Capital Markets

Homework # 3 (Due in class)
Preparation for Friday, November 5, 2004

Topic: Bond Arbitrage and T-Bills

Please clearly indicate “Homework #3” in the header of your turned-in answers for proper
grade recording.

Preparatory Readings:

Re-read CP-2, Fabozzi, pp. 130-131
CP-3, Livingston, Chapter 8 (pp. 121-128)

Knowing how to read Wall Street Journal quotations is essential for solving the following
problems. See pages 94-95 in The Wall Street Journal Guide to Understanding Money and
Investing. Make sure that you locate the relevant column before looking for a specific security.
For instance, for problem 1, you should first find the “Treasury Bills’” column.

Bonds are quoted using a bid-asked spread. The difference between bid and asked is the profit a
broker makes for ““making a market”. You buy a bond using the asked price. You sell a bond
using the bid price.

1. Use the attached page from the Nov. 16™ 1999 Wall Street Journal (quotations as of Nov. 15™).
There is a Treasury bill that matures on Jan. 6" 2000. Assume the settlement date is Nov 16th.

a) What is the bill’s quoted bank discount asked yield?
b) erat is the price you would have to pay to buy this bill at the quoted price on Nov.
167

¢) Adjust this yield to compare it with the quoted yield on U.S. Treasury notes and
bonds (i.e. adjust it to a bond-equivalent yield).

2. Use the attached issue of the WSJ to answer the following questions. Assume all trades settle
(money exchanges hands) on November 15™ at the prices quoted.

a) If you wanted to buy a $1,000,000 face value position in the 7%2 % Treasury Note
which matures on November 15, 2001, what is the “invoice” price you would have
to pay? i.e. the WSJ quote plus accrued interest?

b) What is the correct yield to maturity for this security at the quoted price?

c) What would the quoted price of this bond have to be in order for its yield to
maturity to equal 6.00%?



d)

Construct a schedule of cash flows resulting from the purchase of $1,000,000 face
value of this note assuming it is held to maturity.

Now assume that settlement is on November 16", rather than the 15", What is the
“invoice” price the buyer would pay if the WSJ quoted price remained the same?

3. Itis easier to solve this next problem with a spreadsheet. The key point of this exercise is that
the cash flow generated by buying one treasury security can be replicated by buying a series of
other treasury securities. The costs of buying these cash flows, however, may be different. It is
like buying exactly the same goods (i.e., ““cash flows™ in our case), but paying different prices
when buying single goods rather than an assortment pack. What would you do to attempt to
profit from this potential mispricing situation? . . . of course something can be done after you
map out the cash flows in question, construct a replicating portfolio using other securities, and
calculate how much it will cost you to buy all the cash flows.

Refer to the bond in Question 2 to answer the following questions. Settlement date remains
Nov. 15, 1999.

a)

b)

c)

d)

f)

9)

h)

Consider the schedule of cash flows constructed in Question 2 part (d) for the 7%2%
Treasury Note which matures on November 15, 2001. Can a portfolio of Treasury
Strips be purchased which would replicate the cash flows of the Treasury Note
referred to in Question 2? (Hint: The answer is YES!) If so, how? Use "ci" T.
Strips for coupon interest payments and "np" T. Strips for the ending principal
payment. (Hint: use the T.Strips that are marked with the dots on the attached WSJ
Government Bond Page).

What would be the total cost of creating (purchasing) such a strip portfolio?
(You'll need to construct a spreadsheet for this.)

Would the strip portfolio you constructed in b) be any more or less “risky” than the
Treasury Note? Why is this important to know?

Now consider a situation where you already own the Treasury Note in Question 2.
What are the total proceeds you could likely get for it if you sold it?

Compare the sales price calculated in d) to the cost of the portfolio calculated in b).
Is there a difference? Is there a profit (i.e., arbitrage) opportunity for an investor
here?

Now consider a situation where you already own the strip portfolio that replicates
the Treasury Note. How much could you likely get for this portfolio if you
liquidated it (i.e. the bid price)?

Compare the sales price calculated in f) to the total price in part a) of Question 2.
Is there a difference? Is there a profit (i.e., arbitrage) opportunity for an investor
here?

Advanced Question: If this Note were being bought or sold on a non-coupon
payment date (rather than an exact treasury six-month aniversary), what changes in
your calculations would need to be made?

Attached is the WSJ Government Bond Page for use with Questions 1, 2 , and 3.
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TREASURY.BONDS, NOTES & BILLS

C18 4 THESWALL:STREET JOURNAL TUESDAY, NOVEMBER 16, 1999

g + Monday, November 15, 1999 Ask
g i Mat.  Type Bid Asked Chg. Yld.
fi!fmal_!:nresentaﬂveowr-lhe{ounlerquoiauonsbasedomransacﬂonsoisl millionor | Nov 12 ¢ 43:29 44:02 641
«  \Treasury bond, note and bill quotes.are as of mid-afternoon. Colons in ;\Qb :J c: :;j?g :g;: A’:;
£ bid-and-asked quotes represent 32nds; 101:01.means 101 1732, Net changes in 32nds, | Mav 13 ¢ : i 6.
= n-Treasury note. Treasury bill quotes in hundredths, quoted on ferms of a rafe of | AUG 13 ¢l 41:24 41:29 6.43
s discount. Days fo maturity cslculated from settiement date. Al vields are o maty- Nov 13 ¢l 41:02 41:07 6.43
@rlw and based on the asked auote. Latest 13-week and 26-week bills are boldfaced. | Feb 14 ci  40:12 40:18 4+ 1 6.44
3 For bonds callable prior to maturity, ylelds are computed to the earfiest call date for | May 14 ¢l 39:24 39:29 + 1 6.44
?5‘Issuesquo'edabovenarandlofhema'urlfvdaietor issues below par. *-Whenissved, | Aug 14 ¢l 29:03 39:08 + 1 644
8 Source: Telerate/Cantar Fitzgerald Nov 14 ¢l 38:15 38:20 + 1 644
& U.S. Treasury strips as of 3 p.m, Eastern time, also based on iransactions of :g }2 gio g;ig: gg:g}, t : :‘:g
s 8 million or more. Colons In bld-and-asked quotes represent 32nds; 99:01 means | 0 16 ¢ 37.08 T+ 1 64d
st 99 1/32, Net changes In 32nds. Yields caiculated on the asked auotation. ci-stripped Auy 5 d 36:22 227 4 1 6‘44
. Coupon Interest, bp-Treasury band, stripped principal. np-Treasury nofe, stripped 9 H N y
™ principal, For bonds callable prior fo maturity, vields are comouted fo the earliest | AU9 15 bp 38122 36127+ 1 6.44
> call date for Issues quoted above par and fo the maturity date for Issues belowpar. | Nov 15 ci  36:03 36:08 + 1 6.44
£~ Source: Bear, Stearns & Co. via Street Software Technology Inc. Nov 15 bp 36:03 36:08 6.44
I = Feb 16 ¢ 3517 3522 + 1 644
’ # GOVT. BONDS & NOTES Maturity Ask | Feb 16 bp 35:18 35:24 ~ 1 6.43
® Maturity Ask | Rate Mo/Yr Bid Asked Chg. Yid. [ May 16 ¢l 34:31 35:04 4+ 1 644
i ® Rate Mo/Yr Bld Asked Chg. Yid. | 37y Jan 09  98:13 98:14 .... 4.08 | May 16 bp 3516 3522 + 1 635
® 55/ Nov 99n 100:00 100:02 + 1 3.89 | 5Y/2 May 09n  96:25 96:26 -1 5.94| Aug 16 cl 3413 348 4 1 6ad
$ 7% Nov 99n 100:02100:04 .... 432 9%/s May 04-09 111:14111:18 -2 6.4 | Nov 16 ¢l 33:30 34:03 + 1 643
# 554 Dec 9n 100:00100:02 .... 5.00 | 6  Aug 09n 100:16100:17 -2 593 | Nov 16 bp 3410 415 & 1 636
#.7%, Dec%n 100:08100:10 ... 5.03 [ 10% Nov 04-09 117:26117:30 -2 6.15| Feb 17 ¢l 3313 319 + 1 643
% 6%y Jan 00n  100:03100:05 ... 529 | 11%: Feb 0510 124:18124:24 -2 6.16 | May 17 ¢l 32:29 33:03 & 1 6.42
X, 5% Jan00n  99:31100:01 .... 5104 [ 10 May 0510 117:16117:20 -2 6.17 | Mav 17 bp 32:30 33:04 = 1 642
A 7% Jan00n 100:14100:16 -1 519 [ 123 Nov 0510 132:13132:19 -2 6.17 | Aug 17 ¢ 32:12 3217 ~ 1 643
® 57/ Feb0On 100:03 100:05 .... 5.6 | 137/s May 0611 140:17140:23 -2 6.17 | Aug 17 bp 32:14 32119 &+ 1 6.42
#® 82 Feb0On 100:23100:25 -1 519 | 14 Nov 061} 143:19143:25 -4 619 [ Nov 17 «ci 31:29 32:03 = 1 6.42
#.5/2 Feb00n 100:00300:02 .... 522 | 16%s Nov 07-12125:11125:17 -2 627 | Feb 18 c¢i 31:12 31117 + 1 643
& 7's Feb0On 100:14300:36 -1 529 {12 Aug08-13137:29338:03 -2 428 | May 18 ci 30:28 31:02 + 1 6.2
€ '5'2 Mar 00 100:00 100:02 .... 529 | 134 May 09-14 149:01 149:07 2 6.29 | May 18 bp 30:29 31:03 + 1 642
< 67/p Mar 00n 100:16 100318 .... 5.28 | 121/2 Aug 09-14 144:17 144:23 -2 629 | Aug 18 «cl : + 1 643
& 5V2 AproOn  99:30100:00 -} 5.47 { 1132 Nov 09-14 140:00 140:06 -2 6.28 [ Nov 18 cl + 1 642
w '5%/5 Apr00n 100:00 100:02 -1 547 | 11Y4 Feb 15 147:14147:20 + 1 633 | Nov 18 bp + 1 642
s 6%4 Apr00n 100:17100:19 .... 5.40 | 105/5 Aug 1S  141:28142:02 + 2 836 | Feb 19 i + 1 642
% 76%5 May 00n  100:12 100:14 1 547 | 97/5 Nov 15 134:124134:30 . 6.36 | Feb 19 bp + 1 641
& 87/y May 00n 101:20101:22 -} 539 | 94 Feb 16  128:24 128:30 6.37 | May 19 i + 1 642
& 5V2 May 00n  99:30100:00 ... 5.49 | 7'/4 Mav 16  109:05109:07 .... 634 | Aug 19 ol + 1 641
4 6Y4 May 00n 100:10100:12 -1 5.53| 7'1 Nov 16 111:24 131:28 ... 635| Aug 19 bp + 1 640
< §Ys JunoOn  99:27 99:29 -1 552 | 8%« Mav 17 124:26125:00 + 1 6.36 | Nov 19 ci + 1 641
¢ 578 Jun00n 10D:05100:07 .... 5.50 | 8%s Aug 17 126:30126:16 + 2 636 Feb 20 ci + 1 642
o 5%8 Jul00n  99:25 99:27 -1 559 | 9V Mav s  129:19129:25 + 1 636 Feb 20 bp + 1 640
& 6Y8 Jul0on 100:10100:32 -1 5.56| 9 Nov 1B 128:20128:26 + 2 6.36 | May 20 ci + 1 641
& 6 Aug00n 100:07100:09 -1 5.60 | B%s Feb9 127:14127:20 + 2 636 | may 20 bp + 1 640
4 BY4 AugOn 102:06 102:08 -2 5.62 | 8s Aug 19  119:16119:20 + 2 636 | aug 20 < + 1 640
& SVa AugOOn  99:18 99:20 .... 5.61| 8Y2 Feb20 123:29124:03 + 1 837 | Aug 20 bp + 1 640
& 6M4 AugOOn 100:13100:15 -1 5.62| 834 May20 126:28127:02 + 1 637 | oy 20 o) T 1 640
o 42 Sep0n  98:30 99:00 ... S. 834 AU 20  127:01127:07 + 2 637 | Fep 21 i 11 o639
< 6Ys Sep0On 100:10 100:12 7% Feb2l NTMNZ8 + 2 638 | ey 91 bp T 1 636
o 4 Octoon  98:13 98115 ... 8'/s May 21 120013120119 + 3 636 | may 91 ci + 1 638
+ 5% Oct00n " 100:01100:03 . Aug 2l 120015120021 + 3 636 | poo gy by Tl o637
& 54 NovOOn 100:01100:03 . Nov2l  T9:07119:11 + 1 638 | g 91 o MY
] 82 Novon 102:21102:23 Aug22  TI0:27100:31 + 1 633} g o1 M
[ Y43 Novoon  98:29 98:31 ... Nov22 TS:12105:16 + 2 634 | \ou o1 i 25:02 25:07 + 1 6.36
[ % 5% NovOn  99:29 99:31 . Feb23 109:20109:22 + 1 632 | you 21 bp  25:02 2508 + 1 6.36
[ % 453 DecOOn  98:25 98:27 ... Aug 23 99:16 99118 + 1 628 F pou 5y . Pt
[ % 52 DecOOn  99:23 99:25 ... Nov24  THMI91ISI00 + 2 630 | (o0 50 63
[ % 42 Jan0in  98:17 98:19 Feb25  116:22116:26 + 1 629 | J0 55 [ o
! “ 814 JanOin  99:M4 99:16 ..., Aug 25 107:12107:14 + ) 6.29 AU" 2 b 630
53/y FebOIn  99:17 99:19 Feb26  96:16 96:18 + 1 627 ¢ 2 c'” e
“ 734 FebOln 102:12102:14 AUg 26 105:29105:31 + 1 629 N"" N e
< 11%a FebO1  107:04 107:06 Nov26 102:26102:28 + 1 828} OV 72 20 5'31
5  FebOln 99:02 99:04 ... Feb2? 104:1510417 ... €28 | C20 ? 5 -
s 5% FebOln 99:27 9:29 ... Aug 27 10110101112 + 1 627 | FED 23 bp 6.27
* 47y Mar QIn  98:25 98:27 Nov2l 9809 98:11 + 1 625 | Mav 23 i 6.30
63/s Mar 0In  100:24 100:26 Apr 28t 92:09 92:10 -1 408 | AU 23 C 6.2
“ & Aproin  98:30 99:00 AUg 28 90713 9015 ... 621 | Aue 23 bp 6.18
< 64 Apr 0In 100:21 100:23 Nov2s  87:11 87:13 -2 69 | Nov 23 ci 627
< 555 May 0ln  99:25 99:27 ... Feb29  87:25 §7:26 -2 6.5 | Feb 24 c 6.25
% 8 MayOln 103:05 103:07 Apr 9% 96:13 96:14 -2 408 | Mav24 6.4
e 13';5 May 01 110:12 110:16 Aug 29 101:07101:08 -3 6.03 a‘;g g: z: :g
s 5%4 May 0ln  99:08 99:10 .... 8
s 6'2 May 0ln 101:01 101:03 U.5. TREASURY STRIPS gﬁt\; g; bln :ﬂ;
Junoin 99:29 99:31 sk | Fe c :
Jun 0ln 101:07 101:09 Typg Bid Asked Chg. Yid. | Feb 25 bln :.;2
Jul0In - 99:16 99:18 00 i ¢ -
Jul0ln 101:10 103:12 0 np d 6.18
Aug 0In 103:11 103:13 0 bp 6.19
Aug 01 112:11 112:15 00 np c 6.18
Aug 0In  75:16 §9:18 ..., 0 c d 621
Aug 0In  101:04 101:06 0 np bo 615
Sep 0In  99:22 99:23 . 00 cl d 821
Sep 0In  100:30 101:00 0 np cl 6.20
Oct 01n  100:05 100:06 E 0 ci bp 618
Oct 0In 100:25100:27 -1 5.79 | Feb 01 np ol 620
Nov 0in  103:03 103:05 I # Mmav 01 <l bp 8.7
Nov 01 I np . d 8.8
Nov 0in cl . bp 6.15
Dec 01n np 3 ci 6.19
Jan 02n ci X cl 6.6
Feb 02 np LS bp 6.14
: Feb 02n  100:28 100:30 cl L5 ci 6.10
© 653 Mar02n 101:23101:25 ..., ci 86:22 — 1 580 Nov 27 bp 6.0
_ 6%: Apr0an 101:25301:27 . np 86:21 ~ 1 582 Feb 28 ci 81
L 7'2 May02n 103:25103:27 ... cl 85:4 ~ 1 581 | Mav 2 d 6,07
4V/2 May 02n  101:37 100:19 .. np 85:13 1 583 | Aug 28 o 6.05
674 Jun 02n  100:30 101:00 ol 84:07 —~ 1 582{ Aug 28 bp 6.02
358 Jul 02 99:11 99112 d 82:25 — 1 59| Nov 28 ci 595
6 Jul 02n 100:33100:15 ... np 82:26 — 1 59| Nov 28 bo 5.97
6%s Aug 02n  101:08 101:10 ci 81117 — 1 593 Feb 29 ci -~ 1 583
614 Aug 02n  100:30 101:00 cl 80:12 — 1 592 Feb 29 bp - 1 587
57;1 Sep 02n  100:01 100:03 np 80:14 - 1 589
5%) Oct0n  99:23 99:25 cl 79:07 - 1 591 TREASURY BILLS
Ns/s Nov02  W511 1S5 c 7798 — 1 598 Davs
* 53§. Nov02n  99:21 99:23 ... np 78801~ 1 584 to Ask
5%/ DecO2n  99:.09 99:11 . ci 76:22 — 1 599 | Maturity Mat. Bid Asked Chg. Yid.
512 Jan03n  98:27 98:29 . no 76:27 -~ 1 594 { Nov 1899 2 4.6] 453 —005 455
614 Feb 03n 100:30 101:00 . c 7512 + 3 5921 Nov 26°99 10 4.62 4.54 -0.07 4.6
i 103/4 Feb 03  113:26 113:30 - np 7519 7523 — b 595 Dec 0299 16 4.65 4.57 —0.06 464
5'/2 Feb03n 98:26 98:28 . cl 74:04 74:07 — 1 606 | Dec 09499 23 462 454 —007 462
! §1/2 Mar 03n  9B:25 98:27 . bp  73:30 74:0% V6111 Dac 16499 30 457 453 +001 461
534 Apr03n  99:16 99:18 . np 74:10 74:13 1 601 | Dec 9399 37 478 474 +0.01 483
: 1%‘ May 03 légjzgm:zz cl 72:31 73:03 607 | Dec 20°99 44 454 490 —003 5.00
¢ 2 May 0In 122 98:24 ... np  73:09 73:13 5981 jan 04°00 51 4.96 492 ...

so2 ||




