Solutions to Assignment #1 Futures, Options and other Derivatives

1.28 The correct forward price 18 Fy = Sy (1 +v) = 500({1 4 0.10) = 550. As the forward price

currently is §700, the arbitrageur should
1. borrow $500 at the 10% rate
2. buy one ounce of gold at $500
3. take a short position on the one-year forward contract with delivery price $700
4. sell the cunce of gold one year later for $700
5. pay loan at §550 = 500 (1 +0.10)

1.29 The bullish investor has two alternatives: A and B. The option A invelves buying 100
shares of the stock at Sy = $94. The option B consists of buying 2,000 3month call option with
strike price of X = 895 for & = §4.7. Note that both strategies require an initial investment of

$9.400. The profits [14 and [1g then are

T4y = mumber of stock shares x [price at maturity — price today)
= 100{5; —94) = 100 55 — 9400
Iz = number of option shares x [max(price at maturity — strike price, ) — option price|

= 2000 [max(Sy — 95,0) — 4.7] = 2000 max(53 — 95,0} — 9400
It rests to find what 15 the vanation A in price that implies [Ty = [g:

My =Mp =  100S; = 2000 max(S; — 95,0)
100 (Sp + A) = 2000 max(So + A — 95.0)
9400 + 100 A = 2000 max(94 + A — 95,0)
100 A = 2000 max(A — 1,0) — 8400
A = 20 max(A — 1,0) — 04
A = 20 max(A, 1) — 114
A = max{20 A, 20) — 114
max(20A,20) — A = 114
max(19A,20 — A) = 114,



We must now analvee two cases. In the first case, A = 1 and hence

Dy=Ilg & max(19A.20-A)=114

19A =114
114
A=z =6

In the second case, A < 1 and thus

My=IIg & max(19A, 20— A)=114
20—-A =114
A=20-114=-084,

which 1mplies that the stock value 15 zero three months from now. As for the advice, the choice
hetween the two investments depends on the mvestor's attitude towards risk. The strategy based
on call options offer lugher returns than the strategy based on stocks as soon as the price exceeds
$100. However, the same leverage that mimplies higher returns, also induee higher nsk. Indesd, if
the price of the stock declines, the stock-based strategy entails a amaller loss than the options-hased
strategy provided that the stock does not become dust.

1.30 Let I1 denote the payoff of the standard oil’s bond. The holder receives no mterest and,
at the maturity, receives §1.000 plus an additional amount that equals the produet of 170 and the
excess (1f anv) of the ol price Sy over $25 up to a maximum of $2,550 {corresponds to Sy = 40).
So,

0 = 1000+ 170 max[min(Sr,40) — 25, 0]
— 1000 + 170 max[min(40 — Sy, 0) + Sg — 25,0]
— 1000+ 170 { max [Sy — 25, —min(40 — 8¢, 0)] + min(40 — Sp, n)}
— 1000+ 170 { max [Sr — 25, max(Sz — 40, 0)] + min(40 — ST,E!IJ}

— 10004170 [Pm(sf —25,0) + min(40 — 5r,0) .

(B) (L) i)

The decomposition m the terms of (B), (LC and (SC') clarifies that the standard ol bond's
combines the payoffs of a regular bond, a long poasition on a call option with strike price of $25,
and a short position on a call option with strike price of $40, respectively.
Remark: One could also start with the more straightforward. though equivalent, characterization
of the payoff

[T = 1000 + min [2550, 170 max({ S — 25, 0)]

and then do the algebra to get the same result. Alternatively, one could do a graphical analysis.



1.32 Une mmst consider the payoffs of the short and long positions on the forward contract.

The sequence of actions for the short position reads
1. borrow $250 at the 6% rate
2. buy one ounce of gold at $250
3. take a short position on the one-year forward contract with delivery price Fi

4. sell the ounece of gold one vear later for $F,

&n

. pay loan at $265 = 250 (1 + 0.08).
The zero profit condition thus ensures that F, = 265. For the long position, we have that
1. sell one ounce of gold at $249
2. mvest 5249 at the 5.57% rate
3. take a long position on the one-year forward contract with delivery price Fi
4. buy one cunce of gold one year later for $F,

From the zero profit condition, it follows that Fp = 249 {1 4+ 0.055) = 262.695 and hence there 12 no
arbitrage opportunity if the one-year forward price lies in the interval [262.6095, 265].

1.34 The payoff of selling an Furcpean put option with strike price X i1s min{Sr — X, 0). Th
pavofl of buying, an European eall option with strile price X 1s max| 5y — X, 0). The payoff of th
trader that buys a call option and sells a put option with the same underlving asset, strike pric
and maturity then is II = max{Sr — X.0) + oun(Sr — X, 0) = S¢ — X . This means that such
strategy gives the same payolf from a long position on a forward contract with delivery price
and =0 1t must involve no mmitial investment as long as the forward poee F' equals X Tlis umplie
that the ecall and put options will have the same price as long as X = F and the usual pricin

conditions for forward contracts hold:
1. there are no transaction costs;
2. the borrowing and lending rates are 1dentical;
3. the tax schemes for the forward and option contracts are 1dentical;

4. there exist arbitrageurs.



