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PROBLEM SETS 

13.	a.	PV of obligation = $2 million/0.16 = $12.5 million
Duration of obligation (perpetuity) = (1 + y) / y = 1.16/0.16 = 7.25 years
Call w the weight on the five-year maturity bond (which has duration of four years). Then
(w × 4) + [(1 – w) × 11] = 7.25  w = 0.5357
Therefore:	0.5357 × $12.5 = $6.7 million in the 5-year bond and
0.4643 × $12.5 = $5.8 million in the 20-year bond.

b.	The price of the 20-year bond is
[$60 × PVAF(16%, 20)] + [$1,000 × PVDF (16%, 20)] = $407.12

Therefore, the bond sells for 0.4071 times its par value, and
Market value = Par value × 0.4071
$5.8 million = Par value × 0.4071  Par value = $14.25 million

Another way to see this is to note that each bond with par value $1,000 sells for $407.12. If total market value is $5.8 million, then you need to buy approximately 14,250 bonds, resulting in total par value of $14.25 million.




16.	Using a financial calculator, we find that the actual price of the bond as a function of yield to maturity is
Yield to Maturity	Price
7%	$1,620.45
8	1,450.31
9	1,308.21
	(N = 30; PMT = $120; FV = $1,000, I = 7, 8, and 9; Solve for PV)

Using the duration rule, assuming yield to maturity falls to 7%

Predicted price change


Therefore: predicted new price = $1,450.31 + $155.06 = $1,605.37
The actual price at a 7% yield to maturity is $1,620.45. Therefore

% error(approximation is too low)

Using the duration rule, assuming yield to maturity increases to 9%

Predicted price change


Therefore: predicted new price = $1,450.31 – $155.06= $1,295.25
The actual price at a 9% yield to maturity is $1,308.21. Therefore

% error(approximation is too low)


	Using duration-with-convexity rule, assuming yield to maturity falls to 7%

Predicted price change



Therefore the predicted new price = $1,450.31 + $168.99 = $1,619.30.
The actual price at a 7% yield to maturity is $1,620.45. Therefore


% error(approximation is too low).

Using duration-with-convexity rule, assuming yield to maturity rises to 9%

Predicted price change



Therefore the predicted new price = $1,450.31 – $141.11 = $1,309.20.
The actual price at a 9% yield to maturity is $1,308.21. Therefore


% error(approximation is too high).

Conclusion: The duration-with-convexity rule provides more accurate approximations to the true change in price. In this example, the percentage error using convexity with duration is less than one-tenth the error using only duration to estimate the price change.
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