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Name: MIT ID+#:

7. (10 points)

Suppose the term structure of interest rates is flat at 5%. Two-year European call option
and put option on Giggle Inc. with a strike price of $100 trade for $40 and $30, respectively.

Determine the share price of Giggle Inc. — R
B%momm%“ (
f
No PL! . PW‘}{ Gk P
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Name: MIT ID#:

(b) What is the price of an American put option on MIT with a strike price of $60 and a

time-to-maturity of two years?

D 3t by At i
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Name: MIT ID#:

. (15 points)

Go Sushi is a new chain of fast food restaurants. The company franchises its stores. Today
each franchise has a market value of $400,000. This is the price an owner of a franchise can
obtain if sells his franchise to another person. One year from now each of the company’s
franchises will have a market value of either $720, 000 or $240,000. The probability that the
market value of each franchise in a year will'be $720,000 is 75%, and the probability that
the market value of each franchise will be $240, 000 is 25%. This is shown below:

<% _» 720,000
P{\\/ On /

$400,000
i e $240,000

Go Sushi offers two plans for buying franchises. In Plan A, the company simply sells a
franchise today for $400,000 and the buyer takes the risk that the franchise will only be
worth $240,000 in one year. In Plan B, the company sells the franchise today at a higher
price than $400,000 but guarantees that the company will be prepared in one year to buy
back the franchise at a price of $400,000. Under Plan B the franchise owner is noﬁl?ﬁgzjc&l
to sell the franchise back to thm in one year at $400, 000, but he can choose to do
so if he wants. Assume that the guarantee is transferable when a franchise is sold. This
means that if someone sells a franchise purchased under plan B, the guw@ransferred
to the new owner. Assume one can borrow or lend $100 today for a riskless amount of
5108 delivered in one year (i.e., that the riskless interest rate IS 8%) Given the information
provided, what is the market value (today) of a franchise purchased under plan B (which

includes the guarantee)?
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Name: MIT ID+#:
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10. (15 points)

Suppose you are considering pricing two assets, A and B. The table below summarizes the
expected return of the market and the covariance of future returns of A, B and the market
M. The risk-free rate is rf = 2%

ﬁA’ C”‘///'mfm) 7 P e o /\ﬁh b o lejg

DL N LO Asset
5 M ] 0.040 0.040 0036
Offl oq /;%) A 0.090 0.000 o ﬁ,%/ Can
? B 0.160 Yoo be .
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Name: MIT ID+#:

(c) Suppose the covariance between the returns of asset A and B changes from 0.000 to 0.030
(but everything else remains the same). What is the correlation between the returns of

A and B now? Will this change any of the expected return relationships derived in (a)?

M/]crj Q/a on /ogb{(’ Yo

(u{/:f
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-

(b) What is the riskier asset in an expected returr sense, A or B? Does this square with the
assets’ standard deviations? Explain.

% B /\09 ’014/0/ (‘_17//(/.; ’%ﬂ( }j%m Wﬁ/(‘ﬁ/
éOOL‘ r?U( A/A g7 /M}O

\os B 15 coser
A ruldec —hghe L hyhe Er)
[OML[M/ léo 0‘; 6(53 /t“glgf 0
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(e) (5 points) “According to the CAPM, if a security’s beta is negative, then its expected

1. (30 points) True, false or “it depends”? Give a brief explanation for each answer, return must be negative.

Laﬂcnﬂ.u
(a) (5 points) “If the corporate tax rate decreases from 30% to 25%, future after-tax cash-
flows from a project always increase.” False. According to CAPM, if a securities beta is negative, then its expected return
q must be lower than the risk free rate.
Answer:

False. After tax cash flows are given by Common Mistakes:

Example: “Under the CAPM, beta measures the covariance of a security with the
Op Income = (1 — 7) + Depr = 7 — Capex overall market. So if the market were to go down, this security would go up, leading to

e . a potentially positive return.”
A lower tax rate will increase the after-tax operating income, but will also decrease B e

the effects of the depreciation tax shield. Depending on the relative magnitude of the Though this answer defines heta correctly (for the most part), it is not a valid answer

e e : to this question. The question is asking about expected return, not a re 1 r-
operating income and depreciation, the after tax cash flows may not increase. q q lon g P y A return on one pa

. . . Gasils i ticular observation. The expected return on the market portfolio can never be negative
The following alternative answer is also correct. If the operating income from the project :
2 : 3 . : : (or even below the risk [ree rate).
is negative (a loss), then decreasing the tax rate will result in less of a tax deduction

and hence more negative after tax cash flows.

Common Mistakes: The most common error we saw here was people who simply said (d

fad

(5 points) “According to the Expectations Hypothesis of the term structure, the 1-year

that after-tax cash flows might go up or down because a multitude of variables other rate today equals the expected one-year rate next year.”

than the tax rate might also be changing at the same time. This is does not constitute
an explanation of what is wrong with the question sentence, unfortunately. Answer:

False. According to the Expectations Hypothesis of the term structure, the 1 to 2 year

(b) (5 points) “A firm has invested $10M in a project. If the present value of future cash

~

flows from the project is less than $10M, then the manager of the company should forward rate today equals the expected one-year rate next year.

abandon the project.”
Answer:

False. The $10M already invested in the project is a sunk cost and should not be
considered when deciding to continue or abandon the preject. The manager should
abandon the project if the present value of future cash flows is less than 0.

Also correct, rarely seen addition: If some portion of the original $10M investment can
be salvaged (sold off), then the manager should abandon the project if the present value
of future cash flows is less than the salvage value of the investment.

Common Mistakes: A large proportion of the class got this wrong because they re-
sponded as if the $10M investment was still something that the firm was considering

undertaking, not an investment that had already been made in the past.



(e) (5 points) “An airline company knows it will need 1000 gallons of fuel for next year.

(f

=

Because the company has no cash available today, it cannot use a forward contract to

hedge the price risk of fuel.”
Answer:

False. A forward contract is an agreement to purchase or sell something (in this case
fuel) at some point in the future at a price agreed upon today. The airline company
would not require cash today, they would require it in one year when it comes time to
actually purchase the fuel. (This assumes that the counterparty of the airline allows
this forward contract to proceed without margin, which is the convention we have used

for forwards in this class.)
Common Mistakes:

Example: “False. The airline could obtain cash by borrowing money from a bank,
shorting a bond, etc. in order to purchase the forward.”
While it is of course true that companies have many ways of obtaining cash, the point

of the question was to recognize that no cash is needed to enter into a forward contract.

(5 points) “The value of an at-the-money option is zero.”
Answer:

While the value of an at-the-money option would be zero if it is currently expiring, if
there is time left to expiration then the option will have a positive value as there is
a possibility that the underlying security will move before expiry and the option will

finish “in the money.”
Common Mistakes:

Many people assumed that the option in question was at expiration. Unfortunately, the
question does not say the option is specifically at expiration (so you should consider all
possible scenarios, as the example answer does) and more importantly, we are generally
interested in the value of options before expiry. At expiration, the value of the options

is fairly obvious,

[ =]

Name: MIT ID#:

(15 points)

Jack and Jill just had a baby (today) and have decided to start saving money for the baby's
college education. Every year on the baby's birthday, Jack and Jill will make a deposit to a
savings account that yields 4% annually. The first deposit will be next year (when the baby
turns 1) and the last deposit will be when the baby turns 17. College will require four annual
{uition payments with the first one coming on the day the baby turns 18. The annual cost of
college tuition was 840,000 in the year that just finished, and experts expeet this cost to rise
at 5% annually for the foreseeable future. How much money do Jack and Jill need to save

each year in order for their savings to completely pay for their child’s education?

Answer:
Cuavings  _ __1 i Chuition % (1+ E;: B AH +WJJ 1
r 0 (L4 r—g N (L4 r)T
Cumings L 10K x (L4005 | 14005, 1
0.04 o000 =~ 004-005 ©  ‘T1+004 '[T+0047
..ne..:naﬁ_. _ 1 ) = $192, 835
0.04 (1+0.04)7
2, 835 i
ol $192, 835 x 0.04 — 515,851

savings
(=)

Common Mistakes:

Many people neglected to multiply the $40K tuition figure by 1.05'% on the right side
of the above equation. This would calculate the cost as if tuition starts at S40K in year
18 and then only starts growing during college.

Many people calculated the future value of tuition in each of the four years, summed
them together and then discounted that value by 18 years. This gives you an answer
that is pretty close, but it is a significant mistake. You can never take the sum of cash
flows that ocenr at different times.

Some people wrote # = g and then used the formula A/(1 + r) « T. You need to
be careful to understand the meaning of the different rates in the question. The four
percent savings account gives you r, the cost of capital. The g in the growing annuity
formula is the rate at which the college tuition is growing. They are not the same.
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3. (20 points)

Pearson Mobile is expected to carn $2.5 per share next year. In the past, the company
invested 10% of its carnings into R&D projects that typically generated ROE = 10%, and
paid out the rest as dividends. Pearson's stock is currently trading at $22.50.

(a) What is the company’s cost of capital?
Answer:

Set up the Constant Growth Model, and solve for cost of capital:

_ B x(1-1)

ﬁiﬂlwxmcm

25 %09
5 =
e e

Common Mistakes:

o The question clearly states “Pearson Mobile is expected to carn $2.5 per share next
year”. Some people misread the timing and caleulated E, = 2.5 x (1 + g).

(b

=

Name: MIT ID#:

Pearson Mobile has recently hired a new management team who has a track-record of
focusing on technological development. Your broker advises you to buy more Pearson
stocks, as Pearson will soon get a competitive edge against its industry peers by investing
more heavily into R&D. How should you react to his recommendation?

Answer:

You should ignore the broker’s recommendation, because ROE = 10% is lower than
r = 11%, the stock price can only collapse further if the management indeed chooses to
invest more intensively into R&D.

We also accept answers that claim the broker cannot have any inside information be-

cause EMH implies all available information has been priced in.
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(¢) Caleulate Pearson’s PVGO. Is Pearson a growth firm? Justify your answer. (d) Today in a press conference, Person's top executives announce that the management
team chooses an optimal plowback ratio. How much can you expect the stock price to
Answer: jump immediately after the announcement?
= B _ . 97 —[—
PVGO = Py - £ =225 - 22727 =[0.227 —

Pearson is not a growth company since ROE < r, PVGO < 0.
The optimal investment policy is to set b = 0 and payout all the dividends.

_E _ 25 _
Praz = - =% =22.727

AP = Py — Py = 2272 - 22.5 =(0.227

We also accepted answers that claim the price will not move because EMH implies
available information has been priced in, the market has anticipated the policy change.
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4. (15 points) (b) At time 0, Jim enters into a forward contract to sell 1000 ounces of silver in 9 months.
After 3 months have passed, silver turns out to be in high demand and the spot price
The current price for silver is $20/ounce. Suppose that there is no storage cost or convenience goes up to $30/ounce. The 6-month interest rate is now 4% (effective annual rate). Jim
yield. The 6-month forward price is §20.5/ounce. is concerned about the price of silver going up further and he decides to exit the contract
(a) Suppose that the 6-month interest rate is expected to go down by 1% (EAR) in 3 that he entered into 3 months ago. After closing out his position, Jim sees that he has
months. What is the 6-month spot interest rate (EAR) now? made a loss of $9, 657.44. What was the forward price of silver in the 9-month contract
that Jim originally entered into?
Answer:
Answer:
Interest rate movement does not affect current forward rate. Let 6-month EAR be r.
Then The G6-month forward price 3 months later is
F = S0+ F = 51+n)"
0.5
e = (E) - 12 s0625% SR
S = 30.5941
Comanin Merakex: where S, F and r denotes the spot price, forward price and spot interest rate 3 months
e Some students are misled by the useless information "...expected to go down by later.
1%”, which is meant to test whether they understand that the pricing of a forward
is through no arbitrage rather than expectation of future prices. Jim's forward contract, which was entered at time 0 to sell at forward price .m,. incurs a
» Some students are still not clear what is meant by EAR and confuse it with APR. loss. And if we mark to market, the loss is
(F-7) .
% x 1000 = -9657.44
F o= 965744 x (1+4%)"° + F
= 20.7454

Common Mistakes:

v_.._;n.

o Some students forget to divide by (1 + 4%)"® when evaluating the loss

o Some student raise (1+ 4%) not to the power of 0.5 (6 months). Some raise to
power of 1 and some to 0.75.

s Some students use the new spot price S ($30) instead of the new 6-month forward
price F(330.59) to evaluate the loss

11 12
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Back at time 0 (when Jim originally entered into his 9-month contract), the spot price
for soy beans was $1/bushel and the 9-month storage cost was 2% (not annualized). Soy
beans have no convenience yield. Making use of the information in part (b), calculate
the 9-month forward price for soy beans (from the perspective of time 0).

Answer:

Going back to time 0, we can infer the 9-month interest rate (not annualized) from the
forward price from part(b).

F = S(1+4r)
ron = Ff§-1

= 20.7454/20 - 1
3.727%

9-month forward price for soy bean is given by standard formula

1+ 3.727% + 2%
$1.057/bushel

$1 x C +....E_.m+nv

II

Common Mistakes:

o Some students do not realize that the ONLY way to back out 9 month interest
rate is through 9-month forward price of silver. They attempt to get it from term
structure, which does not contain sufficient information. (Incorrect 9-month forward
price from part(b) is not penalized again as long as you use the wrong number in
the correct way)

o Some students subtract storage cost instead of adding it.

e Some students forget that the storage cost is for 9 month (not annualized).

13
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5. (20 points)
The yield curve is flat at 5% (EAR) per year and only shifts up and down over time. All
bonds have face value of $100 and are fairly priced.

(a) What is the price and duration of a three-year bond with annual coupons of 6%?

Answer:

6 6 106
o = 102.72
P=imtim i 1°
2 106
o BT . B Ll LD R

102.72 \ 1.05 = 1.05% 1.05°

14
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A three year bond with monthly coupons trades in the market for the same price as
the bond in (a). Explain qualitatively how its duration compare to the bond in (a) and
why. (You are not required to calculate its price or duration).

Answer;

If coupons are paid monthly, more are paid out earlier than annual payment. Since du-
ration is a weighted average of payment times of discounted cash flows, earlier payments
lead to lower duration.

Common Mislakes:

o Some students think since each monthly coupon is small and carries less weight, the
duration increases.

Name:

A ten-year bond with annual coupons of 4% last year becomes a nine-year bond today.
Suppose that the price sensitivity of the latter to interest rate risk is actually higher
than the former. What can you say (qualitatively) about the change in the yield curve

over the past year? Explain your answer.
Answer:

Holding YTM constant, the duration of a 9 year coupon bond is less than a 10 year one
since CFs are nearer. This should decrease duration. But that price sensitivity goes
up suggests duration actually goes up. Since the question states very clearly "the yield
curve is flat and only shifts up and down over time”, the decrease in duration can be
only explained by a decrease in yield. This discounts less heavily the distant coupons

and principal payment and increase duration.

Common Mista.

o Students forget to analyze the impact on duration when a 10 year coupon bond
becomes a 9 year one. Although this does not change the conclusion, it is important
not to miss this effect and make sure it does not lead to other possibilities.

o Some students argue around the slope of term structure (the question says "yield

curve is flat over time") or convexity effect.

16
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Two years ago, the yield curve was flat at 7%. At that time, you purchased a 30-year
bond with 7% annual coupons at par. The yield curve has since declined. One year ago
it was at 6% and it is now at 5%. If you have re-invested your coupons at the available
spot rates, what is your annualized holding period return for the past two years?

Answer:

Price today:

P= % (1-1.057%) + % =129.796
The first year coupon is re-invested at 6%, which gives
7x 1.06 =742
You also just received a coupon of $7.
HpR= (Lt Qmﬂcsoéa v T

Common Mistakes:

e Some students do not understand what "holding period return” means.

o Some students do not "annualize” properly.

17

Name:

6. (20 points)

MIT ID#:

There are two risky assets A and B in the market with the following risk and return charac-

teristics summarized in the table below. The risk-free rate is ry = 2%.

Asset | E(r) Cov. | A B
A 6% ~ A |0.010 0.006
B | 14% B 0.040

(a) What is the expected return and the standard deviation of returns of a portfolio with
60% in A, 15% in B and 25% in the risk free asset?

Answer:

Expected return = 2% x (1 — 60% — 15%) + 6% x 60% + 14% x 15%

6.2%

Risk-free asset doesn't have volatility. Any term related to risk-free asset is 0.

Var

0.00558

Q
Il

Common Mistakes:

(0.00558)"° =

7.5%

(60%)? x 0.01 + (15%)? x 0.04 + 2 x 60% x 15% x 0.006

e Some students interpret the diagonal elements of covariance matrix as standard

deviations. (They are variances not standard deviations)

18
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(b) Is the portfolio described in part (a) on the Capital Market Line (CML)? (Hint: Think (c) Suppose now a market portfolio exists (ignore assets A & B). Consider a mean-variance
of Sharpe ratios.) efficient portfolio that has weight 50% on the market portfolio. What is the correlation
between the returns of this portfolio and the market returns?
Answer:
Answer:
6.99% — 2% The mean-variance efficient portfolio should be on CML, which is a weighted combina-
SR of this portfolio = T 0.56 tion of market portfolio and risk-free bond. Since risk-free bond does not have any risk,
SR of asset B = 14% - 2% _ 0.6 the co-movement between a mean-variance efficient portfolio with the market portfolio
) - (0.04)** L all comes from the portion on market portfolio. This suggests that the correlation with

market portfolio is 1.
This portfolio does not have maximum SR. Therefore, it is not on the CML.

Common Mistakes:
Common Mistakes:
o Some students forget about the fact that all MV efficient portfolio are on CML,

e Some students assume this portfolio is the market portfolio. which eonslebsiof bond and markst porfolios

» Some students attempt to solve for maximum SR portfolio, which is time-consuming

e The question is asking for correlation not covariance. Even though only 50% is on
and prone to mistakes. However, if they solve it correctly, full eredit is given.

market portfolio, the correlation is still 1.
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(10 points)

Suppose the term structure of interest rates is flat at 5%. Two-year European call option
and put option on Giggle Inc. with a strike price of $100 trade for $40 and $30, respectively.
Determine the share price of Giggle Inc.

Answer:

The put-call parity gives 40 + 100/(1 + 5%)? = 30 + S. Therefore, $ = $100.70.

Common Mislakes:

A few students forgot the ? term, and a few others switched 40 and 30.

21

(20 points)
The annual interest rate is 10%. The stock price of Midas Internet Technology (MIT) is $50.
The share price is to evolve according to the binomial tree shown below over the next two

years.

$70

860 \

\ / $50
/ §40 \
/

(a) What is the price of an European put option on MIT with a strike price of $60 and m\

time-to-maturity of two years? ==
Answer:

Assume the stock price goes up to $60 in Year 1. The number of shares of MIT (A) and
the amount invested in the risk-free asset (B) in the replicating portfolio must satisfy
|

704+ 1.1B =0 ik
504 + 1.1B = 10 b

Solving this system of equations, we get A = —0.5 and B = 31.8181. Therefore, the
price of the option in this node is

P, = (-0.5 x 60) + 31.8181 = 1.8181

Assume the stack price goes down to $40 in Year 1. The number of shares of MIT
(A) and the amount invested in the risk-free nsset (B) in the replicating portfolio must

22 . (l €L
\ (i1
T AY/




satisfy

504 +1.18 =10
304 +1.1B =30

Solving this system of equations, we get A = —1 and B = 54.5454. Therefore, the price

of the option in this node

Py = (-1 x 40) + 54.5454 = 14.5454

Finally, in Year 0, the number of shares of MIT (A) and the amount invested in the
risk-free asset (B) in the replicating portfolio must satisfy

60A + 1.1B = 1.8181
40A + 1.1B = 14.5454

Solving this system of equations, we get A = —0.6364 and B = 36.3636. Therefore, the

price of the option in Year 0 is

P = (-0.6364 x 50) + 36.3636 = [4.5454

23
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What is the price of an American put option on MIT with a strike price of $60 and a
time-to-maturity of two years?

Answer:

Note that the holder of the option could exercise the option in Year 1, if doing so is
in his/her interest, and will indeed do so if the share price drops to $40 from $50.
Therefore, the value of this American put option in Year 1 is $1.8181 in the up node
and $20 in the down node.

The number of shares of MIT (A) and the amount invested in the risk-free asset (B) in
the replicating portfolio must satisfy

GOA +1.1B = 1.8181
404A+11B=20

Solving this system of equations, we get A = —0.9091 and B = 51.2382. Therefore, the
Year 0 price of the American option is

P = (-0.9091 x 50) + 51.2382 = [5.7832

Common Mistakes:

e Some people simply claimed that “American options have the same value as Eu-
ropean options, because early exercise does not bring any additional advantage.”
This claim is true only under certain conditions.

Some people correctly identified that it is optimal to exercise the option when the
stock price goes down to $40, but incorrectly used $0 as the payoff from the “up”
node. This is wrong. If you do not exercise the option at the “up” node when
stock price is $60, you still have the right to exercise it in the next period, hence
the option has a positive value in the “up” node.

e Some pecple misread the question and priced a call option.

24
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(15 points)

Go Sushi is a new chain of fast food restaurants. The company franchises its stores. Today
cach franchise has a market value of $400,000. This is the price an owner of a franchise can
obtain if he sells his franchise to another person. One year from now each of the company’s
franchises will have a market value of either $720, 000 or $240, 000. The probability that the
market value of each franchise in a year will be $720,000 is 75%, and the probability that
the market value of each franchise will be $240, 000 is 25%. This is shown below:

$720,000

$400,000

$240,000

Go Sushi offers two plans for buying franchises. In Plan A, the company simply sells a
franchise today for $400,000 and the buyer takes the risk that the franchise will only be
worth $240, 000 in one year. In Plan B, the company sells the franchise today at a higher
price than $400,000 but guarantees that the company will be prepared in one year to buy
back the franchise at a price of $400,000. Under Plan B the franchise owner is not obligated

to do

to sell the franchise back to the company in one year at $400, 000, but he can cho
so il he wants. Assume that the guarantee is transferable when a franchise is sold. This
means that if someone sells a franchise purchased under plan B, the guarantee is transferred
to the new owner. Assume one can borrow or lend $100 today for a riskless amount of
$108 delivered in one year (i.e., that the riskless interest rate is 8%). Given the information
provided, what is the market value (today) of a franchise purchased under plan B (which

includes the guarantee)?

Name: MIT ID#:

L&—E.Em r

Under plan B, the payolf to the franchise owner is $720,000 in the good state. In the bad
state the payoff would be $400, 000, becanse the franchise owner would want to exercise his
right to sell the franchise back to the company. We can find the market value (today) of the
franchise under Plan B by replicating its payoffs with a position in the underlying asset (a
Plan A franchise) and a position in the riskless asset. We have

oo OFu—CFy _ $720,000 - $400,000 _ 2
S.—S5s 720,000 — $240,000 3
y = L (CFiS.-CFS:
1+r Su - Sa
_ 1 ($400,000 x $720,000 — $720.000 x $240, 000
T 108 $720, 000 — $240, 000
= §$222,222

and therefore the market value of the franchise under Plan B is

MV =aS+b= Mw,_cc_ 000 + $222,222 =|$488, 889

Common Mistakes:

Some people used the probabilities 0.75 and 0.25 to calculate the expected payoff. This

L ]
is incorrect. You should recall from Options lecture notes and problem sets that the
state probabilities are irrelevant for option prices.

e Some people decomposed the real option payoff into $400,000 + C, where C is a call

option that pays $320,000 in the “up” state and 30 in the “down” state. Indeed, the
call option can be priced by
$320,000 — S0

m
® = §720,000 - $240,000 ~ 3




b 1 AQFM__IQH._.%RV

1471 S — Sy
{0 x 8720,000 — $320, 000 x $240,000
- §720, 000 — $240, 000

= —-148148

C=aS+b= wm.‘.oo_ 000 — $148148. = §118, 519
MV = 400,000 + C = $518, 519

This is incorrect because the risk-less $400,000 will be received one year later, therefore
must be discounted as well. The correct solution is

400,000

My ===t
g 1.08

+C = $370,370 + $118, 519 = $488, 889
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10. (15 points)

Suppose you are considering pricing two assets, A and B. The table below summarizes the
expected return of the market and the covariance of future returns of A, B and the market
M. The risk-free rate is ry = 2%

Asset

M
A
B

E(r) Cov.| M A B
% M |0.040 0.040 0.036
? A 0.090 0.000
? B 0.160

(a) What are the expected rates of return of asset A and B if the CAPM holds?

Answer:

The betas are

Expected return are

TA=Tf + fBa C..a. - .....L = .02+ HA.DG - .OMv

TE =Ty + 08 (rm—r17)=.02+ 9(.06 —.02)

_Cov (ra,rm) 04

Pa = I
Cov(rg,rm) 036
oL\ VP ) L SRR
Pa a3, 04

(5.:6%]

28
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(b) What is the riskier asset in an expected return sense, A or B? Does this square with the

assets’ standard deviations? Explain.
Answer:

Asset A is the riskier asset as it has a higher beta and thus a higher expected return. This
is contrary to the standard deviation's of the assets, as B clearly has higher standard
deviation of returns than A. The reason is that the systematic risk in A’s returns is
higher than in B’s returns, and diversification implies only systematic risk will be priced

in a universe of many stocks,

29
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Suppose the covariance between the returns of asset A and B changes from 0.000 to 0.030
(but everything else remains the same). What is the correlation between the returns of
A and B now? Will this change any of the expected return relationships derived in (a)?

Answer:

The correlation between A and B is now

.03
= =[0.25
Pan x4 045

A change in the covariance between A and B should not imply any changes in the asset
pricing relation, because the assets’ systematic risks are not changed, hence the expected

returns also stay constant.

Common Mistak

» Some people could not read the covariance table. See “Portfolio Theory” lecture
notes.

e Some people calculated the slope of CML and attempted to find asset returns by
their Sharpe Ratios. However, CAPM only states that the market portfolio is on
the CML, but not the individual assets. According to CAPM, individual assets are
on the SML.

30
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1. (40 points) True, false or “it depends”? Give a brief explanation for each answer.

(a) (5 points) “Other things equal, bonds paying higher coupons have higher interest
rate risks.”

(b) (5 points) “A firm’s PVGO (the present value of growth opportunities) is positive
as long as the expected returns on its future investments are positive.”
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(c) (5 points) “A call option on a stock is always worth more than the stock itself
since the option has only an upside.”

(d) (5 points) “Call options are worth more than put options on the same asset with
the same exercise price and maturity because they have unlimited upsides.”
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(e) (5 points) “Investors can achieve a riskless return if they can diversify in infinitely
many stocks.”

(f) (5 points) “By the CAPM, no project a firm will find can yield an expected return
above the Security Market Line.”
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(g) (5 points) “Emerging markets must yield higher returns than mature markets
because they are riskier.”

(h) (5 points) “Projects with higher IRR (internal rate of return) are always preferred
because they yield higher returns.”
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2. (20 points)
The Wall Street Journal gives the following prices for the STRIPS:

| Maturity (Years) | 1 [ 2 T 3 7]
[ Price (% of Par Value) | 95.2381 | 90.7029 | 86.3838 |

Your liabilities consist of two payments: $30 million in year 2 and $30 million in year
3.

(a) (5 points) Calculate the 1, 2, and 3 year spot rates.

(b) (5 points) Calculate the PV of your liabilities.
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(c) (5 points) Calculate the Modified Duration of the liabilities.

(d) (5 points) Based on your answers to the last question, by how much will the value
of your liabilities change if interest rates increase by 1 basis point = (1/100)%?
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3. (20 points) Sunshine Technology has book value per share of $100 at year 0 (after year
0 dividend is paid) and enjoys a ROE of 12% per year. Sunshine Technology currently
has a payout ratio of 50% and plans to maintain that ratio in the future.

(a) (5 points) What is the expected dividend per share at year 17

(b) (5 points) A competing firm in the same business is publicly traded, with a beta
of 1.2. The riskfree rate is 4% and the risk premium on the market portfolio is
5%. What should be the cost of capital for Sunshine Technology?
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(c) (5 points) What should Sunshine Technology’s ex-dividend share price be at year
07?

(d) (5 points) Is Sunshine Technology a growth company? If so, what is its PVGO.

10
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4. (15 points) In January, the term structure is flat, one-month interest rate is r = 0.6%
(annualized). Oil futures are quoted as follows,

[ Maturity Month | Feb [ Mar [Apr
| Oil Futures ($ per barrel) [ 80.1192 | 80.4397 [ ?

(a) (5 points) What is the current net convenience yield on 0il?

(b) (5 points) Can you infer the spot and 3-month futures prices, assuming the net
convenience yield is the same as above?

11
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(c) (5 points) Dan bought 10,000 barrels of 2 month oil futures in January. In Febru-
ary, oil futures are quoted as below:

| Maturity Month | Mar | Apr May |
| Oil Futures ($ per barrel) | 83.415 | 83.8321 | 84.2512 |

What is Dan’s profit/loss in February?

12
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5. (15 points) The current price of a non-dividend paying stock is $800 and the riskfree
interest rate is 5%. A l-year European call on the stock with a strike price of $815
costs $75 and a put with the same strike price and maturity costs $45.

(a) (9 points) How can you use the call and put options and the stock to construct a
risk-free payoff?

13
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(b) (6 points) Is there an arbitrage opportunity? If so, please describe specifically
how you could profit from the arbitrage opportunity.

14
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6. (15 points)

The current price of stock “Green Light” (GL) is $100. In the next two periods, it
follows the following binomial process:

100

The riskfree interest rate is zero. An investment bank offers you an insurance for each
$100 dollar invested in the stock: The insurance pays nothing if you make money on
your stock investment over the two periods, and it pays the loss if you lose money. For
example, if the stock value increases to $225, you receive nothing while if the stock
value drops to $81, you receive 100-81 = $19.

(a) (10 points) Describe the payoff of this insurance policy at the end of two periods.
What is the cost of this insurance for the investment bank?

15
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(b) (5 points) Describe the trading strategy the bank may use to replicate the payoff
of this insurance policy.

16
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7. (20 points) Assume the market portfolio has an expected return of r,, = 6% and
standard deviation o, = 10%. There are only two investors in this market: Ashley
and Brad. Each investor has $5 trillion of wealth. They both hold efficient frontier
portfolios. The riskfree interest rate is 7y = 2%. Ashley and Brad can only borrow/lend
from/to each other (i.e., their holdings of the riskfree asset sum to zero).

(a) (5 points) Brad says that his portfolio has a Sharpe ratio of 1/2. Can that be
true? Please provide a short explanation.

(b) (6 points) Ashley is investing 150% of her wealth in the market portfolio and short-
ing 50% of the riskfree asset. Calculate the expected return, standard deviation,
and the Sharpe ratio of Ashley’s portfolio.

17
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(c) (4 points) Given Ashley’s holdings, can you infer the portfolio weights of Brad?
What is the Sharpe ratio of his portfolio?

(d) (5 points) Is the Sharpe ratio of Brad’s portfolio different from Ashley’s? Can
you explain why? Which one of them is more risk averse?

18
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8. (20 points) Stock A and B have standard deviations of 20% and 10%, respectively.
Their correlations with the market portfolio are 0.6 and 0.3. The market portfolio has
standard deviation of 15%.

(a) (6 points) What are the betas of A and B?

(b) (7 points) Expected returns of A and B are 6.8% and 3.2%. Plot the security
market line (SML) and find the market risk premium, riskfree rate and expected
return of the market portfolio.

19
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(c) (7 points) Mr. Sharpe holds a efficient frontier portfolio. He chooses to hold a
portfolio with 20% in the riskfree asset and the rest in stock A and B. What is
the expected return and standard deviation of his portfolio?

20
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9. (15 points) NiceCraft is a local furniture manufacturer and it plans to expand its
business by selling its products to customers who live further away. NiceCraft faces a
tax rate of 34% and a cost of capital of 10%.

(a) (6 points) With local customers only, its expected pre-tax profit is $1 million per
year forever. What is the current market value of NiceCraft.

21
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(b) (9 points) NiceCraft can build an outlet to increase sales to far away customers.
The building cost is $1.5 million. The expected pre-tax profit from increased sales
is another $1 million per year forever. NiceCraft’s new outlet could be depreciated
linearly to $0 over 3 years. Should NiceCraft carry out this expansion? Explain.

22
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1. (40 points) True, false or “it depends”? Give a brief explanation for each answer.

(a) (5 points) “Other things equal, bonds paying higher coupons have higher interest

(b

rate risks.”

Answer:

False. Interest rate risk is measured by duration, which gives the sensitivity of
bond price to yield changes. Bond with higher coupon has shorter duration as
more cash Hows are paid out earlier. So higher coupon implies lower interest rate
risk.

(5 points) “A firm’s PVGO (the present value of growth opportunities) is positive
as long as the expected returns on its future investments are positive.”

Answer:
False. Positive PVGO is equivalent to ROE>r (return on future investments >
cost of capital). ROE>0 is not sufficient.

MIT ID#:

(¢) (5 points) “A call option on a stock is always worth more than the stock itself

since the option has only an upside.”

Answer:

A call option is worth less than a stock at time 0 because the final payoff of a
stock is greater than that of a call option for all realizations of the final stock
price.

Eayuft Stock Pay!

Call Pa

Strike Price St

(d) (5 points) “Call options are worth more than put options on the same asset with

the same exercise price and maturity because they have unlimited upsides.”

Answer:
False or depends. Put-call parity gives

K

C+ =P+S5

l4r

Hence, 5
C—-P=8-——
l+7r
This shows that whether a call is worth more than a put (for the same exercise
price and maturity) depends on the current stock price relative to the strike price
(discounted at the appropriate risk-free rate). If stock price is very low relative
to the strike price, a put option is worth more than a call option.



Name: MIT ID#:

(¢) (5 points) “Investo!

can achieve a riskless return if they can diversify in infinitely

many stocks.”

Answer:

False or depends. They can do that only if there is NO systematic risk. In gen-
eral, it may not be true in the presence of systematic risk, which can't be reduced
through diversification.

(f) (5 points) “By the CAPM, no project a firm will find can yield an expected return

above the Security Market Line.”

Answer:

False. Expected return of a publicly traded asset must be on the SML by CAPM.
However, a firm may have projects, which are NOT accessible (i.e. not publiely
traded) to the public. In fact, any project with positive NPV yields expected
return higher than that demanded by the market. The latter, rather than the
former, is on the SML by CAPM.

Name:

(2)

(h)
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(5 points) “Emerging markets must yield higher returns than mature markets
because they are riskier.”

Answer:

False. Though emerging markets might have greater total risk (measured by
standard deviation) than mature markets, a large portion of the risk could be
idiosyncratic, which, by CAPM, does not require higher return to compensate
for.

(5 points) “Projects with higher IRR (internal rate of return) are always preferred
because they yield higher returns.”

Answer:

False. Project choices should be based on NPV, which does NOT yield the same
conclusion as IRR. A project with higher IRR might have lower NPV due to a
smaller scale, which IRR ignores. In addition, IRR cannot distinguish the sign of
NPV. Two projects with opposite cash flows (therefore, opposite NPVs) have the
same IRR.
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2. (20 points)
The Wall Street Journal gives the following prices for the STRIPS:

Maturity (Years) 1 2 3
Price (% of Par Value) | 952381 | 90.7029 | 86.3838

Your liabilities consist of two payments: $30 million in year 2 and $30 million in year
3.

(a) (5 points) Calculate the 1, 2, and 3 year spot rates.

Answer:
Spot rates:

100 o
Rl T T e
1
100 \} ‘
A= Tc.,a%v =0
1

100 ¢ o
nie mgv B

The term structure is flat.

b) (5 points) Calculate the PV of your liabilities.

I ¥

Answer:

30 - 30
AH.T"..&M C.Tq.uv

PV = 5 = 53.1260

Name:
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(¢) (5 points) Caleulate the

Answer:
From part (1), the term

Dy

MDy,

(d) (5 points) Based on your
of your liabilities change

Answer:

Modificd Duration of the liabilitics.

structure is flat, y = r = 5%.

30 ) 30
2% gy T8 X ol
Ju + 30
REALRUerCTy
D 2.4878
= =220 03603
1+y 1+5%

= 2.4878

answers to the last question, by how much will the value
if interest rates increase by 1 basis point = (1/100)%7

Interest rates increases by 1 basis points,

APV,
PVL,
APV,

= —-MDy x Ay
= —-MD, x PV, x Ay
. S5 1
= —2.3810 x 53.1260 x 106 % 0.01
—-0.0126(3mil)

[
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3. (20 points) Sunshine Technology has book value per share of $100 at year 0 (after year
0 dividend is paid) and enjoys a ROE of 12% per year. Sunshine Technology currently
has a payout ratio of 50% and plans to maintain that ratio in the future.

(a) (5 points) What is the expected dividend per share at year 17

Answer:

=
[

BV x ROE = 100 x 12% = §12

Dy Ey % p=12 x 50% = S6

Il

(b) (5 points) A competing firm in the same business is publicly traded, with a beta
of 1.2. The riskfree rate is 4% and the risk premium on the market portfolio is
5%. What should be the cost of capital for Sunshine Technology?

Answer:

By CAPM,

-
I

s + _D. T.._._ o 1..&
A%+ 1.2 x 5%
10%
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(¢) (5 points) What should Sunshine Technology's ex-dividend share price be at year
0?

Answer:
Growth rate of dividend is

g = ROE(1 - p) =12% % 50% = 6%

B = —-

I
@
et
o
=]

(d) (5 points) Is Sunshine Technology a growth company? If so, what is its PVGO.

Answer:
Yes, it is since ROE > 1.

PVGO

1
]
i
|

[

—

I

=]
1

I
@
=

PVGO is $30/share.

10
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4. (15 points) In January, the term structure is flat, onc-month interest rate is r = 0.6%
(annualized). Oil futures are quoted as follow

Maturity Month Feb Mar | Apr
Oil Futures ($ per barrel) | 80.1192 | 80.4397 | 7

(a) (5 points) What is the current net convenience yield on oil?

Answer:
Given the annualized risk-free rate, assume the annualized net-convenience-yield
is g, the futures prices are

S (141§
S (1+r-jh

Hy,
Hys

i

Hence the net convenience yield is determined by

1+ Hyy 804307
g = S R g gy
Aer—g W ool L TodR

(+r—i" = 1+04%
1+0.6% - i (1 4+ 0.4%)" = 1.04907
1+0.6% — (1+0.4%)"
= -4.307%

<
II

(b) (5 points) Can you infer the spot and 3-month [utures prices, assuming the net
convenience yield is the same as above?

Answer:
The spot and three-month futures prices should be
5 = i I
(1+r-p)F
_ 801192
T 1404%

= T79.8
3
Hio = Si(t+r=-9)% =8 [(1+r-5)¥]
= 79.8 x (1 +4%)*
= 80.7614
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(¢) (5 points) Dan bought 10,000 barrels of 2 month oil futures in January. In Febru-

ary, oil futures are quoted as below:

Maturity Month Mar [ Apr May
Ol Futures (3 per barrel) | 83.415 | 83.8421 | 84.2512

What is Dan's profit/loss in Fehruary?

Answer:

Dan’s contract matures in March. In February, it is priced at $83.415, which is
higher than the entering price $ 80.4397 (two-month future prices in January).
Dan has made money.

Futures contract is marked to market, therefore the PnL is booked as
PnL = 10,000 x (83.415 —80.4397) = $20753

In this class, however, we do not distinguish forwards vs. futures. Following
Problem Set 4, Question 2 (a very similar problem on Forwards), the following
answer is also accepted: First, calculate the implied 1-month interest rate r’
(annualized) in February. Assume the new spot price is Sy, then the futures
prices should be

S_gum_;:i\&w
' )lﬂ.l
Hyy = S(1+r-p)n

ok o Hha_mssa_
(1+7" -3 Ty~ 83415 +0.5%

1+¢ = = (1+0.5%)"7 = 106168
7= (14+05%)2-1+§
= 1.06168 — 1 — 0.04307

P = 186%
His profit in February is
Hyy— Hyy
(1+ 3&
83.415 — 80.4397
(1 +1.86%)

PrL = 10,000 x

= 10,000 x

= 29707
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5. (15 points) The current price of a non-dividend paying stock is $800 and the riskfree

interest rate is 5%. A l-year European call on the stock with a strike price of $815
costs 875 and a put with the same strike price and maturity costs $45.

(a) (9 points) How can you use the call and put options and the stock to construct a
risk-free payoff?

Answer:
Long: 1 put and 1 stock
Short: 1 call

Payoff +1Stock %
L4
, 4
K
N, B ,0 Toul
L Payoff

This gives a risk-free payoff of $815 at maturity.

Name: MIT ID#:

(b) (G points) Is there an arbitrage opportunity? If so, please describe specifically
how you could profit from the arbitrage opportunity.

Answer:

There is an arbitrage.
Put-call parity suggests that

: g
Po+5 = ﬁ..o#.mﬂ
K
2 - =
b+ 5~ Co 14+r

Plugging in the prices, we have

Po+5-Cy = 45+800-175

$770 < 815 = K
105 1+r

So put-call parity fails. To construct an arbitrage, we should buy low and sell
high. Specifically, at time 0, we should:

1. Borrow $770 at 5%

2. Long 1 stock

3. Long 1 put

4. Short 1 calls
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6. (15 points)
The current price of stock “Green Light” (GL) is $100. In the next two periods, it
follows the following binomial process:

225
150
135
100
135
S0
81

The riskfree interest rate is zero. An investment bank offers you an insurance for each
$100 dollar invested in the stock: The insurance pays nothing if you make money on
your stock investment over the two periods, and it pays the loss if you lose money. For
example, if the stock value increases to $225, you receive nothing while if the stock
value drops to $81, you receive 100-81 = $19.

(a) (10 points) Describe the payoff of this insurance policy at the end of two periods.
What is the cost of this insurance for the investment bank?

Answer:

In the second period, the payoll of the insurance in the “un”, “nd”, “du”, “dd”
nodes are {0,0,0, 19} respectively.

Back to period 1. In the “up” node, the insurance is worth zero. In the “down”
node, the insurance has a positive value. Replicate its payoff with ag shares of
stock, and by dollars in the bond:

13504+ by = 0
8lag+by = 19

19 _
=y = S -0.3519
19 x 135
by = —r— =475
19 i
Vi=a4Sq+by = Iﬂ X 90 + 47.5 = 15.83

Back to period 0. The insurance is worth V,, = 0 in the “up” node and V; = 15.83
in the “down” node. Replicate its payoff with a shares of stock and b in the bond:

150a+b = 0
90a+b = 1583
=a = -0.2638
b = —150a = 39.575
V=aS+b = -0.2648 x 100 + 39.575
= 13.195

15
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(b) (5 puints) Describe the trading strategy the bank may use to replicate the payoff

of this insurance policy.

Answer:

At period 0, the bank needs to short —0.2638 shares of stock and long 39.575 in
the riskless bond;

At period 1, if the stock goes up to $150, just unwind the entire position; il the
stock goes down to $90, then adjust the portfolio to short —0.3519 shares of stock
and long 47.5 in the riskless bond.

16
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7. (20 points) Assume the market portfolio has an expected return of r,, = 6% and
standard deviation a,, = 10%. There are only two investors in this market: Ashley
and Brad. Each investor has $5 trillion of wealth. They both hold efficient frontier
portfolios. The riskfree interest rate is vy = 2%. Ashley and Brad can only borrow /lend
from/to each other (i.e., their holdings of the riskiree asset sum to zero).

(a) (5 points) Brad says that his portfolio has a Sharpe ratio of 1/2. Can that be
true? Please provide a short explanation.

Answer:
The highest Sharpe ratio attainable in this market is
Tm — Ty _ mﬁo == M—Nu

SRiar = —— =

—_— =04 <
Om 10%

1
2

Brad's claim is outside of the CML, he must be lying.

(b

—

(6 points) Ashley is investing 150% of her wealth in the market portfolio and
shorting 50% of the riskfree asset. Calculate the expected return, standard devi-
ation, and the Sharpe ratio of Ashley's portfolio.

Answer:
Ashley invests with w4 = 1.5 in the market portfolio, and 1 — w4 = 0.5 in the
riskiree asset.

ra = wWaXrm+(1-ws) xrp=15x6%-05x2%=28%
op = wa X0, =15x10%=15%
TA iqu__ mn}\wﬁ.
SRy = = =04
i aa 15%

Note that SR4 = SRyna- since Ashley lies on the CML.,

(c¢) (4 points) Given Ashley’s holdings, can you infer the portfolio weights of Brad?

What is the Sharpe ratio of his portfelio?

Answer:

Assume Brad invests wp in the market portfolio and 1 — wp in the riskfree asset.
In aggregate, their holdings of the riskfree asset sums to zero, and their holdings
of the market portfolio coincides with the market portfolio.

10
0

wy X5+wg x5
(1-wa) x5+ (1 -wg) x5

Therefore wy = 0.5, Brad holds 5 x 0.5 = 2.5 trillion in the market portfolio and
the riskfree asset each.

Brad also lies on the CML, so his Sharpe ratio should be equal to the maximal
Sharpe ratio in the market,

SRp = SRmaz =04

(d) (5 points) Is the Sharpe ratio of Brad's portfolio different from Ashley's? Can

you explain why? Which one of them is more risk averse?

Answer:

Brad has the same Sharpe ratio as Ashley because they both lie on the CML.
Brad is more risk-averse because he chooses to put more weight on the riskfree
asset.
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8. (20 points) Stock A and B have standard deviations of 20% and 10%, respectively.
Their correlations with the market portfolio are 0.6 and 0.3. The market portfolio has
standard deviation of 15%.

(a) (6 points) What are the betas of A and B?

Answer:

cov (Fa, "ar) _ paMTaTu

Ba = = o
_ pamgs _ 06(20%) 0.3
T o 8%
0.3 (109
Ay = PAMOR |m|c %) =02
TM 15%

(b) (7 points) Expected returns of A and B are 6.8% and 3.2%. Plot the security
market line (SML) and find the market risk premium, riskfree rate and expected
return of the market portfolio.
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Market risk premium is the gradient of the line:

TA—TB _ 6.8% — 3.2%

M =Ty = Pa—Pp - 08-02 =6%
Hence, by CAPM
vpo= ra=Balrar—ry)=2%
v = 2% +6%=28%

(¢) (7 points) Mr. Sharpe holds a cfficient frontier portfolio. He chooses to hold a
portfolio with 20% in the riskfree asset and the rest in stock A and B. What is
the expected return and standard deviation of his portfolio?

Answer:
The other 80% must be in the market portfolio. Hence, the portfolio expected
return is

0.2(2%) + 0.8 (8%) = 6.8%

The portfolio standard deviation is

0.8 (15%) = 12%
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9. (15 points) NiceCraft is a local furniture manufacturer and it plans to expand its
business by selling its products to customers who live further away. NiceCraft faces a
tax rate of 34% and a cost of capital of 10%.

(a) (6 points) With local customers only, its expected pre-tax profit is $1 million per
year forever. What is the current market value of NiceCralft.

Answer:
After-tax profit per year is

(1 -0.34) x 1 = 0.66 million
The perpetuity formula gives the market value

0.66
10%

= 6.6 million

21

Name: MIT ID#:

(b) (9 points) NiceCraft can build an outlet to increase sales to far away customers.

The building cost is $1.5 million. The expected pre-tax profit from increased sales
is another $1 million per year forever. NiceCraft’s new outlet could be depreciated
linearly to $0 over 3 years. Should NiceCralft carry out this expansion? Explain.

Answer:
We should consider the incremental cash flows.
PV of tax shield is

0.94 (1.5/3) +
1+ 10% (1+10%)

0.34(1.5/3)  0.34(1.5/3)

Tk 1+ 10%)° = 0.423 million
0

PV of incremental after-tax profit

(1-0.34)1

0% = 6.6 million

NPV of incremental CFs is
6.6 + 0.423 — 1.5 = 5.52 million > 0

1t should be carried out.
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