CHAPTER 17

OPTIONS AND C
ORPORATE FINANCE
Answers to Concept Questions

1.
A call option confers the right, without the obligation, to buy an asset at a given price on or before a given date. A put option confers the right, without the obligation, to sell an asset at a given price on or before a given date. You would buy a call option if you expect the price of the asset to increase. You would buy a put option if you expect the price of the asset to decrease. A call option has unlimited potential profit, while a put option has limited potential profit; the underlying asset’s price cannot be less than zero.

2.
a.
The buyer of a call option pays money for the right to buy....


b.
The buyer of a put option pays money for the right to sell....


c.
The seller of a call option receives money for the obligation to sell....


d.
The seller of a put option receives money for the obligation to buy....

3.
An American option can be exercised on any date up to and including the expiration date. A European option can only be exercised on the expiration date. Since an American option gives its owner the right to exercise on any date up to and including the expiration date, it must be worth at least as much as a European option, if not more.

4.
The intrinsic value of a call is Max[S – E, 0]. The intrinsic value of a put is Max[E – S, 0]. The intrinsic value of an option is the value at expiration.
5.
The call is selling for less than its intrinsic value; an arbitrage opportunity exists. Buy the call for $10, exercise the call by paying $35 in return for a share of stock, and sell the stock for $50. You’ve made a riskless $5 profit. 

6.
The prices of both the call and the put option should increase. The higher level of downside risk still results in an option price of zero, but the upside potential is greater since there is a higher probability that the asset will finish in the money.

7.
False. The value of a call option depends on the total variance of the underlying asset, not just the systematic variance.

8.
The call option will sell for more since it provides an unlimited profit opportunity, while the potential profit from the put is limited (the stock price cannot fall below zero).

9.
The value of a call option will increase, and the value of a put option will decrease.

10.
The reason they don’t show up is that the U.S. government uses cash accounting; i.e., only actual cash inflows and outflows are counted, not contingent cash flows. From a political perspective, they would make the deficit larger, so that is another reason not to count them!  Whether they should be included depends on whether we feel cash accounting is appropriate or not, but these contingent liabilities should be measured and reported. They currently are not, at least not in a systematic fashion.

11.
Increasing the time to expiration increases the value of an option. The reason is that the option gives the holder the right to buy or sell. The longer the holder has that right, the more time there is for the option to increase (or decrease in the case of a put) in value. For example, imagine an out-of-the-money option that is about to expire. Because the option is essentially worthless, increasing the time to expiration would obviously increase its value.

12.
An increase in volatility acts to increase both call and put values because the greater volatility increases the possibility of favorable in-the-money payoffs.

13. 
A put option is insurance since it guarantees the policyholder will be able to sell the asset for a specific price. Consider homeowners insurance. If a house burns down, it is essentially worthless. In essence, the homeowner is selling the worthless house to the insurance company for the amount of insurance.

14.
The equityholders of a firm financed partially with debt can be thought as holding a call option on the assets of the firm with a strike price equal to the debt’s face value and a time to expiration equal to the debt’s time to maturity. If the value of the firm exceeds the face value of the debt when it matures, the firm will pay off the debtholders in full, leaving the equityholders with the firm’s remaining assets. However, if the value of the firm is less than the face value of debt when it matures, the firm must liquidate all of its assets in order to pay off the debtholders, and the equityholders receive nothing. Consider the following:  


Let VL = the value of a firm financed with both debt and equity


FV(debt) = the face value of the firm’s outstanding debt at maturity

	
	
	If VL < FV(debt)
	If VL > FV(debt)

	
	Payoff to debtholders
	VL
	FV(debt)

	
	Payoff to equityholders
	0
	VL – FV(debt)

	
	
	VL
	VL



Notice that the payoff to equityholders is identical to a call option of the form Max(0, ST – K), where the stock price at expiration (ST) is equal to the value of the firm at the time of the debt’s maturity and the strike price (K) is equal to the face value of outstanding debt.

15.
Since you have a large number of stock options in the company, you have an incentive to accept the second project, which will increase the overall risk of the company and reduce the value of the firm’s debt. However, accepting the risky project will increase your wealth, as the options are more valuable when the risk of the firm increases.

16.
Rearranging the put-call parity formula, we get: S – PV(E) = C – P. Since we know that the stock price and exercise price are the same, assuming a positive interest rate, the left hand side of the equation must be greater than zero. This implies the price of the call must be higher than the price of the put in this situation.


17.
Rearranging the put-call parity formula, we get: S – PV(E) = C – P. If the call and the put have the same price, we know C – P = 0. This must mean the stock price is equal to the present value of the exercise price, so the put is in the money.
18.
A stock can be replicated using a long call (to capture the upside gains), a short put (to reflect the downside losses) and a T-bill (to reflect the time value component – the “wait” factor).

Solutions to Questions and Problems

NOTE: All end-of-chapter problems were solved using a spreadsheet. Many problems require multiple steps. Due to space and readability constraints, when these intermediate steps are included in this solutions manual, rounding may appear to have occurred. However, the final answer for each problem is found without rounding during any step in the problem.


Basic
1.
a.
The value of the call is the stock price minus the present value of the exercise price, so:



C0 = $55 – [$45/1.045] = $11.94    



The intrinsic value is the amount by which the stock price exceeds the exercise price of the call, so the intrinsic value is $10.


b.
The value of the call is the stock price minus the present value of the exercise price, so:



C0 = $55 – [$35/1.045] = $21.51    



The intrinsic value is the amount by which the stock price exceeds the exercise price of the call, so the intrinsic value is $20.


c.
The value of the put option is $0 since there is no possibility that the put will finish in the money. The intrinsic value is also $0.

2.
a.
The calls are in the money. The intrinsic value of the calls is $3.


b.
The puts are out of the money. The intrinsic value of the puts is $0.


c.
The Mar call and the Oct put are mispriced. The call is mispriced because it is selling for less than its intrinsic value. If the option expired today, the arbitrage strategy would be to buy the call for $2.80, exercise it and pay $70 for a share of stock, and sell the stock for $73. A riskless profit of $0.20 results. The October put is mispriced because it sells for less than the July put. To take advantage of this, sell the July put for $3.90 and buy the October put for $3.65, for a cash inflow of $0.25. The exposure of the short position is completely covered by the long position in the October put, with a positive cash inflow today.

3.
a.
Each contract is for 100 shares, so the total cost is:



Cost = 10(100 shares/contract)($3.10) 



Cost = $3,100

b.
If the stock price at expiration is $130, the payoff is:



Payoff = 10(100)($130 – 110) 



Payoff = $20,000



If the stock price at expiration is $121, the payoff is:



Payoff = 10(100)($121 – 110) 



Payoff = $11,000

c.
Remembering that each contract is for 100 shares of stock, the cost is:



Cost = 10(100)($10.05) 



Cost = $10,050 



The maximum gain on the put option would occur if the stock price goes to $0. We also need to subtract the initial cost, so:



Maximum gain = 10(100)($110) – $10,050 



Maximum gain = $99,950


If the stock price at expiration is $102, the position will have a value of:



Value = 10(100)($110 – 102) 



Value = $8,000



So, the net gain to your position is the value at expiration minus the cost of the position, or:



Net gain = $8,000 – 10,050


Net gain = –$2,050

d.
At a stock price of $102 the put is in the money. As the writer, you will make: 



Net profit = $10,050 – 10(100)($110 – 102) 



Net profit = $2,050


At a stock price of $124 the put is out of the money, so the writer will make the initial cost:



Net gain = $10,050


At the breakeven, you would recover the initial cost of $10,050, so: 



$10,050 = 10(100)($110 – ST) 



ST = $99.95 



For terminal stock prices above $99.95, the writer of the put option makes a net profit (ignoring transaction costs and the effects of the time value of money).

4.
a.
The value of the call is the stock price minus the present value of the exercise price, so:



C0 = $82 – 75/1.051 



C0 = $10.64

b.
Using the equation presented in the text to prevent arbitrage, we find the value of the call is:



$82 = [($93 – 77)/($93 – 85)]C0 + $77/1.051    



C0 = $4.37
5.
a.
The value of the call is the stock price minus the present value of the exercise price, so:



C0 = $75 – $45/1.039 



C0 = $31.69

b.
Using the equation presented in the text to prevent arbitrage, we find the value of the call is:



$75 = [($85 – 65)/($85 – 70)]C0 + $65/1.039


C0 = $9.33
6.
Using put-call parity and solving for the put price, we get:


$46.50 + P = $50e–(.039)(3/12) + $3.05 


P = $6.06
7.
Using put-call parity and solving for the call price we get:


$67 + $2.03 = $65e–(.049)(6/12) + C 


C = $5.60
8.
Using put-call parity and solving for the stock price we get:


S + $2.90 = $72e–(.042)(3/12) + $6.20

S = $74.55
9.
Using put-call parity, we can solve for the risk-free rate as follows:


$88.49 + $5.83 = $85e–R(4/12) + $10.00


$84.32 = $85e–R(4/12) 


0.9920 = e–R(4/12)



ln(0.9920) = ln(e–R(4/12))


–0.0080 = –R(4/12)


Rf = .0241 or 2.41%

10.
Using the Black-Scholes option pricing model to find the price of the call option, we find:


d1 = [ln($57/$55) + (.06 + .362/2) ( (3/12)] / (.36 ( 
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/
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) = .3718

d2 = .3718 – (.36 ( 
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/

3

) = .1918    


N(d1) = .6450    


N(d2) = .5760

Putting these values into the Black-Scholes model, we find the call price is:


C = $57(.6450) – ($55e–.06(.25))(.5760) = $5.55

Using put-call parity, the put price is:


Put = $55e–.06(.25) + 5.55 – 57 = $2.73
11.
Using the Black-Scholes option pricing model to find the price of the call option, we find:


d1 = [ln($73/$70) + (.04 + .492/2) ( (9/12)] / (.49 ( 
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/

9

) = .3818    


d2 = .3818 – (.49 ( 
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/

9

) = –.0426    


N(d1) = .6487

N(d2) = .4830

Putting these values into the Black-Scholes model, we find the call price is:


C = $73(.6487) – ($70e–.04(9/12))(.4830) = $14.54

Using put-call parity, the put price is:


Put = $70e–.04(9/12) + 14.54 – 73 = $9.47
12.
The delta of a call option is N(d1), so:


d1 = [ln($47/$45) + (.06 + .432/2) ( .75] / (.43 ( 
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.

) = .4238

N(d1) = .6641

For a call option the delta is .66. For a put option, the delta is:


Put delta = .66 – 1 = –.34 


The delta tells us the change in the price of an option for a $1 change in the price of the underlying asset.

13.
Using the Black-Scholes option pricing model, with a ‘stock’ price is $1,200,000 and an exercise price is $1,400,000, the price you should receive is:



d1 = [ln($1,200,000/$1,400,000) + (.05 + .252/2) ( (12/12)] / (.25 ( 
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) = –.2916    


d2 = –.2916 – (.25 ( 
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) = –.5416    


N(d1) = .3853

N(d2) = .2940

Putting these values into the Black-Scholes model, we find the call price is:


C = $1,200,000(.3853) – ($1,400,000e–.05(1))(.2940) = $70,766.80
14.
Using the call price we found in the previous problem and put-call parity, you would need to pay:


Put = $1,400,000e–.05(1) + 70,766.80 – 1,200,000 = $202,488.00 


You would have to pay $202,488.00 in order to guarantee the right to sell the land for $1,400,000.

15.
Using the Black-Scholes option pricing model to find the price of the call option, we find:


d1 = [ln($62/$65) + (.06 + .472/2) ( (3/12)] / (.47 ( 
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) = -.0197

d2 = -.0197 – (.47 ( 
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) = –.2547    


N(d1) = .4921    


N(d2) = .3995

Putting these values into the Black-Scholes model, we find the call price is:


C = $62(.4921) – ($65e–.06(.25))(.3995) = $4.93

Using put-call parity, we find the put price is:


Put = $65e–.06(.25) + 4.93 – 62 = $6.97

a. 
The intrinsic value of each option is:



Call intrinsic value = Max[S – E, 0] = $0



Put intrinsic value = Max[E – S, 0] = $3

b. 
Option value consists of time value and intrinsic value, so:



Call option value = Intrinsic value + Time value



$4.93 = $0 + TV



TV = $4.93

    
Put option value = Intrinsic value + Time value



$6.97 = $3 + TV 



TV = $3.97

c. 
The time premium (theta) is more important for a call option than a put option; therefore, the time premium is, in general, larger for a call option.

16.
The stock price can either increase 18 percent, or decrease 18 percent. The stock price at expiration will either be:


Stock price increase = $54(1 + .18) = $63.72

Stock price decrease = $54(1 – .18) = $44.28 


The payoff in either state will be the maximum stock price minus the exercise price, or zero, which is:


Payoff if stock price increases = Max[$63.72 – 50, 0] = $13.72

Payoff if stock price decreases = Max[$44.28 – 50, 0] = $0


To get a 18 percent return, we can use the following expression to determine the risk-neutral probability of a rise in the price of the stock:


Risk-free rate = (ProbabilityRise)(ReturnRise) + (ProbabilityFall)(ReturnFall)


.08 = (ProbabilityRise)(.18) + (1 – ProbabilityRise)(–.18)


ProbabilityRise = .7222

And the probability of a stock price decrease is:


ProbabilityFall = 1 – .7222 = .2778

So, the risk neutral value of a call option will be:


Call value = [(.7222 × $13.72) + (.2778 × $0)] / (1 + .08)


Call value = $9.17
17.
The stock price increase, decrease, and option payoffs will remain unchanged since the stock price change is the same. The new risk neutral probability of a stock price increase is:


Risk-free rate = (ProbabilityRise)(ReturnRise) + (ProbabilityFall)(ReturnFall)


.04 = (ProbabilityRise)(.18) + (1 – ProbabilityRise)(–.18)


ProbabilityRise = .6111

And the probability of a stock price decrease is:


ProbabilityFall = = 1 – .6111 = .3889

So, the risk neutral value of a call option will be:


Call value = [(.6111 × $13.72) + (.3889 × $0)] / (1 + .04)


Call value = $8.06

Intermediate
18.
If the exercise price is equal to zero, the call price will equal the stock price, which is $105.

19.
If the standard deviation is zero, d1 and d2 go to +(, so N(d1) and N(d2) go to 1. This is the no risk call option formula, which is: 


C = S – Ee–rt 


C = $80 – $74e–.07(6/12) = $8.55
20.
If the standard deviation is infinite, d1 goes to positive infinity so N(d1) goes to 1, and d2 goes to negative infinity so N(d2) goes to 0. In this case, the call price is equal to the stock price, which is $44.

21.
We can use the Black-Scholes model to value the equity of a firm. Using the asset value of $15,800 as the stock price, and the face value of debt of $15,000 as the exercise price, the value of the firm’s equity is:


d1 = [ln($15,800/$15,000) + (.06 + .262/2) ( 1] / (.26 ( 
[image: image10.wmf]1

) = .5606

d2 = .5606 – (.26 ( 
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) = .3006

N(d1) = .7125

N(d2) = .6181

Putting these values into the Black-Scholes model, we find the equity value is:


Equity = $15,800(.7125) – ($15,000e–.06(1))(.6181) = $2,524.81   


The value of the debt is the firm value minus the value of the equity, so:


Debt = $15,800 – 2,524.81 = $13,275.19
22.
a.
We can use the Black-Scholes model to value the equity of a firm. Using the asset value of $16,600 (=$10,500 + 800) as the stock price, and the face value of debt of $15,000 as the exercise price, the value of the firm if it accepts project A is:



d1 = [ln($16,600/$15,000) + (.06 + .502/2) ( 1] / (.50 ( 
[image: image12.wmf]1

) = .5727


d2 = .5727 – (.50 ( 
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) = .0727


N(d1) = .7166    



N(d2) = .5290


Putting these values into the Black-Scholes model, we find the equity value is:



EA = $16,600(.7166) – ($15,000e–.06(1))(.5290) = $4,422.58


The value of the debt is the firm value minus the value of the equity, so:



DA = $16,600 – 4,422.58 = $12,177.42


And the value of the firm if it accepts Project B is:



d1 = [ln($17,100/$15,000) + (.06 + .232/2) ( 1] / (.23 ( 
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) = .9456


d2 = .9456 – (.23 ( 
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) = .7156


N(d1) = .8278    



N(d2) = .7629


Putting these values into the Black-Scholes model, we find the equity value is:



EB = $17,100(.8278) – ($15,000e–.06(1))(.7629) = $3,378.97


The value of the debt is the firm value minus the value of the equity, so:



DB = $17,100 – 3,378.97 = $13,751.03

b.
Although the NPV of project B is higher, the equity value with project A is higher. While NPV represents the increase in the value of the assets of the firm, in this case, the increase in the value of the firm’s assets resulting from project B is mostly allocated to the debtholders, resulting in a smaller increase in the value of the equity. Stockholders would, therefore, prefer project A even though it has a lower NPV.


c.
Yes. If the same group of investors have equal stakes in the firm as bondholders and stock-holders, then total firm value matters and project B should be chosen, since it increases the value of the firm to $17,100 instead of $16,600.


d.
Stockholders may have an incentive to take on riskier, less profitable projects if the firm is leveraged; the higher the firm’s debt load, all else the same, the greater is this incentive.

23.
We can use the Black-Scholes model to value the equity of a firm. Using the asset value of $22,000 as the stock price, and the face value of debt of $20,000 as the exercise price, the value of the firm’s equity is:


d1 = [ln($27,300/$25,000) + (.06 + .342/2) ( 1] / (.34 ( 
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) = .6053

d2 = .6053 – (.34 ( 
[image: image17.wmf]1

) = .2653

N(d1) = .7275

N(d2) = .6046

Putting these values into the Black-Scholes model, we find the equity value is:


Equity = $27,300(.7275) – ($25,000e–.06(1))(.6046) = $5,626.00   


The value of the debt is the firm value minus the value of the equity, so:


Debt = $27,300 – 5,626.00 = $21,674.00

The return on the company’s debt is:


$21,674 = $25,000e–R(1) 


.86696 = e–R 


RD = –ln(.86696) = .1428 or 14.28%

24.
a.

The combined value of equity and debt of the two firms is:




Equity = $2,524.81 + 5,626.00 = $8,150.81 




Debt = $13,275.19 + 21,674.00 = $34,949.19

b.

For the new firm, the combined market value of assets is $43,100, and the combined face value of debt is $40,000. Using Black-Scholes to find the value of equity for the new firm, we find:




d1 = [ln($43,100/$40,000) + (.06 + .162/2) ( 1] / (.16 ( 
[image: image18.wmf]1

) = .9215



d2 = .9215 – (.16 ( 
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) = .7615



N(d1) = .8216


N(d2) = .7768



Putting these values into the Black-Scholes model, we find the equity value is:




Equity = $43,100(.8216) – ($40,000e–.06(1))(.7768) = $6,147.90



The value of the debt is the firm value minus the value of the equity, so:


   

Debt = $43,100 – 6,147.90 = $36,952.10

c. 
The change in the value of the firm’s equity is:




Equity value change = $6,147.90 – 8,150.81 = –$2,002.91



The change in the value of the firm’s debt is:




Debt value change = $36,952.10 – 34,949.19 = $2,002.91

d.
In a purely financial merger, when the standard deviation of the assets declines, the value of the equity declines as well. The shareholders will lose exactly the amount the bondholders gain. The bondholders gain as a result of the coinsurance effect. That is, it is less likely that the new company will default on the debt.

25.
a.
Using Black-Scholes model to value the equity, we get:



d1 = [ln($18,500,000/$20,000,000) + (.06 + .452/2) ( 10] / (.45 ( 
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1

) = 1.0784


d2 = 1.0784 – (.45 ( 
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1

) = –.3447


N(d1) = .8596    



N(d2) = .3652


Putting these values into Black-Scholes:



E = $18,500,000(.8596) – ($20,000,000e–.06(10))(.3652) = $11,893,698.21   


b.
The value of the debt is the firm value minus the value of the equity, so:



D = $18,500,000 – 11,893,698.21 = $6,606,301.79




c.
Using the equation for the PV of a continuously compounded lump sum, we get:



$6,606,301.79 = $20,000,000e–R(10) 



.3303 = e–R10 



RD = –(1/10)ln(.3303) = .1108 or 11.08%


d.
Using Black-Scholes model to value the equity, we get:



d1 = [ln($20,300,000/$20,000,000) + (.06 + .452/2) ( 10] / (.45 ( 
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) = 1.1436


d2 = 1.1436 – (.45 ( 
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1

) = –.2794


N(d1) = .8736    



N(d2) = .3900


Putting these values into Black-Scholes:



Equity = $20,300,000(.8736) – ($20,000,000e–.06(10))(.3900) = $13,453,901.22

e.
The value of the debt is the firm value minus the value of the equity, so:



Debt = $20,300,000 – 13,453,901.22 = $6,846,098.78


Using the equation for the PV of a continuously compounded lump sum, we get:



$6,846,098.78 = $20,000,000e–R(10) 



.3423 = e–R10 



RD = –(1/10)ln(.3423) = .1072 or 10.72%



When the firm accepts the new project, part of the NPV accrues to bondholders. This increases the present value of the bond, thus reducing the return on the bond. Additionally, the new project makes the firm safer in the sense that it increases the value of assets, thus increasing the probability the call will end in-the-money and the bondholders will receive their payment.

26.
a.
In order to solve a problem using the two-state option model, we first need to draw a stock price tree containing both the current stock price and the stock’s possible values at the time of the option’s expiration. Next, we can draw a similar tree for the option, designating what its value will be at expiration given either of the 2 possible stock price movements.

	
	Price of stock
	
	Call option price with a strike of $90

	
	
	
	
	
	
	
	
	

	
	Today
	
	1 year
	
	Today
	
	1 year
	

	
	
	
	
	
	
	
	
	

	
	
	
	$99
	
	
	
	$+ 
	=Max(0, $99 – 90)

	
	
	
	
	
	
	
	
	

	
	$86
	
	
	
	?
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	$75
	
	
	
	$0
	=Max(0, $75 – 90)

	
	
	
	
	
	
	
	
	




The stock price today is $86. It will either increase to $99 or decrease to $75 in one year. If the stock price rises to $99, the call will be exercised for $90 and a payoff of $9 will be received at expiration. If the stock price falls to $75, the option will not be exercised, and the payoff at expiration will be zero.



If the stock price rises, its return over the period is 15.12 percent [= ($99/$86) – 1]. If the stock price falls, its return over the period is –12.79 percent [= ($75/$86) –1]. We can use the following expression to determine the risk-neutral probability of a rise in the price of the stock:



Risk-free rate = (ProbabilityRise)(ReturnRise) + (ProbabilityFall)(ReturnFall)



Risk-free rate = (ProbabilityRise)(ReturnRise) + (1 – ProbabilityRise)(ReturnFall)



.055 

= (ProbabilityRise)(0.1512) + (1 – ProbabilityRise)(–0.1279)



ProbabilityRise
= .6554 or 65.54%



This means the risk neutral probability of a stock price decrease is:



ProbabilityFall
= 1 – ProbabilityRise


ProbabilityFall
= 1 – .6554


ProbabilityFall
= .3446 or 34.46%



Using these risk-neutral probabilities, we can now determine the expected payoff of the call option at expiration. The expected payoff at expiration is:



Expected payoff at expiration = (.6554)($9) + (.3446)($0) 



Expected payoff at expiration = $5.90


Since this payoff occurs 1 year from now, we must discount it back to the value today. Since we are using risk-neutral probabilities, we can use the risk-free rate, so:



PV(Expected payoff at expiration) = $5.90 / 1.055 



PV(Expected payoff at expiration) = $5.59


Therefore, given the information about the stock price movements over the next year, a European call option with a strike price of $90 and one year until expiration is worth $5.59 today.

b.
Yes, there is a way to create a synthetic call option with identical payoffs to the call option described above. In order to do this, we will need to buy shares of stock and borrow at the risk-free rate. The number of shares to buy is based on the delta of the option, where delta is defined as:



Delta = (Swing of option) / (Swing of stock)



Since the call option will be worth $9 if the stock price rises and $0 if it falls, the delta of the option is $9 (= 9 – 0). Since the stock price will either be $99 or $75 at the time of the option’s expiration, the swing of the stock is $24 (= $99 – 75). With this information, the delta of the option is:



Delta 
= $9 / $24


Delta = .3750


Therefore, the first step in creating a synthetic call option is to buy .3750 shares of the stock. Since the stock is currently trading at $86 per share, this will cost $32.25 [= .3750($86)]. In order to determine the amount that we should borrow, compare the payoff of the actual call option to the payoff of delta shares at expiration.



Call Option



If the stock price rises to $99:

Payoff = $9


If the stock price falls to $75:
 
Payoff = $0



Delta Shares 



If the stock price rises to $99:

Payoff = (.3750)($99) = $37.13


If the stock price falls to $75:

Payoff = (.3750)($75) = $28.13


The payoff of his synthetic call position should be identical to the payoff of an actual call option. However, owning .3750 shares leaves us exactly $28.13 above the payoff at expiration, regardless of whether the stock price rises or falls. In order to reduce the payoff at expiration by $28.13, we should borrow the present value of $28.13 now. In one year, the obligation to pay $28.13 will reduce the payoffs so that they exactly match those of an actual call option. So, purchase .3750 shares of stock and borrow $26.66 (= $28.13 / 1.055) in order to create a synthetic call option with a strike price of $90 and 1 year until expiration.

c.
Since the cost of the stock purchase is $32.25 to purchase .3750 shares and $26.66 is borrowed, the total cost of the synthetic call option is:



Cost of synthetic option = $32.25 – 26.66


Cost of synthetic option = $5.59


This is exactly the same price as an actual call option. Since an actual call option and a synthetic call option provide identical payoff structures, we should not expect to pay more for one than for the other.

27.
a.
In order to solve a problem using the two-state option model, we first draw a stock price tree containing both the current stock price and the stock’s possible values at the time of the option’s expiration. Next, we can draw a similar tree for the option, designating what its value will be at expiration given either of the 2 possible stock price movements.

	
	Price of stock
	
	Put option price with a strike of $75

	
	
	
	
	
	
	
	
	

	
	Today
	
	6 months
	
	Today
	
	6 months
	

	
	
	
	
	
	
	
	
	

	
	
	
	$84
	
	
	
	$0 
	=Max(0, $75 – 84)

	
	
	
	
	
	
	
	
	

	
	$72
	
	
	
	?
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	$61
	
	
	
	$14
	=Max(0, $75 – 61)

	
	
	
	
	
	
	
	
	




The stock price today is $72. It will either decrease to $61 or increase to $84 in six months. If the stock price falls to $61, the put will be exercised and the payoff will be $14. If the stock price rises to $84, the put will not be exercised, so the payoff will be zero.



If the stock price rises, its return over the period is 16.67% [= (84/72) – 1]. If the stock price falls, its return over the period is –15.28% [= (61/72) –1]. Use the following expression to determine the risk-neutral probability of a rise in the price of the stock:



Risk-free rate = (ProbabilityRise)(ReturnRise) + (ProbabilityFall)(ReturnFall)



Risk-free rate = (ProbabilityRise)(ReturnRise) + (1 – ProbabilityRise)(ReturnFall)



The risk-free rate over the next six months must be used in order to match the timing of the expected stock price change. Since the risk-free rate per annum is 6 percent, the risk-free rate over the next six months is 2.96 percent [= (1.06)1/2 –1], so.



Risk-free rate = (ProbabilityRise)(ReturnRise) + (ProbabilityFall)(ReturnFall)



0.0296
= (ProbabilityRise)(.1667) + (1 – ProbabilityRise)(–.1528)



ProbabilityRise
 = .5708 or 57.08%



Which means the risk-neutral probability of a decrease in the stock price is:



ProbabilityFall
= 1 – ProbabilityRise


ProbabilityFall
= 1 – .5708


ProbabilityFall
= .4292 or 42.92%



Using these risk-neutral probabilities, we can determine the expected payoff to the put option at expiration as:



Expected payoff at expiration = (.5708)($0) + (.4292)($14) 



Expected payoff at expiration = $6.01


Since this payoff occurs 6 months from now, we must discount it at the risk-free rate in order to find its present value, which is:



PV(Expected payoff at expiration) = $5.59 / (1.06)1/2  



PV(Expected payoff at expiration) = $5.84


Therefore, given the information about the stock price movements over the next six months, a European put option with a strike price of $75 and six months until expiration is worth $5.84 today.


b.
Yes, there is a way to create a synthetic put option with identical payoffs to the put option described above. In order to do this, we need to short shares of the stock and lend at the risk-free rate. The number of shares that should be shorted is based on the delta of the option, where delta is defined as: 



Delta = (Swing of option) / (Swing of stock)



Since the put option will be worth $0 if the stock price rises and $14 if it falls, the swing of the call option is –$14 (= $0 – 14). Since the stock price will either be $84 or $61 at the time of the option’s expiration, the swing of the stock is $23 (= $84 – 61). 
Given this information, the delta of the put option is:



Delta 
= (Swing of option) / (Swing of stock)



Delta = (–$14 / $23) 



Delta = –.6087


Therefore, the first step in creating a synthetic put option is to short .6087 shares of stock. Since the stock is currently trading at $72 per share, the amount received will be $43.83 (= .6087 × $72) as a result of the short sale. In order to determine the amount to lend, compare the payoff of the actual put option to the payoff of delta shares at expiration.



Put option



If the stock price rises to $84:
 
Payoff = $0



If the stock price falls to $61:
 
Payoff = $14


Delta shares 



If the stock price rises to $84:

Payoff = (–.6087)($84) = –$51.13


If the stock price falls to $61:

Payoff = (–.6087)($61) = –$37.13


The payoff of the synthetic put position should be identical to the payoff of an actual put option. However, shorting .6087 of a share leaves us exactly $51.13 below the payoff at expiration, whether the stock price rises or falls. In order to increase the payoff at expiration by $51.13, we should lend the present value of $51.13 now. In six months, we will receive $51.13, which will increase the payoffs so that they exactly match those of an actual put option. So, the amount to lend is:



Amount to lend = $51.13 / 1.061/2



Amount to lend = $49.66

c.
Since the short sale results in a positive cash flow of $43.83 and we will lend $49.66, the total cost of the synthetic put option is:



Cost of synthetic put = $49.66 – 43.82


Cost of synthetic put = $5.836


This is exactly the same price as an actual put option. Since an actual put option and a synthetic put option provide identical payoff structures, we should not expect to pay more for one than for the other.

28.
a.
The company would be interested in purchasing a call option on the price of gold with a strike price of $1,140 per ounce and 3 months until expiration. This option will compensate the company for any increases in the price of gold above the strike price and places a cap on the amount the firm must pay for gold at $1,140 per ounce.


b.
In order to solve a problem using the two-state option model, first draw a price tree containing both the current price of the underlying asset and the underlying asset’s possible values at the time of the option’s expiration. Next, draw a similar tree for the option, designating what its value will be at expiration given either of the 2 possible gold price movements.

	
	Price of gold
	
	Call option price with a strike of $1,140

	
	
	
	
	
	
	
	
	

	
	Today
	
	3 months
	
	Today
	
	3 months
	

	
	
	
	
	
	
	
	
	

	
	
	
	$1,230
	
	
	
	$90 
	=Max(0,$1,230–1,140)

	
	
	
	
	
	
	
	
	

	
	$1,100
	
	
	
	?
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	$925
	
	
	
	$0
	=Max(0, $925 – 1,140)

	
	
	
	
	
	
	
	
	


The price of gold is $1,100 per ounce today. If the price rises to $1,230, the company will exercise its call option for $1,140 and receive a payoff of $90 at expiration. If the price of gold falls to $925, the company will not exercise its call option, and the firm will receive no payoff at expiration. If the price of gold rises, its return over the period is 11.82 percent [= ($1,230 / $1,100) – 1]. If the price of gold falls, its return over the period is –15.91 percent [= ($925 / $1,100) –1]. Use the following expression to determine the risk-neutral probability of a rise in the price of gold:



Risk-free rate = (ProbabilityRise)(ReturnRise) + (ProbabilityFall)(ReturnFall)



Risk-free rate = (ProbabilityRise)(ReturnRise) + (1 - ProbabilityRise)(ReturnFall)



The risk-free rate over the next three months must be used in the order to match the timing of the expected price change. Since the risk-free rate per annum is 7 percent, the risk-free rate over the next three months is 1.71 percent [= (1.07)1/4 – 1], so:



.0171

= (ProbabilityRise)(.1182) + (1 – ProbabilityRise)(–.1591)



ProbabilityRise
= .6353 or 63.53%



And the risk-neutral probability of a price decline is:



ProbabilityFall
= 1 – ProbabilityRise


ProbabilityFall
= 1 –.6353


ProbabilityFall
= .3647 or 36.47% 



Using these risk-neutral probabilities, we can determine the expected payoff to of the call option at expiration, which will be.



Expected payoff at expiration = (.6353)($90) + (.3647)($0) 



Expected payoff at expiration = $57.18


Since this payoff occurs 3 months from now, it must be discounted at the risk-free rate in order to find its present value. Doing so, we find:



PV(Expected payoff at expiration) = $57.18 / (1.07)1/4  



PV(Expected payoff at expiration) = $56.22


Therefore, given the information about gold’s price movements over the next three months, a European call option with a strike price of $1,140 and three months until expiration is worth $56.22 today.


c.
Yes, there is a way to create a synthetic call option with identical payoffs to the call option described above. In order to do this, the company will need to buy gold and borrow at the risk-free rate. The amount of gold to buy is based on the delta of the option, where delta is defined as:



Delta = (Swing of option) / (Swing of price of gold)



Since the call option will be worth $90 if the price of gold rises and $0 if it falls, the swing of the call option is $90 (= $90 – 0). Since the price of gold will either be $1,230 or $925 at the time of the option’s expiration, the swing of the price of gold is $305 (= $1,230 – 925). Given this information the delta of the call option is:



Delta 
= Swing of option / Swing of price of gold



Delta = $90 / $305 



Delta = .2951


Therefore, the first step in creating a synthetic call option is to buy .2951 of an ounce of gold. Since gold currently sells for $1,100 per ounce, the company will pay $324.59 (= .2951 × $1,100) to purchase .2951 of an ounce of gold. In order to determine the amount that should be borrowed, compare the payoff of the actual call option to the payoff of delta shares at expiration.



Call Option



If the price of gold rises to $1,230:
Payoff = $90


If the price of gold falls to $925:
Payoff = $0



Delta Shares 



If the price of gold rises to $1,230:
Payoff = (.2951)($1,230) = $362.95


If the price of gold falls to $925:
Payoff = (.2951)($925) = $272.95


The payoff of this synthetic call position should be identical to the payoff of an actual call option. However, buying .2951 of an ounce of gold leaves us exactly $272.95 above the payoff at expiration, whether the price of gold rises or falls. In order to decrease the company’s payoff at expiration by $272.95, it should borrow the present value of $272.95 now. In three months, the company must pay $272.95, which will decrease its payoffs so that they exactly match those of an actual call option. So, the amount to borrow today is:



Amount to borrow today = $272.95 / 1.071/4



Amount to borrow today = $268.37

d.
Since the company pays $324.59 in order to purchase gold and borrows $268.37, the total cost of the synthetic call option is $56.22 (= $324.59 – 268.37). This is exactly the same price for an actual call option. Since an actual call option and a synthetic call option provide identical payoff structures, the company should not expect to pay more for one than for the other.

29.

To construct the collar, the investor must purchase the stock, sell a call option with a high strike price, and buy a put option with a low strike price. So, to find the cost of the collar, we need to find the price of the call option and the price of the put option. We can use Black-Scholes to find the price of the call option, which will be:


Price of call option with $90 strike price:


d1 = [ln($75/$90) + (.055 + .452/2) ( (6/12)] / (.45 ( 
[image: image24.wmf])

12

/

6

(

) = –.3275

d2 = –.3275 – (.45 ( 
[image: image25.wmf]12

/

6

) = –.6457    


N(d1) = .3717    


N(d2) = .2593

Putting these values into the Black-Scholes model, we find the call price is:


C = $75(.3717) – ($90e–.055(6/12))(.2593) = $5.17

Now we can use Black-Scholes and put-call parity to find the price of the put option with a strike price of $60. Doing so, we find:


Price of put option with $60 strike price:


d1 = [ln($75/$60) + (.055 + .452/2) ( (6/12)] / (.45 ( 
[image: image26.wmf])

12

/

6

(

) = .9468

d2 = .9468 – (.45 ( 
[image: image27.wmf]12

/

6

) = .6286    


N(d1) = .8281    


N(d2) = .7352

Putting these values into the Black-Scholes model, we find the call price is:


C = $75(.8281) – ($60e–.055(6/12))(.7352) = $19.19

Rearranging the put-call parity equation, we get:


P = C – S + Xe–Rt


P = $19.19 – 75 + 60e–.055(6/12)


P = $2.57

So, the investor will buy the stock, sell the call option, and buy the put option, so the total cost is:


Total cost of collar = $75 – 5.17 + 2.57

Total cost of collar = $72.39

Challenge


30.
a.
Using the equation for the PV of a continuously compounded lump sum, we get:



PV = $50,000 ( e–.05(2) = $45,241.87  


b.
Using Black-Scholes model to value the equity, we get:



d1 = [ln($31,000/$50,000) + (.05 + .602/2) ( 2] / (.60 ( 
[image: image28.wmf]2

) = –.0213


d2 = –.0213 – (.60 ( 
[image: image29.wmf]2

) = –0.8698


N(d1) = .4915    



N(d2) = .1922


Putting these values into Black-Scholes:



Equity = $31,000(.4915) – ($50,000e–.05(2))(.1922) = $6,541.24


And using put-call parity, the price of the put option is:



Put = $50,000e–.05(2) + 6,541.24 – 31,000 = $20,783.11




c.
The value of a risky bond is the value of a risk-free bond minus the value of a put option on the firm’s equity, so:



Value of risky bond = $45,241.87 – 20,783.11 = $24,458.76


Using the equation for the PV of a continuously compounded lump sum to find the return on debt, we get:



$24,458.76 = $50,000e–R(2) 



.4892 = e–R2 



RD = –(1/2)ln(.4892) = .3575 or 35.75%


d.
The value of the debt with five years to maturity at the risk-free rate is:



PV = $50,000 ( e–.05(5) = $38,940.04


Using Black-Scholes model to value the equity, we get:



d1 = [ln($31,000/$50,000) + (.05 + .602/2) ( 5] / (.60 ( 
[image: image30.wmf]5

) = .5009


d2 = .5009 – (.60 ( 
[image: image31.wmf]5

) = –.8408


N(d1) = .6918    



N(d2) = .2002


Putting these values into Black-Scholes:



Equity = $31,000(.6918) – ($50,000e–.05(2))(.2002) = $13,647.55


And using put-call parity, the price of the put option is:



Put = $50,000e–.05(5) + $13,647.55 – $31,000 = $21,587.59


The value of a risky bond is the value of a risk-free bond minus the value of a put option on the firm’s equity, so:



Value of risky bond = $38,940.04 – 21,587.59 = $17,352.45


Using the equation for the PV of a continuously compounded lump sum to find the return on debt, we get:



$17,352.45 = $50,000e–R(5)  



.3470 = e–R5 



RD = –(1/5)ln(.3470) = .2117 or 21.17%



The value of the debt declines because of the time value of money, i.e., it will be longer until shareholders receive their payment. However, the required return on the debt declines. Under the current situation, it is not likely the company will have the assets to pay off bondholders. Under the new plan where the company operates for five more years, the probability of increasing the value of assets to meet or exceed the face value of debt is higher than if the company only operates for two more years. 

31.
a.
Using the equation for the PV of a continuously compounded lump sum, we get:



PV = $90,000 ( e–.06(5) = $66,673.64 


b.
Using Black-Scholes model to value the equity, we get:



d1 = [ln($74,000/$90,000) + (.06 + .502/2) ( 5] / (.50 ( 
[image: image32.wmf]5

) = .6523


d2 = .6523 – (.50 ( 
[image: image33.wmf]5

) = –.4658


N(d1) = .7429    



N(d2) = .3207


Putting these values into Black-Scholes:



Equity = $74,000(.7429) – ($90,000e–.06(5))(.3207) = $33,591.88


And using put-call parity, the price of the put option is:



Put = $90,000e–.06(5) + 33,591.88 – 74,000 = $26,265.52




c.
The value of a risky bond is the value of a risk-free bond minus the value of a put option on the firm’s equity, so:



Value of risky bond = $66,673.64 – 26,265.52 = $40,408.12


Using the equation for the PV of a continuously compounded lump sum to find the return on debt, we get:



Return on debt: $40,408.12 = $90,000e–R(5) 



.4490 = e–R(5) 



RD = –(1/5)ln(.4490) = .1602 or 16.02%


d.
Using the equation for the PV of a continuously compounded lump sum, we get:



PV = $90,000 ( e–.06(5) = $66,673.64


Using Black-Scholes model to value the equity, we get:



d1 = [ln($74,000/$90,000) + (.06 + .602/2) ( 5] / (.60 ( 
[image: image34.wmf]5

) = .7485


d2 = .7485 – (.60 ( 
[image: image35.wmf]5

) = –.5931


N(d1) = .7729


N(d2) = .2766


Putting these values into Black-Scholes:



Equity = $74,000(.7729) – ($90,000e–.06(5))(.2766) = $38,757.97


And using put-call parity, the price of the put option is:



Put = $90,000e–.06(5) + 38,757.97 – 74,000 = $31,431.61


The value of a risky bond is the value of a risk-free bond minus the value of a put option on the firm’s equity, so:



Value of risky bond = $66,673.64 – 31,431.61 = $35,242.03


Using the equation for the PV of a continuously compounded lump sum to find the return on debt, we get:



Return on debt: $35,242.03 = $90,000e–R(5) 



.3916 = e–R(5) 



RD = –(1/5)ln(.3916) = .1875 or 18.75%



The value of the debt declines. Since the standard deviation of the company’s assets increases, the value of the put option on the face value of the bond increases, which decreases the bond’s current value. 


e.
From c and d, bondholders lose: $35,242.03 – 40,408.12 = –$5,166.09


From c and d, stockholders gain: $38,757.97 – 33,591.88 = $5,166.09 



This is an agency problem for bondholders. Management, acting to increase shareholder wealth in this manner, will reduce bondholder wealth by the exact amount by which shareholder wealth is increased. 

32.
a.
Since the equityholders of a firm financed partially with debt can be thought of as holding a call option on the assets of the firm with a strike price equal to the debt’s face value and a time to expiration equal to the debt’s time to maturity, the value of the company’s equity equals a call option with a strike price of $120 million and 1 year until expiration. 



In order to value this option using the two-state option model, first draw a tree containing both the current value of the firm and the firm’s possible values at the time of the option’s expiration. Next, draw a similar tree for the option, designating what its value will be at expiration given either of the 2 possible changes in the firm’s value.



The value of the company today is $130 million. It will either increase to $170 million or decrease to $105 million in one year as a result of its new project. If the firm’s value increases to $170 million, the equityholders will exercise their call option, and they will receive a payoff of $50 million at expiration. However, if the firm’s value decreases to $105 million, the equityholders will not exercise their call option, and they will receive no payoff at expiration.

	
	Value of company (in millions)
	
	Equityholders’ call option price with a strike of $120

(in millions)

	
	
	
	
	
	
	
	
	

	
	Today
	
	1 year
	
	Today
	
	1 year
	

	
	
	
	
	
	
	
	
	

	
	
	
	$170
	
	
	
	$50 
	=Max(0, $170 – 120)

	
	
	
	
	
	
	
	
	

	
	$130
	
	
	
	?
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	$105
	
	
	
	$0
	=Max(0, $105 – 120)

	
	
	
	
	
	
	
	
	




If the project is successful and the company’s value rises, the percentage increase in value over the period is 30.77 percent [= ($170 / $130) – 1]. If the project is unsuccessful and the company’s value falls, the percentage decrease in value over the period is –19.23 percent [= ($105 / $130) –1]. We can determine the risk-neutral probability of an increase in the value of the company as:



Risk-free rate
= (ProbabilityRise)(ReturnRise) + (ProbabilityFall)(ReturnFall)



Risk-free rate
= (ProbabilityRise)(ReturnRise) + (1 – ProbabilityRise)(ReturnFall)



0.07 

= (ProbabilityRise)(.3077) + (1 – ProbabilityRise)(–.1923)



ProbabilityRise
= .5246 or 52.46%



And the risk-neutral probability of a decline in the company value is:



ProbabilityFall
= 1 – ProbabilityRise


ProbabilityFall
= 1 –.5246


ProbabilityFall
= .4754 or 47.54%

Using these risk-neutral probabilities, we can determine the expected payoff to the equityholders’ call option at expiration, which will be:



Expected payoff at expiration = (.5246)($50,000,000) + (.4754)($0) 



Expected payoff at expiration = $26,230,763.23
Since this payoff occurs 1 year from now, we must discount it at the risk-free rate in order to find its present value. So:



PV(Expected payoff at expiration) = ($26,230,763.23 / 1.07) 



PV(Expected payoff at expiration) = $24,514,737.60
Therefore, the current value of the company’s equity is $24,514,737.60. The current value of the company is equal to the value of its equity plus the value of its debt. In order to find the value of company’s debt, subtract the value of the company’s equity from the total value of the company:



VL = Debt + Equity



$130,000,000 = Debt + $24,514,737.60


Debt = $105,485,262.40

b.
To find the price per share, we can divide the total value of the equity by the number of shares outstanding. So, the price per share is:



Price per share = Total equity value / Shares outstanding



Price per share = $24,514,737.60 / 400,000



Price per share = $61.29



c.
The market value of the firm’s debt is $105,485,262.40. The present value of the same face amount of riskless debt is $112,149,532.71 (= $120,000,000 / 1.07). The firm’s debt is worth less than the present value of riskless debt since there is a risk that it will not be repaid in full. In other words, the market value of the debt takes into account the risk of default. Since there is a chance that the company might not repay its debtholders in full, the debt is worth less than $112,149,532.71.


d.
The value of the company today is $120 million. It will either increase to $195 million or decrease to $85 million in one year as a result of the new project. If the firm’s value increases to $195 million, the equityholders will exercise their call option, and they will receive a payoff of $75 million at expiration. However, if the firm’s value decreases to $85 million, the equityholders will not exercise their call option, and they will receive no payoff at expiration.

	
	Value of company (in millions)
	
	Equityholders’ call option price with a strike of $120

(in millions)

	
	
	
	
	
	
	
	
	

	
	Today
	
	1 year
	
	Today
	
	1 year
	

	
	
	
	
	
	
	
	
	

	
	
	
	$193
	
	
	
	$73 
	=Max(0, $193 – 120)

	
	
	
	
	
	
	
	
	

	
	$130
	
	
	
	?
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	$85
	
	
	
	$0
	=Max(0, $85 – 120)

	
	
	
	
	
	
	
	
	




If the project is successful and the company’s value rises, the increase in the value of the company over the period is 48.46 percent [= ($193 / $130) – 1]. If the project is unsuccessful and the company’s value falls, decrease in the value of the company over the period is –34.62 percent [= ($85 / $130) –1]. We can use the following expression to determine the risk-neutral probability of an increase in the value of the company:



Risk-free rate
= (ProbabilityRise)(ReturnRise) + (ProbabilityFall)(ReturnFall)



Risk-free rate
= (ProbabilityRise)(ReturnRise) + (1 - ProbabilityRise)(ReturnFall)



0.07 

= (ProbabilityRise)(.4846) + (1 – ProbabilityRise)(–.3462)



ProbabilityRise
= .5009 or 50.09%



So the risk-neutral probability of a decrease in the company value is:



ProbabilityFall
= 1 – ProbabilityRise


ProbabilityFall
= 1 – .5009


ProbabilityFall
= .4991 or 49.91%



Using these risk-neutral probabilities, we can determine the expected payoff to the equityholders’ call option at expiration, which is:



Expected payoff at expiration = (.5009)($73,000,000) + (.4991)($0) 



Expected payoff at expiration = $36,567,592.59



Since this payoff occurs 1 year from now, we must discount it at the risk-free rate in order to find its present value. So:



PV(Expected payoff at expiration) = ($36,597,592.59 / 1.07) 



PV(Expected payoff at expiration) = $34,175,320.18


Therefore, the current value of the firm’s equity is $34,175,320.18.


The current value of the company is equal to the value of its equity plus the value of its debt. In order to find the value of the company’s debt, we can subtract the value of the company’s equity from the total value of the company, which yields:



VL = Debt + Equity



$130,000,000 = Debt + $34,175,320.18


Debt = $95,824,679.82


And the new share price is:



Share price = Total equity / Shares



Share price = $34,175,320.18 / 400,000



Share price = $85.44


The riskier project increases the value of the company’s equity and decreases the value of the company’s debt. If the company takes on the riskier project, the company is less likely to be able to pay off its bondholders. Since the risk of default increases if the new project is undertaken, the value of the company’s debt decreases. Bondholders would prefer the company to undertake the more conservative project.

33.
a.
Going back to the chapter on dividends, the price of the stock will decline by the amount of the dividend (less any tax effects). Therefore, we would expect the price of the stock to drop when a dividend is paid, reducing the upside potential of the call by the amount of the dividend. The price of a call option will decrease when the dividend yield increases. 


b.
Using the Black-Scholes model with dividends, we get:



d1 = [ln($83/$85) + (.05 – .02 + .502/2) ( .5] / (.50 ( 
[image: image36.wmf]5

.

) = .1519


d2 = .1519 – (.50 ( 
[image: image37.wmf]5

.

) = –.2017


N(d1) = .5603    



N(d2) = .4201


C = $83e–(.02)(.5)(.5603) – ($85e–.05(.5))(.4201) = $11.22
34. 
a.
Going back to the chapter on dividends, the price of the stock will decline by the amount of the dividend (less any tax effects). Therefore, we would expect the price of the stock to drop when a dividend is paid. The price of put option will increase when the dividend yield increases. 


b.
Using put-call parity to find the price of the put option, we get:



$83e–.02(.5) + P = $85e–.05(.5) + 11.22


P = $11.95



35.
N(d1) is the probability that “z” is less than or equal to N(d1), so 1 – N(d1) is the probability that “z” is greater than N(d1). Because of the symmetry of the normal distribution, this is the same thing as the probability that “z” is less than N(–d1). So:


N(d1) – 1 = –N(–d1).


36.
From put-call parity: 



P = E × e–Rt + C – S 


Substituting the Black-Scholes call option formula for C and using the result in the previous question produces the put option formula:


P = E × e–Rt + C – S


P = E × e–Rt + S ×N(d1) – E × e–Rt ×N(d2) – S

P = S ×(N(d1) – 1) + E × e–Rt ×(1 – N(d2))


P = E × e–Rt ×N(–d2) – S × N(–d1)

37.
Based on Black-Scholes, the call option is worth $50! The reason is that present value of the exercise price is zero, so the second term disappears. Also, d1 is infinite, so N(d1) is equal to one. The problem is that the call option is European with an infinite expiration, so why would you pay anything for it since you can never exercise it? The paradox can be resolved by examining the price of the stock. Remember that the call option formula only applies to a non-dividend paying stock. If the stock will never pay a dividend, it (and a call option to buy it at any price) must be worthless.

38.
The delta of the call option is N(d1) and the delta of the put option is N(d1) – 1. Since you are selling a put option, the delta of the portfolio is N(d1) – [N(d1) – 1]. This leaves the overall delta of your position as 1. This position will change dollar for dollar in value with the underlying asset. This position replicates the dollar “action” on the underlying asset. 
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