Chapter 17 Solutions

1.
	Situation
	Probability
	Stock Price

	S1
	0.4
	$150

	S2
	0.6
	$80


Expected value of the Option:
(0.4) (150 – 100) + (0.6)(0) = $20
2.

a.
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b.
Buy 5 shares of stock and wirte 7 call options. 

If price increases: PU = 125. 

and,
Value of portfolio = (5) (150) – (7)(150 – 100) = 400
If price falls: (5)(80) – (7)(0) = 400 

Now,
[(100)(5) – 7V](1 + .10) = 400 

and,
7V = 500 – 363.64 = 136.36 

(Approximate) Equilibrium Option Price = V = 19.48
3.

Price of stock on Jan. 1 = $100
Call option on April 1 has exercise price = $100
σ = 20% per year
risk-free rate = 10%
Value of call option:
V = p.N(d1) – e–rtEN(d2)

where,

p is the current value of total assets 

E is the face value of debt
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V = 100(0.6179) – (0.9753)(100) (0.5793) = $5.29

4.

Let V = value of equity

In this case, a firm’s equity can be treated as a call written by bondholders to shareholders on total assets. That is,

V = p.N(d1) – e–rtEN(d2)

where,

P is the current value of total assets 

E is the face value of debt
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d2 = d1 – σ√t = 1.498 – 0.4(3) = 0.298

V = 10,000,000·N(1.498) – e–(.08)(9)(7,000,000)N(0.298)

= (10,000,000)(9.332) – 0.4868 (7,000,000)(.6179) = 7,226,444

5.

a.
increase

b.
decrease

c.
increase

d.
increase

e.
increase

6.

a.
The call option would be “out of the money” for the price range of $0-50.

b.
It would be “in the money” at any price in excess of $50.

7.

a.
the put option would be “out of the money” at any price in excess of $50.

b.
It would be “in the money” for the stock price range of $0-$50.

8.

All other things equal, an American option would sell at a price higher than that of a European option. This is because an American option holder has the extra flexibility of exercising the option at any time before the expiration date, and thus can take advantage of any favorable event or avoid any unfavorable situation.

9.

Vc = max[0, P – E]

a.
Vc = max[0, 30 – 50] = $0

b.
Vc = max[0, 50 – 50] = $0

c.
Vc = max[0, 80 – 50] = $30

10.

a.
Vc – max[0, 40 – 60] = $0

b.
The seller of the call option would not incur any loss if the exercise price is greater than the stock price on the expiration date. The Value, in such a case, would be equivalent to the premium received for writing the call option.

11.

Expected Payoff from the call option on Company J’s stock: 

= (0)(0.2) + (0)(0.3) + (2)(0.3) + (5)(0.2) = $1.60

Expected Payoff from the call option on Company K’s Stock:

= (0)(0.1) + (0)(0.3) + (5)(0.4) + (15)(0.2) = $5.00

The call option on Company K’s stock would be preferred.

12.

a.
The hedge ratio is given by:
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Thus, 
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Solving for PL we find that PL = 50.

b.
Expected value of the call = .6(100 – 80) + (.4)(0) = 12

c.
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Thus the hedge portfolio is achieved by writing 5 options for each 2 shares purchased. If the expiration day price is $100, then the total value of this portfolio is:

2(100) – 5(100 – 80) = $100

If the expiration date stock price is $50, total value of the portfolio is: 

2(50) – 5(0) = $100

Since the two are identical, this value is assured. In other words, the portfolio has a risk free terminal value.

13.

The hedge ratio is given by ·N(d1)

where 
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Now ln(P/E) = ln(80/80) = 0
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N(d1) = .57 (from table of cumulative distribution function of the standard normal distribution in the Appendix to the text)

Thus the optimal hedge ratio is 0.57.

14.

The value of the firm’s equity can be viewed as the value of an option on the firm’s value with the exercise price equal to the face value of the debt with expiration at maturity of the debt. 

Thus in notation P = 20; E = 12; t = 5; r = .08; a = 0.3. 

log(P/E) = log (20/12) = 0.5108
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N(d1) = N(1.69) = .9545 

N(d2) = N(1.02) = 0.8461 

e–(08)(5) =.6703

Value of the stock = S = PN(d1) – e–rtN(d2)

= 20(.9545) – (0.6703)(12)(.8461) = $12.28 million 

Value of debt = Value of firm – Value of stock

 = 20 – 12.28 = $7.72 million

15.

a.
uS 0 = 140 ( Pu = 0

dS 0 = 70 ( Pd = 40

The hedge ratio is:
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b.

	Riskless Portfolio
	S = 70
	S = 140

	Buy 4 shares
	280
	560

	Buy 7 puts
	280
	0

	Total
	560
	560


Present value = $560/1.10 = $509.09

c.
The portfolio cost is: 4S + 7P = 400 + 7P

The value of the portfolio is: $509.09

Therefore: P = $109.09/7 = $15.58

16.

d1 = 0.2475 ( N(d1) = 0.5987

d 2 = .1061 ( N(d 2) = 0.5398

Xe( r T = 48.77

C = $3.61
P= C + PV(X) – S0= 2.61+48.77-50=2.38
17.

According to the Black-Scholes model, the call option should be priced at:

[$65  N(d1)] – [50  N(d 2)] = ($65  0.6) – ($50  0.4) = $19

Since the option actually sells for less than $19, implied volatility is smaller than 0.30.

18.

A straddle is a call and a put.  The hedge ratio of the straddle is the sum of the hedge ratios of the individual options: 0.3 + (–0.6) = –0.3

19.

a.
The delta of the collar is calculated as follows:

	Position
	Delta

	Buy stock
	1.0

	Buy put, X = $40
	N(d1) – 1 = –0.30

	Write call, X = $60
	–N(d1) = –0.30

	Total
	0.4


If the stock price increases by $1, then the value of the collar increases by $0.4.  The stock will be worth $1 more, the loss on the purchased put will be $0.3, and the call written represents a liability that increases by $0.3.

b. If S becomes very large, then the delta of the collar approaches zero.  Both N(d1) terms approach 1.  Intuitively, for very large stock prices, the value of the portfolio is simply the (present value of the) exercise price of the call, and is unaffected by small changes in the stock price.

As S approaches zero, the delta also approaches zero: both N(d1) terms approach 0.  For very small stock prices, the value of the portfolio is simply the (present value of the) exercise price of the put, and is unaffected by small changes in the stock price.

20.

a.
Choice A: Calls have higher elasticity than shares.  For equal dollar investments, a call’s capital gain potential is greater than that of the underlying stock.

b.
Choice B: Calls have hedge ratios less than 1.0, so the shares have higher profit potential.  For an equal number of shares controlled, the dollar exposure of the shares is greater than that of the calls, and the profit potential is therefore greater.

21.

S = 100; current value of portfolio

X = 100; floor promised to clients (0% return)

= 0.35; volatility

r = 0.07; risk-free rate

T = 3 years; horizon of program

Using the Black-Scholes formula, we find that:

d1 = 0.75, N(d1) = 0.7734, d 2 = 0.05, N(d 2) = 0.5199

Put value = $16.34

Therefore, total funds to be managed equals $116.34 million: $100 million portfolio value plus the $16.34 million fee for the insurance program.

The put delta is: N(d1) – 1 = 0.7734 – 1 = –0.2266

Therefore, sell off 22.66% of the equity portfolio, placing the remaining funds in T-bills.  The amount of the portfolio in equity is therefore $77.34 million, while the amount in T-bills is: $116.34 million – $77.34 million = $39 million

22.

a.
uS 0 = 110 ( Pu = 0

dS 0 = 90 ( Pd = 10

The hedge ratio is:
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A portfolio comprised of one share and four puts provides a guaranteed payoff of $130, with present value: $130/1.07 = $121.50

Therefore:

S + 4P = $121.50

$100 + 4P = $121.50 ( P = $5.375

b.
Cost of protective put portfolio = $100 + $5.375= $105.375

c.
Our goal is a portfolio with the same exposure to the stock as the hypothetical protective put portfolio.  Since the put’s hedge ratio is –0.25, the portfolio consists of (1 – 0.25) = 0.75 shares of stock, which costs $75, and the remaining funds ($30.375) invested in T-bills, earning 7% interest.

	Portfolio
	S = 90
	S = 130

	Buy 0.75 shares
	67.5
	97.5

	Invest in T-bills
	32.5
	32.5

	Total
	100
	130


This payoff is identical to that of the protective put portfolio.  Thus, the stock plus bills strategy replicates both the cost and payoff of the protective put.

23.

Step 1: Calculate the option values at expiration.  The two possible stock prices and the corresponding call values are:
uS 0 = 110 ( Cu = 10

dS 0 = 90 ( Cd = 0

Step 2: Calculate the hedge ratio.
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Therefore, form a riskless portfolio by buying one share of stock and writing two calls.  The cost of the portfolio is: S – 2C = 100 – 2C

Step 3: Show that the payoff for the riskless portfolio equals $80:

	Riskless Portfolio
	S = 9
	S = 11

	Buy 1 share
	90
	110

	Write 2 calls
	0
	-20

	Total
	90
	90


Therefore, find the value of the call by solving:

$100 – 2C = $90/1.06 ( C = $7.55

Notice that we did not use the probabilities of a stock price increase or decrease.  These are not needed to value the call option.

24.

The two possible stock prices and the corresponding call values are:

uS 0 = 120 ( Cu = 20

dS 0 = 80 ( Cd = 0

The hedge ratio is:
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Form a riskless portfolio by buying one share of stock and writing two calls.  The cost of the portfolio is: S – 2C = 100 – 2C

The payoff for the riskless portfolio equals $80:

	Riskless Portfolio
	S = 80
	S = 120

	Buy 1 share
	80
	120

	Write 2 calls
	0
	-40

	Total
	80
	80


Therefore, find the value of the call by solving:

$100 – 2C = $80/1.06( C = $12.26

Here, the value of the call is greater than the value in the lower-volatility scenario.

25.

Tim believes that the market assessment of volatility is too high.  Therefore, Tim should sell options because the analysis suggests the options are overpriced with respect to true volatility.  The delta of the call is 0.2, while that of the put is 0.2 – 1 = –0.8.  Therefore, Tim should sell puts and calls in the ratio of 0.2 to 0.8.  For example, if Tim sells 4 calls and 1 puts, the position will be delta neutral:

Delta = (4  0.2) + [1  (–0.8)] = 0

26.

Using the true volatility (38%) and time to maturity T = 0.5 years, the hedge ratio for Exxon is N(d1) = 0.5972.  
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Because you believe the calls are under-priced (selling at an implied volatility that is too low), you will short 0.5972 shares for each call you buy.

27.

a.
To calculate the hedge ratio, suppose that the market index increases by 1%.  Then the stock portfolio would be expected to increase by:

1%  1.8 = 1.8% or 0.018  $1,600,000 = $28800

Given the option delta of 0.8, the option portfolio would increase by:

$28800  0.6 = $17280

The firm’s liability from writing these options would increase by the same amount.  The market index portfolio would increase in value by 1%.  Therefore, the firm should purchase $1,728,000 of the market index portfolio in order to hedge its position so that a 1% change in the index would result in a $17280 change in the value of the portfolio.

b.
The delta of a put option is:

0.6 – 1 = –0.4

Therefore, for every 1% the market increases, the index will rise by 10 points and the value of the put option contract will change by:

delta  10  contract multiplier = –0.4  10  100 = –$400

Therefore, the firm should write: $12,000/$400 = 30 put contracts

28.

If the stock market index increases 1%, the 1 million shares of stock on which the options are written would be expected to increase by:

0.6%  $10  1 million = $60,000

The options would increase by:

delta  $60000 = 0.9 $60000 = $54000

In order to hedge your market exposure, you must sell $5400000 of the market index portfolio so that a 1% change in the index would result in a $54000 change in the value of the portfolio.
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