Basic Version	Business Math: A Step-by-Step Handbook	2018 Revision A
Chapter 14: Bonds and Sinking Funds
(When You Need Big Money)

One of the most powerful ways for an institution to raise large amounts of capital is by issuing marketable bonds. A company or a government will essentially borrow the required financing from investors such as you and me. Individually we cannot provide the needed funds, but the bond issuer can raise a large sum of money from us collectively.
	For example, Manitoba Hydro is currently building new hydro lines extending from the Keewatinoow Converter Station north of Lakes Winnipeg and Manitoba to the southern distribution network. The project, called Bipole III, is awaiting environmental approvals and licensing.  When approved, it is projected to take almost five years to complete the 1,364 kilometre project involving approximately 2,800 45-metre transmission towers. The cost of the project is around $3.28 billion. Manitoba Hydro's 2011–2012 net income was $61 million, while its 2012–2013 net income was $92 million.[footnoteRef:1] It obviously cannot just ask a bank for a $3.28 billion loan! And even in situations when a bank loan is available, financing through bonds is generally more flexible.  [1:  Manitoba Hydro-Electric Board, 62nd Annual Report for the Year Ended March 31, 2013,  www.hydro.mb.ca/corporate/ar/2012/publish/index.html#66-67 (accessed October 2, 2013).] 

	One of the largest bond issuers in Canada, with $468 billion in outstanding marketable bonds as of August 2012, is the Government of Canada.[footnoteRef:2] This money is primarily used to fund Canada's national debt. [2:  Statistics Canada, “Canada: Economic and Financial Data,” http://www40.statcan.gc.ca/l01/cst01/indi01f-eng.htm (accessed November 27, 2012).] 

	On the consumer side, marketable bonds represent another investment opportunity you can include in your RRSP portfolio. They feature regular interest payments and a chance to grow your savings through trading on the bond market.
	This chapter begins with the basics of how bonds operate. Then you will learn how to calculate the purchase price of a bond and work with bond interest rates. Bond issuance usually comes with a sinking fund provision, which is explained in Section 14.3. Finally, we will explore the financial and accounting responsibilities associated with amortization of bond premiums and accrual of bond discounts.

Outline of Chapter Topics
14.1: Determining the Value of a Bond (What Does It Sell for?)
14.2: Calculating a Bond’s Yield (Know When to Hold ’em, Know When to Fold ’em)
14.3: Sinking Fund Schedules (You Need to Show Responsibility)
14.4: Debt Retirement and Amortization (Balancing the Books)


14.1: Determining the Value of a Bond
(What Does It Sell for?)
	
Exactly what is your marketable bond worth? When you inspect the financial section of your local newspaper, you pay particular attention to the quotes on bonds, into which you invested a portion of your RRSP portfolio. Ten years ago, when prevailing bond rates were 5.5%, you purchased 10 Government of Canada $5,000 face value bonds with a 5% coupon and 20 years remaining to maturity. At the time you paid $4,699.02 each for them. Today's prevailing bond rates have dropped to 3.35% but are expected to rise in the near future. Should you hold on to those bonds? Should you cash them in by selling them in the bond market?
	To help answer those questions, it is critical to know the value, or selling price, of your bonds today. This section explains the concept of a marketable bond along with its important characteristics and terminology. You calculate the bond's selling price first on interest payment dates and then on all other dates, which present a more complex situation.

Bond Basics
	
[image: ]A marketable bond, as illustrated in the photo, is a debt that is secured by a specific corporate asset and that establishes the issuer’s responsibility toward a creditor for paying interest at regular intervals and repaying the principal at a fixed later date. A debenture is the same as a marketable bond, except that the debt is not secured by any specific corporate asset. Mathematically, the calculations are identical for these two financial tools, which this textbook refers to as bonds for simplicity. A typical bond timeline looks like the one below. Key terms are discussed as well.
· Bond Issue Date. The bond issue date is the date that the bond is issued and available for purchase by creditors. Interest accrues from this date.
· Bond Face Value. Also called the par value or denomination of the bond, the bond face value is the principal amount of the debt. It is what the investor lent to the bond-issuing corporation. The amount, usually a multiple of $100, is found in small denominations up to $10,000 for individual investors and larger denominations up to $50,000 or more for corporate investors.
· Bond Coupon Rate. Also known as the bond rate or nominal rate, the bond coupon rate is the nominal interest rate paid on the face value of the bond. The coupon rate is fixed for the life of the bond. Most commonly the interest is calculated semi-annually and payable at the end of every six-month period over the entire life of the bond, starting from the issue date. All coupon rates used in this textbook can be assumed to be semi-annually compounded unless stated otherwise.
· Bond Market Rate. The bond market rate is the prevailing nominal rate of interest in the open bond market. Since bonds are actively traded, this rate fluctuates based on economic and financial conditions. On the issue date, the market rate determines the coupon rate that is tied to the bond. Market rates are usually compounded semi-annually, as will be assumed in this textbook unless otherwise stated. Therefore, marketable bonds form ordinary simple annuities, since the interest payments and the market rate are both compounded semi-annually, and the payments occur at the end of the interval.
· Bond Redemption Price. Also called the redemption value or maturity value, the bond redemption price is the amount the bond issuer will pay to the bondholder upon maturity of the bond. The redemption price normally equals the face value of the bond, in which case the bond is said to be “redeemable at par” because interest on the bond has already been paid in full periodically throughout the term, leaving only the principal in the account. In some instances a bond issuer may in fact redeem the bond at a premium, which is a price greater than the face value. The redemption price is then stated as a percentage of the face value, such as 103%. For introductory purposes, this text sticks to the most common situation, where the redemption price equals the face value.
· Bond Maturity Date. Also known as the redemption date or due date, the bond maturity date is the day upon which the redemption price will be paid to the bondholder (along with the final interest payment), thereby extinguishing the debt.
· Bond Selling Date. The date that a bond is actively traded and sold to another investor through the bond market is known as the bond selling date. In the timeline, the selling date can appear anywhere on the timeline between the issue date and maturity date, and it may occur more than once as the bond is sold by one investor after another.

Calculating the Bond Price on an Interest Payment Date
	
Marketable bonds and debentures are nonredeemable, which means the only way to cash these bonds in before the maturity date is to sell them to another investor. Therefore, the key mathematical calculation is what to pay for the bond. The selling date, maturity date, coupon rate, redemption price, and market rate together determine the bond price.
	On the bond’s issue date, the market rate determines the coupon rate, so these two rates are identical. As a result, the price of the bond equals its face value. After the bond is issued, interest starts to accrue on it, and the market rate begins to fluctuate based on market conditions. This changes the price of the bond.

[image: Teacher silhouette black and white with desk and blackboard by palomaironique]The Formula

Because the bond pays interest semi-annually, two days of the year are defined as the interest payment dates. To determine a bond’s selling price on these two days, you must use the formulas for present value of an ordinary annuity. Once you understand how to perform these basic calculations we will move on to the more complex formulas and techniques required to determine the selling price on the other 363 days of the year. Regardless of the selling date, Formula 14.1 expresses how to determine the price of any bond.

Cash Price is Bond Cash Price: Also known as the purchase price or flat price, the bond cash price is the amount of money an investor must directly pay out to acquire the bond. It represents the total of the market price and any accrued interest.



Formula 14.1 - The Cash Price for Any Bond:   Cash Price = PRI + AIAI is Accrued Interest: The bond accrued interest is the amount of simple interest that the bond has earned but has not yet paid out since the previous interest payment date. This interest belongs to the seller of the bond, since the bond was in the investor's possession during that period. When a bond sells on its interest payment date, the accrued interest has just paid out to the bondholder, thereby making the accrued interest zero, or AI = $0; the cash price of the bond then equals its market price. Later in this section you will learn how to calculate this amount when the bond does in fact sell between interest payment dates.
PRI is Bond Market Price: Also known as the quoted price, the bond market price is the actual value of the bond excluding any accrued interest. Since different bonds have different interest payment dates, this price allows investors to understand the true price of the bond itself and compare similar bonds.









	 To determine the selling price of the bond, you must know the amount of the semi-annual interest payment to the bondholder. You use Formula 14.2 to calculate this amount.



CPN is Bond Coupon Rate: The nominal interest rate paid on the face value of the bond. It is fixed for the life of the bond.
PMTBOND is Bond Coupon Payment: This is the annuity payment that the bondholder receives semi-annually throughout the investment. This interest is not converted into the principal of the bond and therefore does not compound. Instead, this payment is directly paid out to the bondholder. The BOND subscript differentiates this annuity payment from a regular annuity payment since the value of the coupon payment is not determined by the market rate of interest on the bond.





Formula 14.2 - Bond Coupon Annuity Payment Amount:  CY is Bond Coupon Compounding Frequency: The compounding frequency of the coupon rate, which is most commonly semi-annual, that is, CY = 2. Note that by taking the CPN and dividing by CY, you are calculating the periodic coupon rate, or i.
Face Value is Bond Face Value: The principal amount of the bond.






[image: ]	The market price of a bond on its selling date is the present value of all the future cash flows, as illustrated in the figure below. For the bond purchaser, this is a combination of the remaining coupon annuity payments plus the redemption price at maturity (which in this textbook always equals the face value). Formula 14.3 (on the next page) summarizes this calculation, which combines Formulas 9.3 and 11.4 together and simplifies the resulting expression.

	The price of a bond fluctuates with the market rate over time. If the bond sells for a price higher than its face value, the difference is known as a bond premium. If the bond sells for a price lower than its face value, the difference is known as a bond discount. The amount of the premium or discount excludes any accrued interest on the bond. Why does the selling price change like this? Remember that the interest paid by the bond is a fixed rate (the coupon rate) determined at the time of issue.
· Assume a coupon rate of 5%. If the market rate has increased to 6%, it means that investors can buy bonds paying 6%. If you are trying to sell your 5% bond, no one wants to buy it unless you “put it on sale” in an amount that compensates for the 1% difference. Hence, you discount your bond. 
· Alternatively, if the market rate decreases to 4%, it means that investors can buy bonds paying 4%. If you are trying to sell your 5% bond, it is very attractive to investors, so you add some extra margin, raising the price by an amount not exceeding the 1% difference. Hence, you sell at a premium price.
The figure after Formula 14.3 illustrates the relationship between the market rate, coupon rate, and the selling price of the bond. Notice that when the coupon rate is higher than the market rate, the selling price rises above its face value. Alternatively, when the coupon rate is lower than the market rate, the selling price falls below its face value. Apply Formula 14.4 (2 pages from here) to calculate the amount of the premium or discount on a bond.
Date Price is Bond Price on the most recent interest payment date: Because the bond sells on its interest payment date, the most recent interest payment date is the selling date. On this date there is no accrued interest, so the market price and the cash price are the same in Formula 14.1. You can then conclude that Date Price = Market Price = Cash Price.




 Formula 14.3 - Bond Price on an Interest Payment Date:    is Compound interest for single payments: This is Formula 9.3 rearranged for present value. It calculates the present value of the redemption price (which is assumed to be the same as the face value) on the selling date.
· You calculate the periodic interest rate (i) using Formula 9.1, where the IY is the nominal market rate and the CY is the market rate compounding. Do not use the coupon rate in this calculation.
· You calculate the total number of compounding periods (N) using Formula 9.2, where CY is the market rate compounding and Years is the time remaining until maturity.
 is Ordinary Simple Annuity Present Value: This is a simplified version of Formula 11.4 in which the market rate and end-of-period coupon payments are both semi-annual, so the coupon payments always form an ordinary simple annuity. As such, you do not need the  exponent, which always divides to one. In a rare event of an ordinary general annuity, you would use the full version of Formula 11.4. Since the payment frequency and compounding frequency match, the periodic rate of interest (i) remains constant throughout the formula.










[image: ]



Premium or Discount: There are two outcomes to this formula:
1. If the result is positive, then the market price of the bond exceeds its face value. This is the amount of the bond premium.
2. If the result is negative, then the market price of the bond has fallen below its face value. This is the amount of the bond discount. Be careful when stating the discount not to include a negative sign (avoid stating "there is a discount of −$100," since this would form a double negative remark).




Formula 14.4 - Bond Premium or Discount:   Premium or Discount = PRI − Face ValuePRI is Bond Market Price: The market price is the actual value of the bond excluding any accrued interest. Because the accrued interest has nothing to do with the value of the bond itself, representing only how much of the next interest payment belongs to the seller of the bond, calculations of premiums and discounts use only the market price and not the cash price.
Face Value is Bond Face Value: The principal amount of the bond.






[image: cartoon cogs by tonyhewison]How It Works

Follow these steps to calculate the price of a bond on its interest payment date: 
Step 1: Draw a timeline extending from the selling date to the maturity date. Identify all known variables.
Step 2: Using Formula 14.2, calculate the amount of the regular bond interest payment. For future calculations do not round this number.
Step 3: Using Formula 14.3, calculate the date price of the bond. On an interest payment date, the date price is equal to both the market price and cash price.
· Use the market rate for Formula 9.1 (Periodic Interest Rate).
· Typically, to calculate N you need both Formula 9.2 (Number of Compound Periods for Single Payments) for the redemption value and Formula 11.1 (Number of Annuity Payments) for the annuity. However, since compound periods and annuity payments are both semi-annual, then each formula would produce the same value of N. Therefore, you can use just Formula 11.1, recognizing that it represents both the number of compound periods as well as the number of annuity payments.
· The date price from Formula 14.3 equals the market price. Since there is no accrued interest, the cash price is the same as the date price.
Step 4: If required, use Formula 14.4 to calculate any bond premium or discount.

[image: file important by Anonymous]Important Notes

The BOND Function on the BAII Plus Calculator. On an interest payment date, you can solve any bond problem using the regular time value of money buttons on your calculator since bonds represent ordinary simple annuities. However, a built-in function for bonds on the BAII Plus calculator greatly simplifies bond price calculations, particularly when the bond is being sold on a date other than an interest payment date. The BOND function is located on the second shelf above the number 9 key and is accessed by pressing 2nd BOND.
[image: ]	This spreadsheet has nine lines, which you scroll through using the ↓ and ↑ arrows. The first seven lines are considered the data entry lines, while the last two are the output lines. Upon opening the window, you should use the 2nd CLR Work function to erase previously loaded data. The data entry lines are as follows:
· SDT is the selling date. It is entered in the standard date format of MM.DDYY where MM is the month number (one or two digits), DD is the two-digit day number, and YY is the last two digits of the year. You must press the ENTER key to store this information. If the question does not involve specific dates, use January 1, 2000, or 1.0100 so as to determine the redemption date more easily. 
· CPN is the nominal coupon rate. It is formatted as a percentage but without the percent sign; thus 5.5% is keyed in as 5.5. You must press the ENTER key to store this information.
· RDT is the redemption date or maturity date. It must be entered in the standard date format, and you must press ENTER to store this information. If the question does not involve specific dates, key in the appropriate date based on a selling date of January 1, 2000.
· RV is the redemption value or redemption price expressed as a percentage of the face value. Since the redemption price equals the face value, use the default setting of 100. This textbook never requires you to alter this number.
· ACT/360 is a toggle that you change by pressing 2nd SET. ACT counts the actual number of days in the transaction, while 360 treats every month as having 30 days. In Canada, ACT is the standard, so you should leave the calculator on this setting.
· 2/Y OR 1/Y is a toggle that you change by pressing 2nd SET. 2/Y indicates a semi-annual compound for both the market rate and coupon rate, while 1/Y indicates an annual compound. This textbook always uses the 2/Y setting.
· YLD is the nominal market rate for bonds at the time of sale. It follows the same format as the CPN, that is, a percentage but without the percent sign. You must press the ENTER key to store the information.
The output lines are as follows:
· PRI is the market price of the bond. After scrolling to this line, press the CPT button to calculate this output, which is not computed automatically. The output is a percentage of the redemption price (which is the same as the face value). Thus, if you have a $1,000 face value bond, you need to take the output divided by 100 multiplied by the face value to arrive at the market price.
· AI is the accrued interest of the bond. This output is automatically calculated when you press the CPT button on the PRI line. If you are on an interest payment date, it has a value of zero. If you are in between payments, the output is, just like the PRI, a percentage of the redemption price, so you need to convert it to a value in the same manner as the PRI.
	If you are interested in the cash price of the bond, you must add together the values associated with the PRI and AI outputs, as in Formula 14.1. When you are finished with the BOND function, press 2nd QUIT to leave the window.

[image: Cartoon No Idea by j4p4n]Things To Watch Out For

When you calculate the price of a bond on the interest payment date, the date price is in fact calculating the market price. Recall that the cash price of the bond is always determined by Formula 14.1, where the market price and accrued interest must be totalled to arrive at the cash price. On interest payment dates, there is no accrued interest, so it always has a value of zero. When working with bonds, get in the habit now of thinking in the manner of Formula 14.1. Later on, when the bond is sold on a noninterest payment date and accrued interest is involved, this habit is handy for figuring out bond prices. With respect to the BAII Plus calculator, always add together the outputs of the PRI and AI windows to arrive at the selling price (cash price) of the bond.
[image: Top Secret by Mogwai] Paths To Success

Earlier in this textbook Canada Savings Bonds were discussed. Note that these bonds are fully redeemable at any point, in that you can cash them in at any point with any financial institution before maturity. Therefore, Canada Saving Bonds are not considered marketable bonds and do not operate according to the principles discussed in this section.

[image: Lost in thought by hefedute]  Give It Some Thought

1. Explain the relationship between changes in the bond market rate and the price of the bond.
2. What five variables are used in determining the price of a bond?
3. True or false: If a $1,000 face value bond has a cash price of $1,125 and a market price of $1,100, it is selling at a bond premium of $100.
4. What three variables determine the coupon payment amount?
Solutions:
1. As the market rate rises the bond price decreases, and vice versa.
2. Selling date, maturity date, coupon rate, redemption price, and market rate
3. True; the bond premium is the difference between the face value and the market price.
4. Face value, nominal coupon rate, and coupon rate compounding frequency; see Formula 14.2







	Example 14.1A: Pricing a Bond with Exact Dates on an Interest Payment Date

	A Government of Canada $50,000 bond was issued on January 15, 1991, with a 25-year maturity. The coupon rate was 10.15% compounded semi-annually. What cash price did the bond have on July 15, 2005, when prevailing market rates were 4.31% compounded semi-annually? What was the amount of the bond premium or discount?

	Plan
	This bond makes interest payments six months apart, on January 15 and July 15 each year. The bond is being sold on July 15, which is an interest payment date. On an interest payment date, solve for the date price, which is the same as the cash price. Also calculate the premium or discount.

	Understand
	What You Already Know
Step 1: The timeline for the bond sale appears below.
Coupon Interest Payment: CPN = 10.15%, CY = 2, Face Value = $50,000
Bond: FV = $50,000, IY = 4.31%, CY = 2, PMTBOND = Formula 14.2, PY = 2, 
Years Remaining = 10.5
	How You Will Get There
Step 2: Apply Formula 14.2 to determine the periodic bond interest payment.
Step 3: Apply Formulas 9.1, 11.1, and 14.3 to determine the price of the bond on its interest payment date. The cash price in Formula 14.1 equals the date price.
Step 4: Apply Formula 14.4 to determine the bond premium or discount.

	
	[image: ]

	Perform
	Step 2: 
Step 3: i = 4.31%/2 = 2.155%; N = 2 × 10.5 = 21 (compounds and payments)

Step 4: Premium or Discount = $74,452.86 − $50,000.00 = $24,452.86

	
	Calculator Instructions
[image: ]

	Present
	The bond has a coupon rate that is substantially higher than the market rate, so it is sold at a premium of $24,452.86 for a cash price of $74,452.86. Note that because the sale occurs on the interest payment date, there is no accrued interest, so the market price and cash price are the same.



	Example 14.1B: Pricing a Bond with General Dates on an Interest Payment Date

	A $25,000 Government of Canada bond was issued with a 25-year maturity and a coupon rate of 8.92% compounded semi-annually. Two-and-a-half years later the bond is being sold when market rates have increased to 9.46% compounded semi-annually. Determine the selling price of the bond along with the amount of premium or discount.

	Plan
	Although there are no specific dates, the coupon is semi-annual, making interest payments every six months. If the bond is being sold 2½ years after issue, this makes the sale date an interest payment date. On an interest payment date, solve for the date price, which is the same as the cash price. Also calculate the premium or discount.

	Understand
	What You Already Know
Step 1: The timeline for the bond sale appears below.
Coupon Interest Payment: CPN = 8.92%, CY = 2, Face Value = $25,000
Bond: FV = $25,000, IY = 9.46%, CY = 2, PMTBOND = Formula 14.2, PY = 2, 
Years Remaining = 22.5
	How You Will Get There
Step 2: Apply Formula 14.2 to determine the periodic bond interest payment.
Step 3: Apply Formulas 9.1, 11.1, and 14.3 to determine the price of the bond on its interest payment date. The cash price in Formula 14.1 equals the date price.
Step 4: Apply Formula 14.4 to determine the bond premium or discount.
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	Perform
	Step 2: 
Step 3: i = 9.46%/2 = 4.73%; N = 2 × 22.5 = 45 (compounds and payments)

Step 4: Premium or Discount = $23,751.28 − $25,000.00 = $1,248.72

	
	Calculator Instructions
[image: ]

	Present
	The bond has a coupon rate that is slightly lower than the market rate, so it is sold at a discount of $1,248.72 for a cash price of $23,751.28. Note that because the sale occurs on the interest payment date, there is no accrued interest, so the market price and cash price are the same.


Calculating the Bond Price on a Noninterest Payment Date
There are only two days of the year upon which the cash price and the market price of the bond are the same value. Those days are the interest payment dates, when you determine the bond’s value using Formula 14.3. However, what happens if the bond is sold on one of the other 363 days of the year?
On these other dates, the cash price and the market price are not equal. For each day that elapses after an interest payment date, interest for the next payment starts to accrue such that over the next six months, enough interest is available to make the next interest payment.
According to Formula 14.1, when an investor wants to purchase a bond in between interest payment dates, the buyer has to pay the seller a cash price equalling the market price of the bond plus the accrued interest. Why? Assume a bond makes semi-annual interest payments of $50. When the buyer acquires the bond from the seller, two months have elapsed since the last interest payment date. Since the seller held the bond for two months of the six-month payment interval, it is fair and reasonable for the seller to receive the interest earned during that time frame. However, the bond will not make its next interest payment until four months later, at which time the buyer, who now owns the bond, will receive the full $50 interest payment for the full six months. Thus, at the time of buying the bond, the buyer has to pay the seller the bond’s market price plus the portion of the next interest payment that legally belongs to the seller. In this example, an interest amount representing two of the six months needs to be paid.

[image: Teacher silhouette black and white with desk and blackboard by palomaironique]The Formula

Arriving at the bond’s price in between interest payment dates is a little complex because the cash price is increasing according to a compound interest formula, while in practice the accrued interest on the bond is increasing according to a simple interest formula. If this seems peculiar to you, you would be right, but that is just how bonds happen to work!
	You require three important pieces of information: what to pay (the cash price), how much simple interest was included in the cash price (the accrued interest), and what the actual value of the bond was (the market price). To arrive at these three numbers, follow these steps:
1. First calculate the cash price of the bond as shown in Formula 14.5.
2. Calculate the accrued interest included in that price as shown in Formula 14.6.
3. Determine the market price from Formula 14.1.
Date Price is Bond Price on most recent interest payment date: This is the unrounded bond price on the interest payment date immediately preceding the selling date. It is calculated by Formula 14.3. Thus, if the date of sale occurs 4¾ years before maturity, the preceding interest payment date is five years before maturity.
Cash Price is What The Buyer Pays: This is the amount the buyer of the bond pays, which includes both the market price of the bond and the accrued interest together. This price is determined through compound interest calculations.




 
Formula 14.5 - Bond Cash Price on a Noninterest Payment Date:   
t is Time Ratio: This is a ratio that determines the exact amount of time that the seller of the bond has held the bond since the last interest payment date. It is calculated as follows:

For example, assume a bond pays interest on March 1 and September 1. It is sold on May 15. The ratio would be:

i is Periodic Interest Rate: The periodic interest rate is calculated using Formula 9.1, where the IY is the nominal market rate and the CY is the market rate compounding frequency.









AI is Accrued Interest: Accrued interest in between bond interest payments is calculated on a simple interest basis. This formula is a modified version of Formula 8.1 in which I = Prt. Recall that PMTBOND is calculated by taking the face value (PV) and multiplying it by the periodic coupon rate (), or PVr (matching to Pr in Formula 8.1). You then multiply this by the time component. The result of the calculation determines the proportion of the next interest payment that belongs to the seller of the bond.




 Formula 14.6 - Accrued Interest on a Noninterest Payment Date:   AI = PMTBOND×tt is Time Ratio: This is the same ratio developed in Formula 14.5. It determines the exact amount of time that the seller of the bond has held the bond since the last interest payment date.
PMTBOND is Bond Coupon Payment: This is the annuity payment that the bondholder receives semi-annually throughout the investment. It results from Formula 14.2.






[image: cartoon cogs by tonyhewison]How It Works

Follow these steps to calculate the price of a bond in between interest payment dates: 
Step 1: Draw a timeline like the one to the right, extending from the preceding interest payment date to the maturity date. Identify all known variables.
Step 2: Using Formula 14.2, calculate the amount of the regular bond interest payment. For future calculations do not round this number.
Step 3: Using Formula 14.3, calculate the date price of the bond on the interest payment date just preceding the selling date.
· Use the market rate for Formula 9.1 (Periodic Interest Rate).
· Recall that you use only Formula 11.1 and recognize that it represents both the number of compound periods as well as the number of annuity payments.
[image: ]Step 4: Calculate the cash price of the bond using Formula 14.5. Calculate the time ratio by determining the exact number of days the seller held the bond as well as the exact number of days involved in the current payment interval.
Step 5: Calculate the accrued interest on the bond using Formula 14.6. Use the time ratio from step 5.
Step 6: Calculate the market price of the bond using Formula 14.1.
Step 7: If required, use Formula 14.4 to calculate the bond premium or discount. 

[image: file important by Anonymous]Important Notes

The DATE Function on the BAII Plus Calculator. To create the time ratio, determine the number of days since the last interest payment date as well as the total number of days in the current payment interval. You can compute this through the DATE function. For a full discussion of this function, recall the instructions at the end of Chapter 8. To arrive at the required numbers:
1. Compute the number of days since the last interest payment date by entering the last interest payment date as DT1 and the selling date as DT2. Compute the DBD.
2. Compute the total number of days in the current payment interval by entering the last interest payment date as DT1 and the next interest payment date as DT2. Compute the DBD.

[image: Cartoon No Idea by j4p4n]Things To Watch Out For

In calculations of bond premiums and discounts on noninterest-payment dates, the most common mistake is to use the cash price instead of the market price. Remember that the cash price includes both the accrued interest and the market price. The accrued interest does not factor into the value of the bond, since it represents a proportioning of the next interest payment between the seller and the buyer. Therefore, the amount of the bond premium or discount should not include the accrued interest. Use only the market price to determine the premium or discount.

[image: Top Secret by Mogwai] Paths To Success

On the BAII Plus, the PRI and AI outputs of the BOND worksheet must be summed together to arrive at the cash price. Both of these outputs represent a percentage of the face value (the same base) and can be summed before converting the percentage into a dollar amount. For example, if PRI = 98% and AI = 2.5%, you could take the total of 100.5% to figure out the cash price. Using the calculator efficiently, you would store the PRI into a memory cell, scroll down, and then add the recall of the memory cell to the AI to arrive at the total percentage of face value.

[image: Lost in thought by hefedute]  Give It Some Thought

1. Is the cash price or market price higher when a bond is sold in between interest payment dates?
2. Why can you not use Formula 14.3 directly to obtain the market price of a bond selling in between interest payment dates?
Solutions:
1. Cash price; it includes the accrued interest.
2. Accrued interest is calculated using simple interest, which results in slightly different numbers than if the bond price used compound interest alone.







	Example 14.1C: Bond Price on a Noninterest Payment Date

	A $20 million face value Bell Canada bond was issued on July 19, 1999, with a 30-year maturity and a coupon rate of 6.55% compounded semi-annually. At what cash price did the bond trade on November 10, 2010, when market yields were posted at 5.892% semi-annually? What was the accrued interest? What was the market price? What premium or discount does this represent?

	Plan
	Notice that this bond makes interest payments six months apart, on January 19 and July 19 of each year. The bond sale date, November 10, is not an interest payment date. Calculate four variables: the cash price, accrued interest (AI), market price (PRI), and the bond premium or discount.

	Understand
	What You Already Know
Step 1: The timeline of the bond sale appears below.
Coupon Interest Payment: CPN = 6.55%, CY = 2, Face Value = $20 million
Bond: FV = $20 million, IY = 5.892%, 
CY = 2, PMTBOND = Formula 14.2, 
PY = 2, Years Remaining = 18.5 years to preceding interest payment date
	How You Will Get There
Step 2: Apply Formula 14.2 to determine the periodic bond interest payment.
Step 3: Apply Formulas 9.1, 11.1, and 14.3 to determine the price of the bond on its preceding interest payment date.
Step 4: Apply Formula 14.5 to determine the cash price of the bond.
Step 5: Apply Formula 14.6 to determine the accrued interest.
Step 6: Apply Formula 14.1 to determine the market price.
Step 7: Apply Formula 14.4 to determine the bond premium or discount.

	
	[image: ]

	Perform
	Step 2: 
Step 3: i = 5.892%/2 = 2.946%; N = 2 × 19 = 38 (compounds and payments)

Step 4: 

Step 5: 
Step 6: $21,882,632.40 = PRI + $405,815.22                         $21,476,817.18 = PRI
Step 7: Premium or Discount = $21,476,817.18 − $20,000,000.00 = $1,476,817.18

	
	Calculator Instructions
[image: ]

	Present
	The bond had a coupon rate that is higher than the market rate, so it sold at a premium of $1,476,817.18 for a market price of $21,476,817.18. The buyer also owed the seller $405,815.22 of accrued interest; therefore, the cash price was $21,882,632.40.



	Example 14.1D: How Did the Investor Do?

	A $50,000 Government of Ontario bond was issued on March 1, 1995, with a coupon rate of 9.5% compounded semi-annually and 50 years until maturity. Harvey bought the bond on July 17, 1996, when market rates were 8.06% compounded semi-annually, and sold the bond on December 12, 2008, with a semi-annual yield of 3.45%. Based on the market price, what gain or loss did Harvey realize?

	Plan
	Notice that this bond makes interest payments six months apart, on March 1 and September 1 of each year. Since the bond is being bought on July 17 and sold on December 12, neither date represents an interest payment date. Calculate the market price (PRI) for both dates and then determine the difference.

	Understand
	What You Already Know
Step 1: The timeline for the bond sale appears below.
Coupon Interest Payment: CPN = 9.5%, CY = 2, Face Value = $50,000
Bond Purchase: FV = $50,000, IY = 8.06%, 
CY = 2, PMTBOND = Formula 14.2, PY = 2, 
Years Remaining = 49 years to preceding interest payment date
Bond Sale: FV = $50,000, IY = 3.45%, CY = 2, PMTBOND = Formula 14.2, PY = 2, 
Years Remaining = 36.5 years to preceding interest payment date
	How You Will Get There
Step 2: Apply Formula 14.2 to determine the periodic bond interest payment. For each of the purchase and sale, perform steps 3 through 6:
Step 3: Apply Formulas 9.1, 11.1, and 14.3 to determine the price of the bond on its preceding interest payment date.
Step 4: Apply Formula 14.5 to determine the cash price of the bond.
Step 5: Apply Formula 14.6 to determine the accrued interest.
Step 6: Apply Formula 14.1 to determine the market price.
Step 7: Determine the difference between the market prices (PRI) from the purchase to the sale.

	
	[image: ]

	Perform
	Step 2: 
	Step
	Bond Purchase (July 17, 1996)
	Bond Sale (December 12, 2008)

	3
	i = 8.06%/2 = 4.03%; N = 2 × 49 = 98 (compounds and payments)

	i = 3.45%/2 = 1.725%; N = 2 × 36.5 = 73 (compounds and payments)


	4
	

	


	5
	
	

	6
	$60,513.86 = PRI + $1,781.25
$58,732.61 = PRI
	$113,612.43 = PRI + $1,338.40
$112,274.03 = PRI


Step 7: Gain = $112,274.03 − $58,732.61 = $53,541.42

	
	Calculator Instructions
[image: ]

	Present
	Harvey acquired the bond for a market price of $58,732.61 and sold the bond approximately 12.5 years later for $112,274.03 because of the very low market rates in the bond market. As a result, the gain on his bond amounts to $53,541.42.



[image: Paper and Pencil 2 by isaiah658]Section 14.1 Exercises

For all questions, assume all interest rates or yields and payment frequencies are compounded semi-annually. Also assume that the redemption price equals the face value.

Mechanics
For each of the following bonds and the indicated selling date, calculate the cash price, accrued interest, market price, and determine the amount of the bond premium or discount.
	
	Face Value
	Coupon Rate
	Issue Date
	Selling Date
	Maturity Date
	Market Rate on Selling Date

	1.
	$1,000
	7.16%
	January 15, 1994
	January 15, 1997
	January 15, 2024
	7.16%

	2.
	$10,000
	9.4%
	April 28, 1987
	October 28, 1990
	April 28, 2022
	10.71%

	3.
	$5,000
	7.64%
	November 3, 1995
	May 3, 2009
	November 3, 2015
	3.96%

	4.
	$100,000
	5.81%
	February 20, 2000
	February 20, 2010
	February 20, 2015
	4.07%

	5.
	$250,000
	6.27%
	July 5, 1997
	March 8, 2007
	July 5, 2017
	4.21%

	6.
	$50,000
	16.33%
	January 12, 1982
	May 2, 2009
	January 12, 2032
	4.19%

	7.
	$2,500
	10.41%
	November 19, 1986
	September 13, 1990
	November 19, 2036
	11.49%

	8.
	$30,000
	8.99%
	January 30, 1992
	February 12, 1995
	January 30, 2042
	8.99%



Applications
For each of questions 9–14, calculate the cash price, accrued interest, market price, and the amount of the premium or discount.

9. With 17 years until maturity, Julio purchased an $8,000 Government of Saskatchewan bond with a coupon rate of 5.55%. The market yield was 8.65%.
10. A $5,000 Vancouver Internal Airport bond issued on June 7, 2004, with 14 years to maturity has a coupon rate of 4.42%. It was sold on December 7, 2009, when market rates were 4.07%.
11. A $25,000 City of Kingston bond issued on July 17, 2007, with five years to maturity has a coupon rate of 5.12%. It was sold on January 10, 2010, at a market rate of 4.18%.
12. On January 2, 1990, when market rates were 10.1%, a $50,000 Province of Prince Edward Island bond maturing on December 17, 2012, with a coupon rate of 9.75% was sold.
13. A $100,000 Nova Scotia Power Corporation bond with a coupon rate of 11.25% matures on April 27, 2014. It was sold on February 27, 2006, when market rates were 4.09%.
14. A $75,000 Government of Canada bond due to mature on September 5, 2020, was sold on September 5, 2009, at a market rate of 3.85%. It carries a coupon rate of 3.84%.
15. The original holder of a $10,000 Province of Manitoba bond issued December 1, 2006, with a 2% coupon and 30 years to maturity sells her bond on June 1, 2010, when market rates were 5.25%. By what amount did the market price increase or decrease for this investor?

Challenge, Critical Thinking, & Other Applications
16. The Alberta Capital Finance Authority issued a 20-year $100,000 bond on December 15, 2005, with a coupon rate of 4.45%. If Mirabelle purchased the bond on June 15, 2007, at a market rate of 4.56% and subsequently sold the bond on March 31, 2009, at a market rate of 3.74%, determine the amount by which the market price increased or decreased for Mirabelle.
17. A $125,000 Province of Ontario 50-year bond issued on March 1, 1995, carries at 9.5% coupon. Amy purchased the bond on September 1, 1999, at a market rate of 5.91% and later sold the bond on September 30, 2008, when posted rates were 6.13%. Based solely on the market price, determine the gain or loss that Amy experienced.
18. On August 16, 2012, a bond had a market price of $8,240.66 and accrued interest of $157.95 when the market rate was 8%. What is the bond's face value if it matures on May 15, 2033?

19. A 30-year maturity $10,000 face value Government of Canada bond with an 8% coupon was issued on June 1, 1997. Calculate the market price and cash price in the year 2006 on each of June 1, July 1, August 1, September 1, October 1, November 1, and December 1 if the market rate remains constant at 4.5%. Comment on the pattern evident in both the cash price and market price.
20. Assume a $10,000 bond has 20 years until maturity with a coupon rate of 5%.
a. Determine its market price at rates of 3%, 4%, 5%, 6%, and 7%.
b. Do the market prices of the bond equally change for each 1% change in the market rate? Why or why not?
c. Does a market rate that is 1% higher than the coupon rate result in the same premium or discount as a rate that is 1% lower than the coupon rate? Why or why not?
d. Assume the bond now only has 10 years until maturity and repeat part (a).
e. Compare your answers to parts (a) and (d). What impact does the time until maturity have on the change in the bond price?
	


14.2: Calculating a Bond’s Yield
(Know When to Hold ’em, Know When to Fold ’em)
	
Should you always hold onto a bond until maturity? Is there a best time to sell? In the opener to the last section, you invested in 10 Government of Canada $5,000 face value bonds with a 5% coupon and 20 years remaining to maturity. For these you paid $4,699.02 each when prevailing bond rates were 5.5%. Ten years after you purchased those bonds, prevailing bond market rates have dropped to 3.35% but are expected to rise in the near future. Is now the time to sell those bonds?
This is a complex decision with many variables; however, to help make that decision you must know at least three critical pieces of information: the selling price of the bond, the yield you would realize on your investment if you held onto the bond until maturity, and the yield if you sold the bond today.
	This section integrates the calculations of bond prices and bond yields so that you better understand your bond investments. These guidelines apply whether you are investing personally or on behalf of your company.

Yield to Maturity
	
The yield to maturity, also known as basis, is a bond's overall rate of return when purchased at a market price and held until maturity. It includes both the semi-annual interest that the bondholders earn on their investment along with the gain or loss resulting from the difference between the market price on the selling date and the redemption price. This yield to maturity is exactly equal to the market rate of return on the date of purchase. Thus, in the example above, if you hang on to those bonds until maturity, you will realize a yield to maturity of 5.5%.
	In this section, you are turning around the calculations from Section 14.1, where you answered the question, "Knowing the market rate of return, what will you pay?" Now you are asked, "Knowing what you pay, what is the market rate of return?" Thus, rewording the opening example you would have: “If you paid $4,699.02 for a $5,000 face value bond with 20 years to maturity having a 5% coupon, what yield to maturity would you realize?"

[image: Teacher silhouette black and white with desk and blackboard by palomaironique]The Formula

You need no new formulas to calculate a bond's yield to maturity. The goal is to solve for the nominal rate of interest, or IY. You must work with Formulas 14.2, 14.3, and 9.1. Recall that Formula 14.2 determines the semi-annual bond coupon interest payment amount. You substitute this amount into Formula 14.3, which calculates the price of the bond on an interest payment date. However, in this case you must solve Formula 14.3 not for the date price but for the periodic rate of interest, or i. Once you know the periodic interest rate, you can substitute it into Formula 9.1 and solve for the nominal interest rate, or IY.
One problem in using the formula approach is that it is impossible to algebraically isolate the periodic interest rate in Formula 14.3. You must turn to technology such as the BAII Plus calculator or Excel.

[image: cartoon cogs by tonyhewison]How It Works

Follow these steps to calculate a bond's yield to maturity:
[image: ]Step 1: Draw a timeline like the one presented here, extending from the selling date to the maturity date. Identify all known variables. 
Step 2: Using Formula 14.2, calculate the amount of the bond interest payment.
Step 3: As in Section 14.1, use Formula 11.1 to calculate the N. Since the market rate and the coupon rate are both semi-annual, the N is used as both the total number of compounds and the total number of payments.
· If using a manual method, substitute all known numbers into Formula 14.3 and attempt to solve for the periodic interest rate (i). Once you know this, convert it to a nominal interest rate using Formula 9.1.
· Alternatively, if you are using technology such as the calculator, input all known variables and solve directly for the nominal interest rate (IY).

[image: file important by Anonymous]Important Notes

Note two conditions when you calculate yield to maturity:
1. Trading takes place only on interest payment dates.
2. The bondholder reinvests all coupon payments at the same rate of interest.
Calculations not meeting these conditions are beyond the introductory scope of this textbook.

[image: Lost in thought by hefedute]  Give It Some Thought

If you purchase a bond with a coupon rate of 4% when the market rate is 5%, what yield to maturity will you realize?
Solution:
5%; your yield to maturity depends on the market rate, not the coupon rate.





	Example 14.2A: A Basic Yield to Maturity

	Suppose a $10,000 face value bond is purchased for $7,688.52 with 20 years until maturity and has a coupon rate of 4% semi-annually. What yield will the bondholder realize if she holds onto it until maturity?

	Plan
	The yield to maturity represents the nominal rate of interest on the bond, or IY.

	Understand
	What You Already Know
Step 1: The timeline for the bond sale appears below.
Coupon Interest Payment: CPN = 4%, CY = 2, 
Face Value = $10,000
Bond: Date Price = $7,688.52, FV = $10,000, CY = 2, PMTBOND = Formula 14.2, PY = 2, Years Remaining = 20
	How You Will Get There
Step 2: Apply Formula 14.2 to determine the periodic bond interest payment.
Step 3: Apply Formulas 11.1, 14.3, and 9.1 to determine the yield to maturity (IY). Solve Formulas 14.3 and 9.1 using the calculator.

	
	[image: ]

	Perform
	Step 2: 
Step 3: N = 2 × 20 = 40 (compounds and payments)
 	
Calculator output = IY = 6%
	Calculator Instructions
[image: ]

	Present
	If she holds onto the bond for the next 20 years, she will realize a yield to maturity of 6% compounded semi-annually.



The Investor’s Yield
	
The yield-to-maturity calculation requires that the bond be held until its maturity date, at which point the future value redemption price is known and equal to its face value. However, this condition may not hold. The bondholder may sell the bond at any point before the maturity date. If the bond is sold, the future value is based on the prevailing bond rate at that time, and the price is generally not equal to its face value. What then is the bond’s yield for the investor?
[image: ]The investor's yield consists of the coupon payments that have been received while the investor possesses the bond along with the difference achieved between the purchase price and the selling price. The next figure illustrates what happens to the investor’s yield by relating the post-purchase market rate and the investor's yield.
· When the market rate rises after the bond has been purchased, the investor experiences a lower yield than the original yield to maturity since the future bond selling price is reduced. Suppose that investors purchase the bond at a 5% market rate:
· If they hold it until maturity, they achieve a 5% yield to maturity.
· If they instead sell the bond before maturity when the market rate is 6%, the investor’s yield is less than 5%.
· When the market rate declines after the bond has been purchased, the investor experiences a higher yield than the original yield to maturity, since the future bond selling price is increased. Suppose again that investors purchase the bond at a 5% market rate:
· If they hold it until maturity, they of course achieve a 5% yield to maturity.
· If they sell the bond when the market rate is 4%, the investor’s yield is more than 5%.

[image: Teacher silhouette black and white with desk and blackboard by palomaironique]The Formula

The existing bond formulas are sufficient for calculating the investor’s yield. You need Formula 14.2 to determine the bond coupon payment amount. You use Formula 14.3 to calculate both the purchase price and the selling price. You then use it a third time to solve for the periodic interest rate. When you solve for i, the future value of the bond that you substitute into the formula must be the selling price of the bond at the future date, not the redemption price.

[image: cartoon cogs by tonyhewison]How It Works

Follow these steps to calculate the investor’s yield:
[image: ]Step 1: Draw a timeline like the one depicted here, extending from the purchase date to the maturity date. Clearly indicate the selling date. Identify all known variables. 
Step 2: Using Formula 14.2, calculate the amount of the bond interest payment.
Step 3: If needed, calculate the purchase price using Formula 14.3. As in previous procedures, use Formula 11.1 to calculate the semi-annually based N representing both the total number of compounds and the total number of payments. Use the market rate at the time of purchase.
Step 4: If needed, calculate the selling price using Formula 14.3 in the same manner. Use the market rate at the time of sale.
Step 5: Solve for the nominal rate of interest (IY) between the purchase date and the selling date. The purchase price is the date price, and the selling price is the future value (FV).
· If using a manual method, substitute all known numbers into Formula 14.3 and solve for the periodic interest rate (i). Convert it into a nominal interest rate using Formula 9.1.
· Alternatively, if using technology such as a calculator, then input all known variables and solve directly for the nominal interest rate (IY).

[image: file important by Anonymous]Important Notes

The same two requirements that applied to calculating yield to maturity persist when you calculate investor’s yield:
1. Trading takes place only on interest payment dates.
2. The bondholder reinvests all coupon payments at the same rate of interest.

[image: Lost in thought by hefedute]  Give It Some Thought

In each of the following, determine whether the investor’s yield increases, decreases, or remains the same.
1. A bond is purchased when the market yield is 5% and then sold when the market rate is 4%.
2. A bond is purchased when the market yield is 5% and then sold when the market rate is 5%.
3. A bond is purchased when the market yield is 5% and then sold when the market rate is 6%.Solutions:
1. Increases; a lower market rate causes the selling price to rise.
2. Same; no change in the market rate results in no change to the yield.
3. Decreases; a higher market rate causes the selling price to decline.








	Example 14.2B: The Investor’s Yield

	A $1,000 face value bond with a 7% coupon and 12 years to maturity was purchased for $1,084.68 when market rates were 6%. It sold seven years later for $920.87, when market rates were 9%. What yield did the bondholder realize?

	Plan
	The investor’s yield represents the nominal rate of interest on the bond during the time the investor owned the bond, or IY.

	Understand
	What You Already Know
Step 1: The timeline for the purchase and sale of the bond appears below.
Coupon Interest Payment: CPN = 7%, CY = 2, Face Value = $1,000
Purchase/Sale of Bond: 
PV = $1,084.68, FV = $920.87, 
CY = 2, PMTBOND = Formula 14.2, 
PY = 2, Years Held = 7
	How You Will Get There
Step 2: Apply Formula 14.2 to determine the periodic bond interest payment.
Step 3: Determine the bond purchase price. It is known at $1,084.68 and does not need to be calculated. This is the date price for step 5.
Step 4: Determine the bond selling price. It is known at $920.87 and does not need to be calculated. This is the future value (FV) for step 5.
Step 5: Apply Formulas 11.1, 14.3, and 9.1 to determine the investor’s yield (IY).
Solve Formulas 14.3 and 9.1 using your calculator.

	
	[image: ]

	Perform
	Step 2: 
Step 5: N = 2 × 7 = 14 (compounds and payments)
 		
Calculator output = IY = 4.6003%
	Calculator Instructions
[image: ]

	Present
	The bond market price dropped significantly because of the 3% rise in the market rate over the seven-year time period. Thus, the investor does not realize the original yield to maturity of 6% (the market rate), and in fact the investor’s yield has dropped to 4.6003% compounded semi-annually.

	Example 14.2C: What Yield Do You Realize if You Sell Your Bond Now?

	In the opening discussions to Sections 14.1 and 14.2, you had invested in 10 Government of Canada $5,000 face value bonds with a 5% coupon and 20 years remaining to maturity, paying $4,699.02 each when prevailing bond rates were 5.5%. You notice today, 10 years later, that prevailing bond rates have dropped to 3.35%. What investor’s yield would you realize if you sold your bonds today?

	Plan
	You need to calculate the yield for just one of the 10 bonds since, of course, the yield is the same across all bonds. The investor’s yield represents the nominal rate of interest on the bond during the time you own the bond, or IY.

	Understand
	What You Already Know
Step 1: The timeline for purchase and sale of the bond appears below.
Coupon Interest Payment: CPN = 5%, CY = 2, 
Face Value = $5,000
Purchase of Bond: PV = $4,699.02
Sale of Bond: FV = $5,000, IY = 3.35%, CY = 2, PMTBOND = Formula 14.2, PY = 2, 
Years Remaining = 10
Purchase/Sale of Bond: PV = $4,699.02, FV = Sale Price, CY = 2, PMTBOND = Formula 14.2, PY = 2, Years Held = 10
	How You Will Get There
Step 2: Apply Formula 14.2 to determine the periodic bond interest payment.
Step 3: Determine the bond purchase price. It is known at $4,699.02 and does not need to be calculated. This is the date price for step 5.
Step 4: Determine the bond selling price by applying Formulas 9.1, 11.1, and 14.3. This is the future value (FV) for step 5.
Step 5: Apply Formulas 11.1, 14.3, and 9.1 to determine the investor’s yield (IY). Solve Formulas 14.3 and 9.1 using the calculator.

	
	[image: ]

	Perform
	Step 2: 
Step 4: i = 3.35%/2 = 1.675%; N = 2 × 10 = 20 (compounds and payments)

Step 5: N = 2 × 10 = 20 (compounds and payments)
		 
Calculator output = IY = 6.8338%

	
	Calculator Instructions
[image: ]

	Present
	The bond market price increased significantly over the 10-year time period because the market rate dropped from 5.5% to 3.35%. Thus, the investor realizes more than the original yield to maturity of 5.5% (the market rate), and in fact the investor’s yield has risen to 6.8338% compounded semi-annually.





[image: Paper and Pencil 2 by isaiah658]Section 14.2 Exercises

For all questions, assume that all interest rates or yields and payment frequencies are compounded semi-annually. Also assume that the redemption price equals the face value.

Mechanics
For each of the following bonds, calculate the yield to maturity.
	
	Face Value
	Purchase Price
	Coupon Rate
	Years Remaining until Maturity

	1.
	$1,000
	$1,546.16
	6%
	25

	2.
	$5,000
	$3,824.41
	5.75%
	18.5



	
	Face Value
	Purchase Date
	Purchase Price
	Maturity Date
	Coupon Rate

	3.
	$2,500
	January 2, 2009
	$1,671.47
	January 2, 2025
	6.18%

	4.
	$10,000
	April 13, 2003
	$14,480.91
	October 13, 2017
	7.15%


For each of the following bonds, calculate the investor's yield.
	
	Purchase Price
	Selling Price
	Years Held
	Coupon Rate
	Face Value

	5.
	$23,123.77
	$21,440.13
	6
	7.25%
	$25,000

	6.
	$106,590.00
	$109,687.75
	11 years, 6 months
	8.65%
	$100,000



	
	Purchase Date
	Market Rate at Time of Purchase 
	Selling Date
	Market Rate at Time of Sale
	Maturity Date
	Coupon Rate
	Face Value 

	7.
	September 29, 2005
	9%
	March 29, 2010
	7%
	March 29, 2022
	8.65%
	$500,000

	8.
	May 21, 1998
	6.355%
	November 21, 2008
	6.955%
	May 21, 2033
	7.165%
	$50,000



Applications
9. A $495,000 face value Province of Ontario bond issued with a coupon rate of 7.5% is sold for $714,557.14. If 20 years remain until maturity, what was the yield to maturity?
10. A $100,000 face value bond is issued with a 5% coupon and 22 years until maturity. If it sells for $76,566.88 9½ years later, what was the yield to maturity?
11. A $15,000 face value bond matures on August 3, 2024, and carries a coupon of 6.85%. It is sold on February 3, 2009, for $20,557.32. Determine the yield to maturity.
12. A $50,000 face value Government of Canada bond is purchased for $48,336.48 and sold nine years later for $51,223.23. If the coupon rate is 4.985%, calculate the investor's yield.
13. Usama acquired a $30,000 face value City of Hamilton bond carrying a 4.95% coupon for $32,330.08 when market rates were 4%. Six years later, market rates are posted at 4.25% and he can sell his bond for $30,765.05. If he doesn't want his investor’s yield to be less than his original yield to maturity, should he sell his bond? Provide calculations to support your answer.
14. Great-West Life (GWL) issued a $100,000 face value bond carrying a coupon rate of 6.14% and 20 years to maturity. Eight years later, GWL decides to buy back some of its outstanding bonds when current market rates are 7.29%. If the bond was held from the issue date until the selling date, what yield did the bondholder realize on her investment?
15. Island Telephone Corporation issued a $250,000 face value bond on March 1, 1988, carrying a 9.77% coupon and 30 years to maturity. Global Financial Services purchased the bond on March 1, 1995, at which point the market rate was 8.76%, and sold it on September 1, 2007, for $359,289.44 when market rates were 4.5%. What yield did Global Financial Services realize on its investment?
16. Briar Rose is considering selling her bond but will do so only if she can realize an investor's yield of no less than 3.75%. She purchased the $20,000 face value bond carrying a 6.35% coupon with 25 years to maturity when market rates were 4.85%. Today, 11 years and 6 months later, the market rate is 6.88%. Should Briar Rose sell her bond? Provide calculations to support your answer.

Challenge, Critical Thinking, & Other Applications
17. A $50,000 face value TransCanada Corporation bond carrying a 5.1% coupon matures on January 11, 2017. The bond is purchased on July 11, 2008, for $53,336.24 and later sold on January 11, 2010, for $53,109.69.
a. Calculate the yield to maturity on the purchase date.
b. Calculate the yield to maturity on the selling date.
c. Calculate the investor's yield and express it as a percent change from yield to maturity on the purchase date.
18. A $75,000 face value Canada Post Corporation bond carrying a 4.08% coupon will mature on July 16, 2025. The bond was purchased on January 16, 2006, when market rates were 4.2% and later sold on July 16, 2009, when market rates were 4.05%.
a. Calculate the purchase price of the bond along with the amount of the premium or discount.
b. Calculate the selling price of the bond along with the amount of the premium or discount.
c. Calculate the investor's yield on the bond and express it as a percent change of the market rate on the purchase date.
d. Convert the purchase date market rate and the investor's yield to their effective rates. Express the investor's yield as a percent change of the original effective rate.

19. The finance manager for Global Holdings Corporation has some funds to invest in bonds. The following three $50,000 face value bond options are available:
a. A bond carrying a coupon rate of 5.07% with 13 years until maturity and selling for $51,051.79.
b. A bond carrying a coupon rate of 4.99% with 8.5 years until maturity and selling for $50,552.33.
c. A bond carrying a coupon rate of 3.96% with 20 years and 6 months until maturity and selling for $44,022.81.
Based solely on each bond's yield to maturity, rank the bonds and recommend the one in which the manager should invest the money.
20. Thirty years ago the Mario Brothers invested in a $100,000 face value bond carrying a 7.55% coupon. They have held onto the bond the whole time until today, when the bond matures. In looking at historical bond prices, they wonder what yield they might have realized by selling the bond somewhere along the way. At five-year intervals, the selling price of the bond would have been $105,230.26, $108,133.36, $120,755.53, $141,716.98, and $130,443.72. Calculate the investor's yield throughout the history of the bond and rank the five-year intervals from highest to lowest.




14.3: Sinking Fund Schedules
(You Need to Show Responsibility)
	
Individuals and businesses should always plan to save toward their future goals. A sinking fund represents one way of accomplishing this, earning interest while regular contributions build up, all to reach a specified target at the end of the period. 
	For instance, let’s say you are a production manager. In your desk inbox a consultant’s report warns about the worrisome state of your production facilities and warehousing operations. Because your current production machinery is really showing its age, you need to replace it within three years. Meanwhile, increasing demand makes a new warehouse in Scarborough necessary within five years. The costs of each project are forecast at $1 million and $3 million, respectively. You see in the financial reports for the company that your company averages annual net profits of about $750,000. Your company needs to start setting aside the required funds now for these urgent projects.
	On your way home, you pass by a newly constructed residential neighbourhood. You have your eye on a starter home there with a list price of approximately $325,000. The 5% down payment required by the mortgage lender is $16,250. You have been making end-of-month contributions of $239 for the past four years into a savings plan earning 5% compounded monthly. On a whim, you head into the development, where you find a show home currently on the market for $250,000. You are quite smitten with the home and know that it will not take long to sell. Before putting in an offer, you wonder if your savings plan has enough funds to meet the 5% down payment requirement today.

Sinking Funds
	
A sinking fund is a special account into which an investor, whether an individual or a business, makes annuity payments such that sufficient funds are on hand by a specified date to meet a future savings goal or debt obligation. In its simplest terms, it is a financial savings plan. As the definition indicates, it has either of two main purposes:
1. Capital Savings. When your goal is to acquire some form of a capital asset by the end of the fund, you have a capital savings sinking fund. What is a capital asset? It is any tangible property that is not easily converted into cash. Thus, saving up to buy a home, car, warehouse, or even new production machinery qualifies as capital savings.
2. Debt Retirement. When your goal is to pay off some form of debt by the end of the fund, then you have a debt retirement sinking fund. Perhaps as a consumer if you were able to get a 0% interest plan with no payments for one year; you might want to make monthly payments into your own savings account such that you would have the needed funds to pay off your purchase when it comes due. Businesses usually set up these funds for the retirement of stocks, bonds, and debentures.
	Whether the sinking fund is for capital savings or debt retirement, the mathematical calculations and procedures are identical. Now, why discuss sinking funds in the chapter about bonds? Many bonds carry a sinking fund provision. Once the bond has been issued, the company must start regular contributions to a sinking fund because large sums of money have been borrowed over a long time frame; investors need assurance that the bond issuer will be able to repay its debt upon bond maturity. For example, in the chapter opener the profits needed to repay the financing for the Bipole III project will not just miraculously appear in the company's coffers. Instead, over a period of time the company will accumulate the funds through saved profits.
	To provide further assurance to bondholders, the sinking fund is typically managed by a neutral third party rather than the bond-issuing company. This third-party company ensures the integrity of the fund, working toward the debt retirement in a systematic manner according to the provisions of the sinking fund. Investors much prefer bonds or debentures that are backed by sinking funds and third-party management because they are less likely to default.
	In the case of bonds or debentures, sinking funds are most commonly set up as ordinary simple annuities that match the timing of the bond interest payments. Thus, when a bond issuer makes an interest payment to its bondholders, it also makes an annuity payment to its sinking fund. In other applications, any type of annuity is possible, whether ordinary or due and general or simple.



Complete Ordinary Sinking Fund Schedules

A complete sinking fund schedule is a table that shows the sinking fund contribution, interest earned, and the accumulated balance for every payment in the annuity. It is very similar to an amortization schedule except that (1) the balance increases instead of decreasing, and (2) the interest is being earned instead of being paid.

[image: Teacher silhouette black and white with desk and blackboard by palomaironique]The Formula

To complete the sinking fund schedule, you must calculate the interest earned and thus apply Formula 13.1, which calculates the interest portion of a single payment: 

Aside from that formula, the table is mathematically simple, requiring only basic addition.

[image: cartoon cogs by tonyhewison]How It Works

Follow these steps to develop a complete sinking fund schedule: 
Step 1: Draw a timeline. Identify all of your time value of money variables (N, IY, FVORD, PMT, PV, PY, CY). If either N or PMT is unknown, solve for it using an appropriate formula. Remember to round PMT to two decimals.
Step 2: Set up a sinking fund schedule following the template below, (the cells are marked with the step numbers that follow). The number of payment rows in your table is equal to the number of payments in the annuity (N).
	Payment Number
	Payment Amount at End($) (PMT)
	Interest Earned  or Accrued ($) (INT)
	Principal Balance Accumulated  at End of Payment Interval ($) (BAL)

	0–Start
	N/A
	N/A
	(3)

	1
	(4)
	(5)
	(6)

	…
	
	
	

	Last payment 
	
	
	

	Total
	(9)
	(9)
	N/A



Step 3: Fill in the present value of the annuity (PV). You typically start with a zero balance when you save toward a future goal, although sometimes you may make an immediate lump-sum deposit to start the account.
Step 4: Fill in the rounded annuity payment (PMT) all the way down the column, including the final payment row.
Step 5: Calculate the interest portion of the sinking fund’s current balance (INT) using Formula 13.1. Round the number to two decimals for the table, but keep track of all decimals throughout.
Step 6: Calculate the new balance by taking the previous unrounded balance on the line above and adding both the annuity payment and the unrounded interest on the current row. Round the result to two decimals for the table, but keep track of all decimals for future calculations.
Step 7: Repeat steps 5 and 6 for each annuity payment until the schedule is complete.
Step 8: Since all numbers are rounded to two decimals throughout the table, check the table for the "missing penny.” This is the same "missing penny" concept as discussed in the Chapter 13 amortization schedules. Ensure that previous balances plus current payments and interest equal the new balance. If not, adjust the interest earned amount as needed. Do not adjust the balance in the account or the payment. Make as many penny adjustments as needed; they typically appear in pairs such that when you must increase one line by one penny, another subsequent line reduces the interest by one penny.
Step 9: Total up the principal payments made and interest earned for the entire schedule.

[image: file important by Anonymous]Important Notes

When you work with sinking fund schedules, remember three key considerations with respect to the annuity type, final payment adjustment, and the rounding of the sinking fund payment:
1. You can use the ordinary sinking fund schedule for both simple and general annuities.
· Under a simple sinking fund, the payments and interest always occur together on the same line of the schedule, which raises no complications of realized versus accrued interest.
· However, for the general annuity, although you could create a table where interest is converted to principal between each annuity payment, it makes no fundamental or mathematical difference in the balance of the fund at any given time. Therefore, this textbook’s sinking fund schedules reflect the interest earned regardless of whether it has been converted to principal or remains in accrued format as of each annuity payment date.
2. You are not legally required to be precise when saving up for a future goal. You do not need to adjust the final payment to bring the sinking fund to an exact balance. If the account balance is marginally below or above the goal, you can either top it up as needed or use the extra funds for another purpose.
For the above reason, the sinking fund annuity payment amount is frequently rounded off to a convenient whole number. In this textbook you will be clearly instructed if such rounding is to occur; otherwise, use the exact annuity payment rounded to two decimals.

Your BAII Plus Calculator. Although the calculator has no function called "sinking fund," sinking funds have the same characteristics as amortization schedules. Therefore, use the AMORT function located on the 2nd shelf above the PV key to create the sinking fund schedule. You can find full instructions for the AMORT function in Chapter 13. The key difference in using this function for sinking funds is that the principal grows instead of declines.
	With respect to the cash flow sign convention, your PV (if not zero) and PMT are negative, since money is being invested into the account. The FV is a positive number, since it can be withdrawn in the future. As in Chapter 13, you need to input all time value of money buttons accurately before accessing this function.
The BAL and INT outputs are accurate and true to definition. The BAL represents the balance in the fund. The INT represents the interest earned for the specified payments. The PRN output is also accurate, but its definition is changed to represent the total of the annuity payments made and the interest earned. It represents the total increase in the balance of the fund over the course of the specified payments.

[image: Lost in thought by hefedute]  Give It Some Thought

In an amortization schedule, the interest portion for each payment steadily declines with each annuity payment. What do you think happens to the interest earned with each payment in a sinking fund?
Solution:
It steadily gets larger since the principal balance is increasing instead of decreasing.





	Example 14.3A: A Sinking Fund for a Bond

	The City of Winnipeg issued a $500,000 face value bond with three years until maturity. It will make contributions at the end of every six months to a sinking fund earning 5.8% compounded semi-annually. Construct a complete sinking fund schedule and calculate the total principal contributions and interest components.

	Plan
	You are to construct a complete sinking fund schedule for the bond. The schedule needs to provide the total principal contributions, which is the same as the total payments (PMT) made to the fund, as well as the total interest (INT) earned.

	Understand
	What You Already Know
Step 1: The timeline for the City of Winnipeg’s sinking fund appears below.
FVORD = $500,000, 
IY = 5.8%, CY = 12, 
PY = 2, Years = 3, 
PV = $0
	How You Will Get There
Step 1 (continued): Solve for the ordinary sinking fund annuity payment (PMT) using Formulas 9.1, 11.1, and 11.2 (rearranging for PMT).
Step 2: Set up the sinking fund schedule.
Steps 3 and 4: Fill in the original principal with zero (since this is the opening balance) and payment column with the PMT from step 1.
Steps 5 to 7: Use Formula 13.1 to calculate the interest and add the row to get the new balance for each line.
Step 8: Check for the "missing penny."
Step 9: Sum the interest portion as well as the total payments for the principal contribution.
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	Perform
	Step 1 (continued): i = 5.8%/2 = 2.9%; N = 2 × 3 = 6 payments

Steps 2 to 7 (with some calculations) are detailed in the table below:
	Payment Number
	Payment Amount at End($) (PMT)
	Interest Earned or Accrued ($) (INT)
	Principal Balance Accumulated at End of Payment Interval ($) (BAL)

	0–Start
	
	
	$0.00

	1
	$77,493.07
	(1) $0.00
	(2) $77,493.07

	2
	$77,493.07
	(3) $2,247.30
	(4) $157,233.44

	3
	$77,493.07
	(5) $4,559.77
	(6) $239,286.28

	4
	$77,493.07
	$6,939.30
	$323,718.65

	5
	$77,493.07
	$9,387.84
	$410,599.56

	6 
	$77,493.07
	$11,907.39
	$500,000.02

	Total
	$464,958.42
	$35,041.60
	


(1) 
(2) New Balance = $0.00 + $77,493.07 + $0.00 = $77,493.07
(3) 
(4) New Balance = $77,493.07 + $77,493.07 + $2,247.298945 = $157,233.4389
(5) 
(6) New Balance = $157,233.4389 + $77,493.07 + $4,559.769729 = $239,286.28
Steps 8 to 9: There are no rounding errors and the table is correct. Total the interest and principal contributions.

	
	Calculator Instructions
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	Present
	The complete sinking fund schedule is shown in the table above. The total interest earned by the City of Winnipeg is $35,041.60 in addition to the $464,958.42 of principal contributions made. Note that the fund has an extra $0.02 in it after the three years.



Partial Ordinary Sinking Fund Schedules
	
For the same reasons as with amortization schedules, sometimes you are interested in creating partial sinking fund schedules for a specified range of payments and not the entire sinking fund. This may be because of any of the following reasons:
· The sinking fund schedule is too long.
· Your sole interest is in the interest portion during a specific period of time for accounting and tax purposes.
· You are assisting in the financial planning of the individual or organization at a particular point in time.

[image: cartoon cogs by tonyhewison]How It Works

For a partial sinking fund schedule, follow almost the same procedure as for a complete sinking fund schedule, with the following notable differences:
Step 2: Set up the partial sinking fund schedule according to the template provided here. The table identifies the corresponding step numbers.
Step 3: Calculate the balance accumulated in the account immediately before the first payment of the partial schedule. Recall the three calculations required to determine this value:
	Payment Number
	Payment Amount at End($) (PMT)
	Interest Earned  or Accrued ($) (INT)
	Principal Balance Accumulated  at End of Payment Interval ($) (BAL)

	Preceding Payment #
	N/A
	N/A
	(3)

	First Payment Number of Partial Schedule
	(4)
	(5)
	(6)

	…
	
	
	

	Last Payment Number of Partial Schedule
	
	
	

	Total
	(9)
	(9)
	N/A


· Calculate the future value of the original principal. Use Formulas 9.1 (Periodic Interest Rate), 9.2 (Number of Compounding Periods for Single Payments), and 9.3 (Compound Interest for Single Payments).
· Calculate the future value of all annuity payments already made. Apply Formulas 11.1 (Number of Annuity Payments) and 11.2 (Ordinary Annuity Future Value).
· Sum the above two calculations to arrive at the principal balance (BAL) immediately before the first payment required in the partial sinking fund schedule.

[image: Cartoon No Idea by j4p4n]Things To Watch Out For

When you use Excel to create amortization schedules, recall that your template does not correct for the “missing penny.” The situation is no different with respect to sinking fund schedules. Therefore, a schedule generated using the Excel template may have the occasional penny difference on any given line since each displayed number is rounded to two decimals, but the total interest and total principal are always correct since the unrounded numbers are used in their calculations.

	Example 14.3B: A Partial Sinking Fund Schedule

	The Alberta Capital Finance Authority (ACFA) issued a $200,000 face value bond with five years until maturity. The sinking fund provision requires payments to be made at the end of every quarter into a fund earning 4.4% compounded quarterly. Create a partial sinking fund schedule for the third year. Calculate the total interest earned and total contributions made in the third year.

	Plan
	You are to construct a partial sinking fund schedule for the third year of the loan along with the total interest earned and total contributions for the year.

	Understand
	What You Already Know
Step 1: The timeline for the bond appears below.
FVORD  = $200,000, 
IY = 4.4%, CY = 4, 
PY = 4, Years = 5, 
PV = $0
	How You Will Get There
Step 1 (continued): Solve for the ordinary sinking fund annuity payment (PMT) using Formulas 9.1, 11.1, and 11.2 (rearranging for PMT).
Step 2: Set up the partial sinking fund schedule according to the template.
Step 3: There is no single payment at the beginning (PV = $0). Calculate just the future value of the first eight annuity payments using Formulas 11.1 and 11.2. The balance in the account prior to the third year is equal to the FVORD.
Step 4: Fill in the payment column for the four payments made in the third year.
Steps 5 to 7: Use Formula 13.1 to calculate interest and add the row to get the new balance for each line.
Step 8: Check for the "missing penny."
Step 9: Total up the interest portion as well as the total payments for the principal contribution.
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	Perform
	Step 1 (continued): i = 4.4%/4 = 1.1%; N = 4 × 5 = 20 payments

Steps 2 to 7 (with some calculations, including step 3) are detailed in the table below:
	Payment Number
	Payment Amount at End($) (PMT)
	Interest Earned or Accrued ($) (INT)
	Principal Balance Accumulated at End of Payment Interval ($) (BAL)

	8
	
	
	(1) $74,792.09

	9
	$8,994.98
	(2) $822.71
	(3) $84,609.78

	10
	$8,994.98
	$930.71
	$94,535.47

	11
	$8,994.98
	$1,039.89
	$104,570.34

	12
	$8,994.98
	$1,150.27
	$114,715.59

	Total
	$35,979.92
	$3,943.58
	


(1) Step 3: N = 4 × 2 = 8 payments;        
(2) 
(3) New Balance = $74,792.0893 + $8,994.98 + $822.712982 = $84,609.78229
Steps 8 to 9: In this case there are no rounding errors and the table above is correct. Total the interest and principal contributions.

	
	Calculator Instructions
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	Present
	The partial sinking fund schedule for the third year is shown in the table above. ACFA contributed $35,979.92 to the fund and earned total interest of $3,943.58.



Sinking Funds Due Schedules
	
While ordinary sinking funds are typical for bonds, capital savings sinking funds can take any form. Whether saving personally for the down payment on a house or saving at work for the acquisition of a warehouse, the investor determines the timing of the annuity payments.
Sinking funds due require a small modification to the headers in the sinking fund due schedule, as illustrated in the table. Recall that the payment occurs at the beginning of the payment interval.
	
Payment Number
	Payment Amount at BGN ($) (PMT)
	Interest Earned  or Accrued ($) (INT)
	Principal Balance Accumulated  at End of Payment Interval ($) (BAL)

	0–Start
	N/A
	N/A
	(3)

	1
	(4)
	(5)
	(6)

	…
	
	
	

	Last payment 
	
	
	

	Total
	(9)
	(9)
	N/A


1. Ensure that any unknown variables like PMT are calculated by an annuity due formula.
2. The first payment occurs at the beginning of the first time period. Hence, this first payment receives interest, unlike the first payment in an ordinary annuity, which receives no interest during the first time period because it is paid at the end.
In accordance with the practice for previous schedules, do not distinguish between earned and accrued interest for general sinking funds due. Both amounts are represented in the third column of the table.	If you need a partial sinking fund due schedule, its structure is the same as the table for ordinary sinking funds, although the headers change to match the table above.

[image: Teacher silhouette black and white with desk and blackboard by palomaironique]The Formula

Calculating the interest portion in a sinking fund due schedule requires a slight modification to Formula 13.1 for the interest portion of a single payment. In an annuity due, the payment is deposited at the beginning of the payment interval and therefore accrues interest during the current payment interval. This means that you must add the annuity payment to the previous balance before calculating interest.  
CY is Compound Frequency: The number of compounding periods per year.
PMT is Sinking Fund Due Annuity Payment Amount: This is the annuity due payment amount regularly deposited into the sinking fund due account.
INTSFDUE is Interest Portion: The interest portion of any sinking fund annuity payment. Recall that the formula accommodates both simple and general annuities.





 Formula 14.7 - Interest Portion of a Sinking Fund Single Payment Due:  
PY is Payment Frequency: The number of payment intervals per year.
i is Periodic Interest Rate: This is the periodic rate of interest used in converting the interest to principal. It results from Formula 9.1.
BAL is Previous Balance Owing: This is the principal balance prior to the deposit of the current annuity due payment.








[image: cartoon cogs by tonyhewison]How It Works

The steps for creating either a complete or partial sinking fund due schedule remain much the same as for an ordinary sinking fund schedule. You require the following adaptations:
· Step 2: Use the sinking fund due table instead of ordinary sinking fund table.
· Step 5: Use Formula 14.7 instead of Formula 13.1.

[image: file important by Anonymous]Important Notes

Your BAII Plus Calculator. Probably the most significant change occurs here. The AMORT function is designed only for ordinary amortization, but you can easily adapt it to sinking funds due. These changes are similar to the adaptations required for amortization schedules due.
· P1 and P2: In a sinking fund due, since the first payment occurs today (time period 0), the second payment is at time period 1, and so on. So the payment number of a sinking fund due is always one higher than the payment number of an ordinary sinking fund; always add 1 to the payment number being calculated. For example, if interested only in payment seven, set both P1 and P2 to 8. Or if interested in the payment range 14 through 24, set P1 = 15 and P2 = 25.
· BAL: To generate the output, the payment numbers are one too high. This results in the balance being increased by one extra payment. To adapt, manually decrease the balance by removing one payment (or with BAL on your display, use the shortcut key sequence of − RCL PMT =).
· [bookmark: MyEditingPlace]INT and PRN: Both of these numbers are correct. Recall that PRN reflects the sinking fund payment (PMT) and interest amount (INT) together.

	Example 14.3C: Saving for a Vehicle Down Payment

	In an effort to be more environmentally friendly, Bernard is considering leasing a Chevrolet Volt. The lease terms require a down payment of $2,000. To save up, Bernard starts making quarterly contributions today for the next year into a fund earning 5.3% semi-annually. Create a sinking fund due schedule and calculate his total payments and interest.

	Plan
	You are to construct a complete sinking fund due schedule for car savings along with the total interest (INT) and total principal contributions, or the total payments (PMT) made to the fund.

	Understand
	What You Already Know
Step 1: The timeline for the car down payment savings plan appears below.
FVDUE = $2,000, 
IY = 5.3%, CY = 2, 
PY = 4, Years = 1, 
PV = $0
	How You Will Get There
Step 1 (continued): Solve for the sinking fund due annuity payment (PMT) using Formulas 9.1, 11.1, and 11.3 (rearranging for PMT).
Step 2: Set up the sinking fund due schedule.
Steps 3 and 4: Fill in the original principal with zero (since this is the opening balance) and the payment column with the PMT from step 1.
Steps 5 to 7: Use Formula 14.7 to calculate interest and add the row to get the new balance for each line.
Step 8: Check for the "missing penny."
Step 9: Total up the interest portion as well as the total payments for the principal contribution.
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	Perform
	Step 1 (continued): i = 5.3%/2 = 2.65%; N = 4 × 1 = 4 payments

Steps 2 to 7 (with some calculations) are detailed in the table below:
	Payment Number
	Payment Amount at BGN ($) (PMT)
	Interest Earned or Accrued ($) (INT)
	Principal Balance Accumulated at End of Payment Interval ($) (BAL)

	0–Start
	
	
	$0.00

	1
	$483.87
	(1) $6.37
	(2) $490.24

	2
	$483.87
	(3) $12.82
	(4) $986.93

	3
	$483.87
	$19.36
	$1,490.16

	4
	$483.87
	$25.98
	$2,000.02

	Total
	
	
	


(1) 
(2) New Balance = $0.00 + $483.87 + $6.369356 = $490.239356
(3) 
(4) New Balance = $490.239356 + $483.87 + $12.822555 = $986.931911
Steps 8 to 9: Adjust for the "missing pennies" (noted in red) and total the payments and interest.
	Payment Number
	Payment Amount at BGN ($) (PMT)
	Interest Earned or Accrued ($) (INT)
	Principal Balance Accumulated at End of Payment Interval ($) (BAL)

	0–Start
	
	
	$0.00

	1
	$483.87
	(1) $6.37
	(2) $490.24

	2
	$483.87
	(3) $12.82
	(4) $986.93

	3
	$483.87
	$19.36
	$1,490.16

	4
	$483.87
	$25.99
	$2,000.02

	Total
	$1,935.48
	$64.54
	




	
	Calculator Instructions
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	Present
	The complete sinking fund due schedule is shown in the table above. The total interest earned by Bernard is $64.54 in addition to the $1,935.48 of principal contributions made. Note that the fund has an extra $0.02 in it because of rounding.





[image: Paper and Pencil 2 by isaiah658]Section 14.3 Exercises


Mechanics
Create complete sinking fund schedules for each of the following sinking funds.
	
	Future Value 
	Payment Timing
	Payment Frequency
	Nominal Interest Rate
	Term (Years)

	1.
	$50,000
	End
	Annually
	8.2% annually
	5

	2.
	$75,000
	Beginning
	Semi-annually
	4.25% semi-annually
	4

	3.
	$10,000
	End
	Quarterly
	6.2% annually
	2

	4.
	$30,000
	Beginning
	Monthly
	3.8% quarterly
	7 months


Create partial sinking fund schedules for the indicated payments for each of the following sinking funds.
	
	Future Value
	Payment Timing
	Payment Frequency 
	Nominal Interest Rate
	Term (Years)
	Payment #

	5.
	$5,000,000
	End
	Semi-annually
	7% semi-annually
	6
	7 to 10

	6.
	$250,000
	Beginning
	Annually
	10% annually
	10
	4 to 7

	7.
	$800,000
	End
	Monthly
	5% quarterly
	8
	Fifth year

	8.
	$2,000,000
	Beginning
	Quarterly
	6% monthly
	5
	Third year



Applications
For questions 9–12, create a complete sinking fund (due) schedule. Calculate the total payments and the total interest earned.
9. A $500,000 face value bond with semi-annual interest payments is issued with four years until maturity. The bond comes with a sinking fund provision that requires a sinking fund deposit timed to match the interest payments. The sinking fund will earn 4% compounded semi-annually.
10. A $125,000 face value bond is issued with two years until maturity. The ordinary sinking fund provision requires quarterly deposits and can earn an interest rate of 7.4% compounded semi-annually.
11. Jamie and Athena want to take their children to Disney World one year from today. The estimated cost of their stay is $8,600, for which they will save up the funds in advance. Their savings plan can earn 5% compounded quarterly and they will make their first quarterly deposit today.
12. Because of rising demand, a manufacturer predicts that in three years’ time it will need to acquire land on which to build a new production plant. It estimates the value of the land at $5 million. The company makes its first semi-annual deposit today into a sinking fund earning 7.35% compounded monthly.
For questions 13–15, create a partial sinking fund schedule. For the specified time frame, calculate the total payments and the total interest earned.
13. A $10 million face value bond is issued with 20 years until maturity. The sinking fund provision requires semi-annual deposits, and the fund can earn an interest rate of 8.5% compounded semi-annually. The company would like detailed information on the sixth through eighth years.
14. A sinking fund is set up for a newly issued $750,000 face value bond with 25 years until maturity. Quarterly deposits will be made into a fund earning 10% compounded annually. Interest and principal information is needed for the third year.
15. Revisit the opening situation discussed in this section. Recall that you had your eye on a home with a list price of $325,000 that requires a 5% down payment. At the end of every month for the past four years, you have been contributing an amount rounded up to the nearest dollar into a five-year savings plan earning 5% compounded monthly. You have found a new home for $250,000 and wonder if you have enough to meet the 5% down payment requirement.
a. Create a schedule for the 45th through 51st payments into your savings plan.
b. Can you buy the $250,000 home today? Justify your answer.



Challenge, Critical Thinking, & Other Applications
16. Gillette (a division of Procter and Gamble) projects it will need $500 million today to fund the research and development for a new product line. This money will be charged interest at 6.5% compounded annually. Financing is arranged such that the first end-of-month payment to the sinking fund will start three years and one month from today with the aim of repaying the debt in total after seven years from today. The fund can earn 7.8% compounded monthly. For the fund itself, create a sinking fund schedule for the first six months of its third year.
17. Yogi is saving up for a $10,000 down payment on his new car, which he plans to purchase one year from now. He will make deposits at the end of every three months into a fund earning 4% compounded quarterly. He already has saved $3,000 today. Create a complete sinking fund schedule and calculate the total payments and interest earned.
18. In total, $10 million in bonds carrying a coupon rate of 5% semi-annually with 10 years until maturity was issued seven years ago. The denomination of each bond is $10,000. A sinking fund provision has required semi-annual deposits into a fund earning 6.6% compounded semi-annually. Today, the market rate on bonds has risen to 7% compounded semi-annually. The company decides to use the money in its sinking fund to purchase its bonds on the open market.
a. If it uses the maximum funds available, how many bonds can it purchase today?
b. Assuming it purchased the bonds, revise and create a complete sinking fund schedule for the last three years.
19. Every year, a National Car Rental retail outlet needs to purchase its rental fleet of vehicles to reflect current year models. The estimated purchase price of its fleet is $500,000. However, it does not need to save up this entire amount since it sells the previous fleet to automotive dealerships for 45% of the purchase price. Create a complete annual sinking fund schedule for the retail outlet, assuming its sinking fund earns 3.6% compounded monthly and it makes end-of-month deposits. Determine the total payments made along with the total interest earned.
20. A $100 million face value bond is issued with 30 years until maturity. The sinking fund provision requires semi-annual payments into a fund earning 8% compounded semi-annually.
a. Calculate the total interest earned and total payments.
b. For the 10th through 15th year inclusive, calculate the total interest earned.



14.4: Debt Retirement and Amortization
(Balancing the Books)
	
Issuing, buying, and selling bonds results in financial obligations and accounting responsibilities. For instance, your firm is about to issue marketable bonds to finance a major venture in the near future. These bonds require a sinking fund provision to ensure investor confidence. However, the company first needs to foresee its financial obligations if it issues the bonds. How much interest will the company need to pay out to its bondholders annually? What annual sum will it deposit into the sinking fund to satisfy the provision? How does the liability side of the company’s balance sheet reflect the fund’s provisions? All these questions need to be answered so that you can make an informed decision.
	Meanwhile, the finance department reports that your company invested in marketable bonds purchased at a discount. This means your company will benefit from the future bond interest payments and also realize the bond's redemption price upon maturity. Your firm's accounting records must show capital gains being realized over the years, in the form of the difference between the face value and the discounted amount at which the bonds were purchased.
	As you can see, the decision to issue or invest in a bond has many financial and tax implications that a company or an individual investor must address. This section explores the financial obligations associated with retiring bond debt and accurate recording of the debt. Also examined is the accounting for premiums and discounts, both of which have tax implications for bondholders and issuers.

Debt Retirement
	
When an organization issues a bond, the three primary financial implications involve the bond's interest payments, the sinking fund payments, and the balance sheet liability tied to the bond.
1. Annual Bond Interest Payments. As discussed earlier in this chapter, most bonds compound semi-annually with semi-annual interest payments, thus CY = PY. Because companies manage their books by their fiscal year, they are more interested in the annual total payment commitment than in the amount of each payment, PMTBOND. Therefore, the annual total payment commitment is represented by
Annual Bond Interest Payment = PMTBOND × PY
Substituting Formula 14.2 in place of PMTBOND:

Since CY = PY, simplifying the above formula produces the most direct method of arriving at the annual payment amount:

2. Annual Bond Sinking Fund Payments. Sinking fund payments are most commonly set up to match the timing of the bond's interest payments. Hence, these payments are semi-annual. Again, the focus is on the annual sinking fund obligation, which you calculate by multiplying the sinking fund payment by the payment frequency, or PMT × PY. The total of the annual bond interest payments and the annual sinking fund payments is referred to as the annual cost of the bond debt or the periodic cost of the bond debt.
3. Balance Sheet Liability. The bond represents a debt for the issuing organization. Through the sinking fund, the company saves up money to extinguish that debt. The amount of debt that is outstanding is the difference between the money owing and the money saved at any given point in time. Thus, the book value of the bond debt represents the difference between the principal amount owing on the bond and the accumulated balance in the sinking fund at any point in time. For example, if the company issued $10 million in bonds and has accumulated $1 million in its sinking fund, the book value of the debt is $9 million. This would be the balance owing if the company used the sinking fund to retire a portion of the bond debt at face value.

[image: Teacher silhouette black and white with desk and blackboard by palomaironique]The Formula

To calculate the annual cost of the bond debt, you combine both the annual bond interest payments and annual bond sinking fund payments into a single formula.

ACD is Annual Cost of the Bond Debt: The total annual financial obligation associated with a bond issuance.


 Formula 14.8 - The Annual Cost of the Bond Debt:   
ACD = (Face Value × CPN) + (PMT × PY)(PMT × PY) is Annual Bond Sinking Fund Payments: The total annual sinking fund contributions, which reflect the sinking fund annuity payment amount (PMT) multiplied by the sinking fund payment frequency (PY). You calculate the PMT through Formula 11.4.
(Face Value × CPN) is Annual Bond Interest Payments: The total annual interest paid to bondholders, which reflects the face value of the bond outstanding (Face Value) and the nominal coupon rate of interest paid (CPN).







	Formula 14.9 lets you calculate the book value of the bond debt.
BVD is Book Value of the Bond Debt: For any particular point in time, this is the net balance on the bond; it reflects the principal owing less the amount of money saved.


 Formula 14.9 - The Book Value of the Bond Debt:   
 BVD = Bonds Outstanding − BALBAL is Sinking Fund Balance: For any given point in time, this is the balance that has accumulated in the sinking fund. Calculate this future value amount through Formula 11.2.
Bonds Outstanding is Debt Principal: The principal amount of the debt. Recall that you assume the redemption price equals the face value of the bond. You also assume that no bonds are retired (bought back from investors) prior to maturity. Hence, this amount is the face value of the bond.







[image: cartoon cogs by tonyhewison]How It Works

Follow these steps to calculate the annual cost of the bond debt: 
Step 1: Identify the face value of the bond and the coupon rate.
Step 2: If the sinking fund payment (PMT) and payment frequency (PY) are known, skip to step 4. Otherwise, draw a timeline for the sinking fund and identify known variables.
Step 3: Calculate the sinking fund payment using Formula 11.4.
Step 4: Calculate the annual cost of the bond debt using Formula 14.8.
Follow these steps to calculate the book value of the bond debt:
Step 1: Identify the face value of the bond.
Step 2: If the balance in the sinking fund (BAL) is known, skip to step 5. Otherwise, draw a timeline for the sinking fund and identify known variables.
Step 3: Calculate the sinking fund payment using Formula 11.4.
Step 4: Calculate the future value of the sinking fund at the point of interest using Formula 11.2. This is the sinking fund balance, or BAL.
Step 5: Calculate the book value of the bond debt using Formula 14.9.

[image: Lost in thought by hefedute]  Give It Some Thought

Suppose a company decides not to wait until maturity and retires some of its bond debt early on an interest payment date. What happens to the BVD if the debt is retired when:
a. the market rate equals the coupon rate?
b. the market rate is higher than the coupon rate?
c. the market rate is lower than the coupon rate?
(Hint: Think about what happens to the market price of the bond.)
Solutions:
a. The BVD is unchanged. If the two rates are the same, then the bonds sell at par value. Money is transferred dollar for dollar from the sinking fund to directly reduce the bond debt.
b. The BVD decreases. If the market rate is higher, the bonds sell at a discount. The company acquires more bonds at the lower bond price, reducing the number of outstanding bonds.
c. The BVD increases. If the market rate is lower, the bonds sell at a premium. The company acquires fewer bonds at the higher bond price, leaving a larger number of outstanding bonds than by redeeming at par. 










	Example 14.4A: The Annual Cost of the Bond Debt

	The Bank of Montreal issued a $10,000,000 face value bond carrying a 5.1% coupon with 30 years until maturity. The bond has a matching sinking fund provision for which monies are invested at 4.5%. Calculate the annual cost of the bond debt. Assume all compounding and payments are semi-annual.

	Plan
	You need to calculate the annual cost of the bond debt (ACD).

	Understand
	What You Already Know
Step 1: Face Value = $10,000,000, CPN = 5.1%
Step 2: The timeline for the sinking fund appears below.
FVORD = $10,000,000, IY = 4.5%, CY = 2, PY = 2, Years = 30, PV = $0
	How You Will Get There
Step 3: Solve for the ordinary sinking fund annuity payment (PMT) using Formulas 9.1, 11.1, and 11.2 (rearranging for PMT).
Step 4: Calculate the annual cost of the bond debt using Formula 14.8.

	
	[image: ]

	Perform
	Step 3: i = 4.5%/2 = 2.25%; N = 2 × 30 = 60 payments


Step 4: ACD = ($10,000,000 × 0.051) + ($80,353.27 × 2) 
                      = $510,000 + $160,706.54 = $670,706.54
	Calculator Instructions
[image: ]

	Present
	Each year, the Bank of Montreal pays $510,000 in interest to its bondholders. Additionally, it deposits $160,706.54 to its sinking fund. Thus, the annual cost of the bond debt is $670,706.54 every year for the next 30 years.

	Example 14.4B: The Book Value of the Bond Debt

	Using Example 14.4A, calculate the book value of the bond debt after 10 years.

	Plan
	You must calculate the book value of the bond debt (BVD) after 10 years.

	Understand
	What You Already Know
Step 1: Face Value = $10,000,000
Steps 2 and 3: The sinking fund balance is unknown. From the previous example, the sinking fund payment is PMT = $80,353.27. The timeline for calculating the sinking fund after 10 years appears below.
FVORD = $10,000,000, IY = 4.5%, CY = 2, Years = 10, 
PMT = $80,353.27, PY = 2, PV = $0
	How You Will Get There
Step 4: Solve for future value of the ordinary sinking fund, or FVORD, after 10 years using Formulas 9.1, 11.1, and 11.2.
Step 5: Calculate the book value of the bond debt using Formula 14.9.
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	Perform
	Step 4: i = 4.5%/2 = 2.25%; N = 2 × 10 = 20 payments made over 10 years

Step 5: BVD = $10,000,000 − $2,001,722.10 = $7,998,277.90
	Calculator Instructions
[image: ]

	Present
	After 10 years, the Bank of Montreal will accumulate $2,001,722.10 in its sinking fund. With a $10,000,000 debt, the book value of the bond debt remaining equals $7,998,277.90.



Amortization of Bond Premiums and Accrual of Bond Discounts
	
When a bond sells for a price different from its face value, the bond premium or bond discount has accounting implications. Take a look at each scenario.

[image: ]Bond Premium. In these situations, the investor pays more for the bond, say $1,050 for a $1,000 bond. If the investor holds onto the bond until maturity, only the redemption price of $1,000 is returned. The bond premium of $50 represents a capital loss for the investor. A capital loss is the amount by which the current value of an asset falls short of the original purchase price. Commonly accepted practices allow the investor to amortize the $50 capital loss over the period of time that the bond is held and not just in the period during which the capital loss actually occurs (at maturity). The figure illustrates the amortization of a capital loss assuming three years remain until maturity on a $1,000 bond carrying a 5% coupon purchased when the market rate was 3.23775%. Note that the total capital loss of $50 is spread throughout the entire three-year time frame.

Bond Discount. In these situations, the investor pays less for the bond, say $950 for a $1,000 bond. If the investor holds onto the bond until maturity, the investor receives the full redemption price of $1,000. The bond discount of $50 represents a capital gain for the investor. A capital gain is the amount by which the current value of an asset exceeds the original purchase price. Commonly accepted practice allows the investor to accrue the $50 capital gain over the period of time that the bond is [image: ]held and not just in the period during which the capital gain actually occurs (at maturity). For example, assuming three years remain until maturity on a $1,000 bond carrying a 5% coupon purchased when the market rate was 6.8729%,the figure illustrates the accrual of a capital gain of $50. Note that the total gain is spread throughout the three-year time frame. 

In either situation, the gain or loss has tax implications for the investor. These amounts appear on tax forms and either raise the amount of taxes paid by the investor (for gains) or lower the amount of taxes (for losses). As well, for companies these amounts appear on financial statements.
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To allow the investor to understand these capital gains or losses, you must develop either an amortization table for premiums or an accrual table for discounts. The table here illustrates the standard format of either table. You should note the following in the table:
	Payment Interval Number (at end)
	Bond Interest Payment Amount (PMTBOND)
	Interest at Yield Rate (PMT)
	Amortized Premium or Discount Accrued
	Bond Value (Cash Price)

	0
	N/A
	N/A
	N/A
	Purchase Price

	1
	Formula 14.2
	Formula 10.1
	Premium: PMTBOND  PMT
Discount: PMT  PMTBOND
	Premium: Previous Value  Premium
Discount: Previous Value + Discount

	…
	
	
	
	

	Last Payment
	
	
	
	

	Total
	Total Interest Received
	Net Income Realized
	Premium: Capital Loss
Discount: Capital Gain
	N/A


· A suitable header of discount or premium is used for the fourth column
· In the last two columns, the method of calculation depends on whether the table is for a premium or discount.

[image: cartoon cogs by tonyhewison]How It Works

Follow these steps to develop a premium amortization table or discount accrual table: 
Step 1: Draw a timeline for the bond. Identify all of the time value of money variables for the bond (N, IY, FV, PMTBOND, PY, CY). Use Formulas 14.2 and 14.3 as needed to solve for any unknowns.
Step 2: Set up a table, using the appropriate headers depending on the bond discount or premium. The number of payment intervals is the N identified in step 1.
Step 3: Fill in the purchase price of the bond under the “Bond Value” column for payment 0.
Step 4: Fill in the bond annuity payment, or PMTBOND, for every payment in the “Bond Interest Payment Amount” column.
Step 5: Based on the market yield at which the bond was purchased, calculate the interest portion of the current bond payment based on the prior “Bond Value” using Formula 10.1. Round the number to two decimals for the table but retain all decimals for future calculations.
Step 6: Calculate the amortized premium or discount accrued using one the two techniques shown below. Either way, round the result to two decimals for the table but retain all decimals for future calculations.
· For a bond premium, calculate the amortized premium of the current bond payment by taking the second column and subtracting the third column, or PMTBOND  PMT.
· For a bond discount, calculate the discount accrued by taking the third column and subtracting the second column, or PMT  PMTBOND.
Step 7: Calculate the new bond value for the current payment using one of the two techniques shown below. Either way, round the result to two decimals for the table but retain all decimals for future calculations.
· For a bond premium, calculate the new bond value by taking the previous unrounded “Bond Value” on the line above and subtracting the unrounded amortized amount from step 6.
· For a bond discount, add the two numbers to calculate the new bond value.
Step 8: Repeat steps 5 through 7 for each payment interval until you reach bond maturity.
Step 9: Since all numbers are rounded to two decimals throughout the table, check the table for the "missing penny” using the same method as for amortization tables.
· The previous bond values plus or minus the amortized or discount amount must equal the new bond value.
· The amortized or discount amount plus the interest portion must equal the bond payment amount.
Note that on the final line of the table the balance should equal the face value. If necessary, adjust the penny to exactly match the face value.
Step 10: Sum the bond interest payments received. This is the total interest payments received by the investor.
Step 11: Sum the bond interest earned at the yield rate.
Step 12: Sum the amortized premium or discount accrued to arrive at the total capital loss or capital gain, respectively. You calculate a nominal net income by taking the total bond interest and either subtracting the total capital loss or adding the total capital gain.

[image: file important by Anonymous]Important Notes

This section introduces how to spread the capital gain or capital loss on a bond across different time periods. Therefore, it sticks to premium amortization tables and discount accrual tables where the bond is purchased on its interest payment date. If the bond is purchased on some other date, this adds complications that are better left for more in-depth texts.

	Example 14.4C: Bond Premium Amortization

	When posted market rates were 4%, Baseline Industries acquired a $10,000 bond carrying a 6% coupon rate with three years remaining until maturity. Develop a complete bond premium amortization table. Assume that all payments and interest are semi-annual.

	Plan
	You need to construct a complete bond premium amortization table.

	Understand
	What You Already Know
Step 1: The timeline of the bond purchase appears below.
Coupon Interest Payment: CPN = 6%, CY = 2, 
Face Value = $10,000
Bond: FV = $10,000, 
IY = 4%, CY = 2, 
PMTBOND = Formula 14.2, 
PY = 2, Years Remaining = 3
	How You Will Get There
Step 1 (continued): Apply Formula 14.2 to determine the periodic bond interest payment. Then apply Formulas 9.1, 11.1, and 14.3 to determine the price of the bond on its interest payment date.
Step 2: Set up the bond premium amortization table.
Steps 3 and 4: Fill in the purchase price and the bond payment amount column.
Steps 5 to 8: Use Formula 10.1 and for each line calculate the last two columns.
Step 9: Check for the "missing penny."
Steps 10 to 12: Total up the bond payments, interest payments, and amortized amounts.
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	Perform
	Step 1: i = 4%/2 = 2%; N = 2 × 3 = 6 payments

Steps 2 to 8 (with some calculations) are detailed in the table below:
	Payment Interval Number (at end)
	Bond Interest Payment Amount (PMTBOND)
	Interest at Yield Rate (PMT)
	Amortized Premium 
	Bond Value (Cash Price)

	0
	
	
	
	$10,560.14

	1
	$300
	(1) $211.20
	(2) $88.80
	(3) $10,471.34

	2
	$300
	$209.43
	$90.57
	$10,380.77

	3
	$300
	$207.61
	$92.38
	$10,288.39

	4
	$300
	$205.77
	$94.23
	$10,194.15

	5
	$300
	$203.88
	$96.12
	$10,098.04

	6
	$300
	$201.96
	$98.04
	$10,000.00

	Total
	
	
	
	


(1) $10,560.14 × 0.02 = $211.2028                      (2) $300  $211.2028 = $88.7972                            (3) $10,560.14  $88.7972 = $10,471.3428
Steps 9 to 12: Adjust for the "missing pennies" (noted in red) and total the bond payment amount, interest at yield rate, and amortized premiums.
	Payment Interval Number (at end)
	Bond Interest Payment Amount (PMTBOND)
	Interest at Yield Rate (PMT)
	Amortized Premium 
	Bond Value (Cash Price)

	0
	
	
	
	$10,560.14

	1
	$300
	$211.20
	$88.80
	$10,471.34

	2
	$300
	$209.43
	$90.57
	$10,380.77

	3
	$300
	$207.62
	$92.38
	$10,288.39

	4
	$300
	$205.76
	$94.24
	$10,194.15

	5
	$300
	$203.89
	$96.11
	$10,098.04

	6
	$300
	$201.96
	$98.04
	$10,000.00

	Total
	$1,800
	$1,239.86
	$560.14
	




	
	Calculator Instructions   [image: ]

	Present
	By purchasing the bond at a premium price of $10,560.14 and holding it until maturity, when it has a redemption price of $10,000, Baseline Industries takes a $560.14 capital loss. It receives $1,800 in bond payments, loses $560.14, and realizes nominal net income of $1,239.86.




	Example 14.4D: Bond Discount Accrual

	Recalculate Example 14.4C by changing the market rate to 8%. Construct a bond discount accrual table.

	Plan
	You need to construct a complete bond discount accrual table.

	Understand
	What You Already Know
Step 1: The timeline for the bond purchase appears below.
Coupon Interest Payment: CPN = 6%, CY = 2, 
Face Value = $10,000
Bond: FV = $10,000, 
IY = 8%, CY = 2, 
PMTBOND = Formula 14.2, 
PY = 2, Years Remaining = 3
	How You Will Get There
Step 1 (continued): Apply Formula 14.2 to determine the periodic bond interest payment. Then apply Formulas 9.1, 11.1, and 14.3 to determine the price of the bond on its interest payment date.
Step 2: Set up the bond discount accrual table.
Steps 3 and 4: Fill in the purchase price and the bond payment amount column.
Steps 5 to 8: Use Formula 10.1 and for each line calculate the last two columns.
Step 9: Check for the "missing penny."
Steps 10 to 12: Total up the bond payments, interest payments, and accrued amounts.
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	Perform
	Step 1: i = 8%/2 = 4%; N = 2 × 3 = 6 payments

Steps 2 to 8 (with some calculations) are detailed in the table below:
	Payment Interval Number (at end)
	Bond Interest Payment Amount (PMTBOND)
	Interest at Yield Rate (PMT)
	Discount Accrued 
	Bond Value (Cash Price)

	0
	
	
	
	$9,475.79

	1
	$300
	(1) $379.03
	(2) $79.03
	(3) $9,554.82

	2
	$300
	$382.19
	$82.19
	$9,637.01

	3
	$300
	$385.48
	$85.48
	$9,722.50

	4
	$300
	$388.90
	$88.90
	$9,811.39

	5
	$300
	$392.46
	$92.46
	$9,903.85

	6
	$300
	$396.15
	$96.15
	$10,000.00

	Total
	
	
	
	


(1) $9,475.79 × 0.04 = $379.0316                        (2) $379.0316 − $300 = $79.0316                        (3) $9,475.79 + $79.0316 = $9,554.8216
Steps 9 to 12: Adjust for the "missing pennies" (noted in red) and total the bond payment amount, interest at yield rate, and discounts accrued.
	Payment Interval Number (at end)
	Bond Interest Payment Amount (PMTBOND)
	Interest at Yield Rate (PMT)
	Discount Accrued 
	Bond Value (Cash Price)

	0
	
	
	
	$9,475.79

	1
	$300
	 $379.03
	 $79.03
	 $9,554.82

	2
	$300
	$382.19
	$82.19
	$9,637.01

	3
	$300
	$385.49
	$85.49
	$9,722.50

	4
	$300
	$388.89
	$88.89
	$9,811.39

	5
	$300
	$392.46
	$92.46
	$9,903.85

	6
	$300
	$396.15
	$96.15
	$10,000.00

	Total
	$1,800
	$2,324.21
	$524.21
	




	
	Calculator Instructions  [image: ]

	Present
	By purchasing the bond at a discounted price of $9,475.79 and holding it until maturity, when it has a redemption price of $10,000, Baseline Industries earns a $524.21 capital gain. It receives $1,800 in bond payments, gains $524.21, and realizes nominal net income of $2,324.21.



[image: Paper and Pencil 2 by isaiah658]Section 14.4 Exercises

For all questions, assume that all interest rates or yields and payment frequencies are compounded semi-annually and that the redemption price equals the face value.

Mechanics
For questions 1–4, assume the bond has a sinking fund requirement. Calculate the following for each question:
a. The annual cost of the bond debt
b. The book value of the bond debt after the payment number specified in the last column
	
	Bond Face Value
	Coupon Rate
	Years to Maturity
	Sinking Fund Rate
	Find Book Value after Payment #

	1.
	$500,000
	8%
	5
	5.5%
	6

	2.
	$2,500,000
	4.4%
	25
	5%
	20

	3.
	$1,000,000
	6.5%
	15
	7.25%
	25

	4.
	$750,000
	5.25%
	10
	4%
	9


For questions 5–6, create a complete bond premium amortization table.
	
	Bond Face Value
	Coupon Rate
	Years to Maturity
	Market Interest Rate at Time of Purchase

	5.
	$50,000
	8%
	2
	5%

	6.
	$100,000
	7%
	4
	4.5%


For questions 7–8, create a complete bond discount accrual table.
	
	Bond Face Value
	Coupon Rate
	Years to Maturity
	Market Interest Rate at Time of Purchase

	7.
	$20,000
	5%
	3
	6.75%

	8.
	$250,000
	6.6%
	3.5
	7.8%



Applications
9. The City of Toronto has an outstanding $5 million face value bond carrying a 7% coupon. It makes payments of $436,150 to its sinking fund every six months. Calculate the annual cost of the bond debt.
10. The Province of Nova Scotia issued a $50 million face value bond on June 1, 2007, carrying a coupon rate of 6.6% with 20 years until maturity. A sinking fund earning 4.3% compounded semi-annually with payments at the end of every six months was established. Calculate the book value of the bond debt on December 1, 2012.
11. Newfoundland and Labrador Hydro issued a $100 million face value bond on February 27, 1996, carrying an 8.4% coupon with 30 years until maturity. A matching sinking fund earning 5.1% compounded semi-annually was set up to retire the debt in full upon maturity. 
a. Calculate the annual cost of the bond debt.
b. Calculate the book value of the bond debt on August 27, 2011.
12. The Province of Ontario issued a $175 million face value bond on March 1, 1995, carrying a 9.5% coupon with 50 years until maturity. The matching sinking fund, with the payment rounded up to the next $100, is expected to earn 6.3% compounded semi-annually and will retire the debt in full upon maturity. 
a. Calculate the annual cost of the bond debt.
b. Calculate the book value of the debt on September 1, 2015.
13. Three years before maturity, a $55,000 face value bond carrying a 5.5% coupon is acquired when posted market rates are 4.77% compounded semi-annually. Create a complete bond premium amortization table. How much total interest is received? What is the amortized bond premium total, and what nominal net income was realized?
14. Jaycee works in the finance department. His company just acquired 12 $5,000 face value bonds carrying a 6.1% coupon with four years remaining until maturity. Current market yields are 7.65% compounded semi-annually. Construct a complete bond discount accrual table. How much interest does the company receive on its investment? What is the accrued bond discount total, and what nominal net income was realized?
15. When the current bond market is yielding 5.89% compounded semi-annually, Jennifer purchases six $10,000 face value bonds carrying a 4.2% coupon with three years until maturity for her RRSP. Construct a complete table for the premium or discount. What total capital gain or capital loss will she record for the second year?
16. On March 20, 2011, Hussein decides to invest in a $15,000 face value Ville de Gatineau bond carrying a 4.1% coupon when current market yields are 3.76%. The bond matures on March 20, 2014. Construct a complete table for the premium or discount. What total capital gain or capital loss will be recorded in 2013?

Challenge, Critical Thinking, & Other Applications
17. For a large project, New Flyer Industries considers issuing a $15 million face value bond with a 10-year maturity date. When issued, the finance manager estimates it will have a coupon rate of 6.2%. The matching sinking fund provision will require the full repayment of the amount upon maturity and is estimated to earn 5.45% compounded semi-annually. In examining future cash flows, the manager estimates that the company will be able to afford no more than $2 million per year toward the financing of this project. Based on financial calculations, should the company proceed with the project as planned? Provide appropriate calculations to support your answer.
18. In Canada, 50% of an individual's capital gains are taxed at the person's current tax rate. Sylvester has a tax rate of 24%. He considers purchasing a $100,000 face value bond carrying a 7.15% coupon with five years remaining until maturity. Current market yields are posted at 8.55% compounded semi-annually. He will purchase the bond only if, in any given year, the capital gains tax amount remains under $150. Should he purchase the bond? Provide the necessary calculations to support your answer.

19. The annual cost of bond debt depends on many factors, including the time to maturity and the interest rate achieved by the sinking fund. Assume a $10 million face value bond carrying a coupon rate of 7% with 10 years until maturity.
a. Calculate the annual cost of the bond debt if the matching sinking fund can earn semi-annually compounded rates of 4% and 7%. What percentage more is the annual cost of the debt at 4% than 7%?
b. Leaving the sinking fund rate at 5%, calculate the annual cost of the bond debt if the time to maturity is either 8 years or 12 years. What percentage more is the annual cost of the debt at 8 years than 12 years?
20. The current market rate is 5% compounded semi-annually. Two bonds with four years until maturity are acquired. The first bond has a $50,000 face value and carries a coupon rate of 6.4%. The second bond has a $30,000 face value and carries a coupon rate of 4.6%.
a. Construct the appropriate premium or discount table for each bond.
b. For each year, determine the net capital gain or net capital loss recorded for both bonds combined.


Chapter 14 Summary

Key Concepts Summary

Section 14.1: Determining the Value of a Bond (What Does It Sell for?) 
· Bond definition, characteristics, and key terminology 
· Calculating a marketable bond price when the selling date is the interest payment date 
· Calculating premiums and discounts 
· Calculating a marketable bond price when the selling date is a noninterest payment date 
Section 14.2: Calculating a Bond’s Yield (Know When to Hold ’em, Know When to Fold ’em) 
· Calculating the yield on the bond to maturity 
· Calculating the yield realized by an investor if a bond is purchased and sold before maturity 
Section 14.3: Sinking Fund Schedules (You Need to Show Responsibility) 
· Sinking funds and their purposes 
· How to construct complete ordinary sinking fund schedules 
· How to construct partial ordinary sinking fund schedules 
· Adapting any ordinary sinking fund into an annuity fund due schedule 
Section 14.4: Debt Retirement and Amortization (Balancing the Books) 
· The financial implications of retiring bond debt 
· How to amortize a bond premium or accrue a bond discount 

The Language of Business Mathematics
annual cost of the bond debt  The annual total of the bond interest payments and the bond sinking fund payments.
bond  A debt that is secured by a specific corporate asset and that establishes the issuer’s responsibility toward a creditor for paying interest at regular intervals and repaying the principal at a fixed later date.
bond accrued interest  The amount of interest that the bond has earned but has not yet paid out since the previous interest payment date.
bond cash price  Also known as the purchase price or flat price, this is the amount of money an investor must directly pay out to acquire the bond. It represents the total of the market price and the accrued interest.
bond coupon rate  Also known as the bond rate or nominal rate, this is the nominal interest rate paid on the face value of the bond.
bond discount  The amount by which a bond's selling price falls short of its face value.
bond face value  Also called the par value or denomination of the bond, this is the principal amount of the debt that the investor lent to the bond-issuing corporation.
bond issue date  The date that a bond is issued and available for purchase by creditors
bond market price  Also known as the quoted price, this is the actual value of the bond excluding any accrued interest.
bond market rate  This is the prevailing nominal rate of interest in the open bond market.
bond maturity date  Also known as the redemption date or due date, this is the day upon which the redemption price will be paid to the bondholder (along with the final interest payment), thereby extinguishing the debt.
bond premium  The amount by which a bond's selling price exceeds its face value.
bond redemption price  Also called the redemption value or maturity value, this is the amount the bond issuer will pay to the bondholder upon maturity of the bond.
bond selling date  This is the date that a bond is actively traded and sold to another investor through the bond markets.
book value of the bond debt  The difference between the principal amount owing on the bond and the accumulated balance in the sinking fund at any point in time.
capital gain  The amount by which the current value of an asset exceeds the original purchase price.
capital loss  The amount by which the current value of an asset falls short of the original purchase price.
debenture  A debt that is not secured by a specific corporate asset and that establishes the issuer’s responsibility toward a creditor for paying interest at regular intervals and repaying the principal at a fixed later date.
sinking fund  A special account into which an investor, whether an individual or a business, makes annuity payments such that sufficient funds will be on hand by a specified date to meet a future savings goal or debt obligation.
sinking fund schedule  A table that shows the sinking fund contribution, interest earned, and the accumulated balance for every payment in the annuity.
yield to maturity  A bond's overall rate of return when purchased at a market price and held until maturity. It includes both the semi-annual interest that the bondholders earn on their investment along with the gain or loss resulting from the difference between the market price and the redemption price.

The Formulas You Need to Know
	
Symbols Used
ACD = Annual cost of the bond debt
AI = Accrued interest
BAL = Principal balance
BVD = Book value of the bond debt
Cash Price = Price paid for a bond including the market price and accrued interest
CPN = Nominal bond coupon rate of interest
CY = Compounding per year or compounding frequency
Date Price = Price of the bond on the interest payment date preceding the sale date
Discount = Bond discount amount
Face Value = Bond face value
i = Periodic interest rate
INTSFDUE = Interest portion of any single annuity due sinking fund payment
N = Number of annuity payments
PMT = Annuity payment amount
PMTBOND = The bond's annuity payment as determined by the coupon rate
Premium = Bond premium amount
PRI = Market price
t = Time ratio (using the actual number of days)

Formulas Introduced
Formula 14.1 The Cash Price for Any Bond: Cash Price = PRI + AI (Section 14.1)
Formula 14.2 Bond Coupon Annuity Payment Amount:  (Section 14.1)
Formula 14.3 Bond Price on an Interest Payment Date:    (Section 14.1)
Formula 14.4 Bond Premium or Discount: Premium or Discount = PRI − Face Value (Section 14.1)
Formula 14.5 Bond Cash Price on a Noninterest Payment Date:  (Section 14.1)
Formula 14.6 Accrued Interest on a Noninterest Payment Date:  (Section 14.1)
Formula 14.7 Interest Portion of a Sinking Fund Single Payment Due: (Section 14.3)
Formula 14.8 The Annual Cost of the Bond Debt: ACD = (Face Value × CPN) + (PMT × PY) (Section 14.4)
Formula 14.9: The Book Value of the Bond Debt: BVD = Bonds Outstanding − BAL (Section 14.4)



Technology
	
Calculator
The DATE function was used in this chapter. See the end of Chapter 8 for a full discussion of this function.
[bookmark: _GoBack][image: ]The Bond Function
1. The BOND function is located on the second shelf above the number 9 key and accessed by pressing 2nd BOND.
2. Scroll through using the ↓ and ↑ arrows.
3. There are nine lines in the function. The first seven lines are considered the data entry lines, while the last two are the output lines.
4. Upon opening the window, you should use the 2nd CLR Work function to erase previously entered data.
The input lines are as follows:
5. SDT is the selling date. Enter it in the standard date format of MM.DDYY and press the ENTER key to store the information.
6. CPN is the nominal coupon rate. It is formatted as a percentage but without the percent sign, so you key in 5.5% as 5.5. You must press the ENTER key to store the information.
7. RDT is the redemption date or maturity date. Enter it in the standard date format and press ENTER to store the information.
8. RV is the redemption value or redemption price expressed as a percentage of the face value. Since the redemption price equals the face value, use the default setting of 100.
9. ACT/360 is a toggle that you change by pressing 2nd SET. ACT counts the actual number of days in the transaction, while 360 treats every month as having 30 days. In Canada, ACT is the standard.
10. 2/Y or 1/Y is a toggle that you change by pressing 2nd SET. 2/Y indicates a semi-annual compound for both the market rate and coupon rate, while 1/Y indicates an annual compound.
11. YLD is the nominal market rate for bonds at the time of sale. It follows the same format as the CPN. Press the ENTER key to store the information.
The output lines are as follows:
12. PRI is the market price of the bond. Press the CPT button to calculate for this solution. The output is a percentage of the redemption price (which is the same as the face value).
13. AI is the accrued interest of the bond. It is automatically calculated when you press the CPT button in the PRI line. The output is a percentage of the redemption price.

Sinking Funds Using AMORT
14. The AMORT function was used in this chapter. See the end of Chapter 13 for a full discussion of this function. Specific sinking fund comments and adaptations are listed below.
· Ordinary sinking funds: The principal grows instead of declining.
· With respect to the cash flow sign convention, the PV (if not zero) and PMT are negative, since money is being invested into the account. The FV is a positive number since it can be withdrawn in the future.
· The BAL and INT outputs are accurate and true to definition. The PRN output is also accurate, but its definition is changed to represent the total of the annuity payments made and the interest earned.
· Sinking funds due: You must adapt the payment number.
· P1 and P2: Always add one to the payment number(s) desired.
· BAL: It has one payment too many. To correct for this, decrease the balance by removing one payment (or with BAL on your display, press − RCL PMT =).
· INT and PRN: Both of these numbers are correct.

[image: Paper and Pencil 2 by isaiah658]Chapter 14 Review Exercises

For all questions, assume that all interest rates or yields and payment frequencies are compounded semi-annually and that the redemption price equals the face value.

Mechanics
1. A Province of Alberta $100,000 face value bond carrying a 5.03% coupon was issued on December 17, 1998, with 20 years until maturity. What was its purchase price on June 17, 2005, when market yields were 4.29%?
2. A Government of Canada $50,000 face value bond carrying a 5.75% coupon was issued on June 1, 2008, with 25 years until maturity. What was its market price on November 21, 2009, when market rates were 3.85%?
3. A $35,000 face value bond carrying a 7% coupon will mature on October 3, 2019. If it is purchased on April 3, 2006, for $46,522.28, what is its yield to maturity?
4. A $55,000 face value bond carrying a 4% coupon is purchased for $33,227.95 on March 29, 1997. The bond is later sold on September 29, 2007, for $60,231.63. Calculate the semi-annual investor's yield.
5. A Province of Manitoba $250,000 face value bond carrying a 2% coupon was issued on December 1, 2006, with 30 years until maturity. On January 10, 2010, when market yields were 4.19%, what were its market price, accrued interest, cash price, and premium or discount?
6. Carlyle needs to save up $20,000 to meet the down payment requirement on his new home. He wants to make semi-annual deposits at the beginning of each six months for the next four years, putting them into a fund earning 6.12% compounded semi-annually. Construct a complete sinking fund due schedule.
7. A $15 million face bond carrying an 8.5% coupon has nine years until maturity. The bond issue has a sinking fund provision requiring semi-annual payments, and the full bond value must be saved by its maturity date. If the fund can earn 7.35% compounded semi-annually, calculate the annual cost of the bond debt.
8. When market yields are 16%, a $65,000 face value bond carrying a 6.75% coupon is purchased three years before maturity. Construct a complete bond discount accrual table for the bondholder.

Applications
9. When posted market rates are 9.65%, a $75,000 face value bond carrying a 7% coupon is purchased with 23½ years to maturity. With eight years remaining until maturity the bond is then sold, when posted market rates are 3.5%. Calculate the investor's yield.
10. A $275,000 face value Province of British Columbia bond carrying a 10.6% coupon is issued on September 5, 1990, with 30 years until maturity. The bond is purchased on March 5, 2002, when posted rates are 5.98%. Calculate the purchase price of the bond. What is the amount of its premium or discount?
11. A $40,000 face value bond carrying a 7.6% coupon is purchased with four years until maturity. Posted rates are then 4.9%. Construct an appropriate complete table for the capital gain or loss. What is the total gain accrued or loss amortized in the third year?
12. A $50 million face value bond carrying a 4.83% coupon with 25 years until maturity is issued. The bond has a sinking fund requirement with semi-annual payments designed to retire the full face value upon maturity. If the sinking fund is expected to earn 3.89% compounded semi-annually, calculate the annual cost of the bond debt. What is the book value of the debt after 10 years?
13. A $62,000 face value bond carrying an 8.88% coupon is purchased on July 15, 2011. The bond matures on November 13, 2027. At the time of purchase, the market rate on the bond was 4.44%. Calculate the market price, accrued interest, and cash price of the bond. Determine the amount of the bond premium or discount.
14. A bond is purchased on September 17, 1997, for $28,557.25 with 14 years until maturity. The 6% coupon pays $967.50 every six months. Calculate the yield to maturity.
15. A $300,000 face value bond carrying a 4% coupon is issued with four years until maturity. A sinking fund with semi-annual payments is set up and is expected to earn 6.35% compounded semi-annually. Construct a complete sinking fund schedule. Calculate the annual cost of the debt. What is the book value of the debt after the fifth payment?
16. A $500,000 face value bond makes semi-annual payments of $15,900 and will mature on January 2, 2014. The bond is purchased on July 14, 1997, when posted market rates are 7.77%. Calculate the market price, accrued interest, cash price, and the amount of the bond premium or discount.

Challenge, Critical Thinking, & Other Applications
17. In Canada, 50% of an individual's capital gains or losses are taxed or deducted respectively at the individual’s current tax rate. Tammy has a tax rate of 12.76%. She just purchased a $120,000 face value bond carrying a 9.89% coupon with six years remaining until maturity. Current market yields are posted at 6.14% compounded semi-annually. Calculate her taxes owing or deducted on the capital gain or loss in the fourth year.
18. A $75 million face value bond carrying a 4.45% coupon is issued with 35 years until maturity. The sinking fund provision requires 80% of the face value to be saved up by the maturity date. The sinking fund is projected to earn 4.95% compounded semi-annually.
a. Create a partial sinking fund schedule detailing the first two years, last two years, and the 10th and 11th years.
b. Calculate the total interest earned by the sinking fund.
c. Calculate the annual cost of the bond debt.
d. Determine the book value of the bond debt after the 29th payment.

19. A $400,000 face value bond carrying a 5.6% coupon is issued on March 23, 2007, and expected to mature on March 23, 2011. The sinking fund provision requires semi-annual payments such that the full amount is saved upon maturity. The fund is expected to earn 3.7% compounded semi-annually.
a. Create a complete sinking fund schedule for the issuing company. Calculate the total interest earned.
b. Suppose an investor purchased $50,000 of the bond on September 23, 2007, at a market rate of 5.45% and later sells the bond on March 23, 2009, at a market rate of 3.74%. Calculate the investor's yield.
c. If an investor purchased $25,000 of the bond on March 23, 2008, for $25,991.24, what would be the yield to maturity?
d. For each investor in parts (b) and (c), construct a complete table detailing the amortized gain or discount accrued. Assume the investor in part (b) held onto the bond until maturity instead of selling it.
20. A $650,000 face value bond carrying a 4.59% coupon is issued on March 30, 2005, and expected to mature on March 30, 2010. The sinking fund provision requires semi-annual payments such that the full amount is saved upon maturity. The fund is expected to earn 4.25% compounded semi-annually.
a. Create a complete sinking fund for the issuing company. Calculate the total interest earned.
b. Suppose an investor purchased $100,000 of the bond on September 30, 2005, at a market rate of 4.75% and later sells the bond on September 30, 2008, at a market rate of 4.27%. Calculate the investor's yield.
c. If an investor purchased $34,000 of the bond on September 30, 2007, for $34,167.47, what would be the yield to maturity?
d. For each investor in parts (b) and (c), construct a complete table detailing the amortized gain or discount accrued. Assume the investor in part (b) held onto the bond until maturity instead of selling it.


Chapter 14 Case Study 
Financing an Acquisition through Bonds

The Situation
Business is booming at Lightning Wholesale! The robust economy and favourable exchange rates have greatly increased the demand for its products. This means that Lightning Wholesale has to increase its inventories immediately to continue providing good service to its customers. Believing this to be a permanent increase in business, the distribution manager decides that the company's existing distribution warehouse simply has too little room to accommodate future needs.
	Finding herself in a difficult but positive situation, she asks her commercial property representative to seek a vacant warehouse in the area for immediate occupation. Within a few days, the real estate broker calls back with details. The amount of money required to purchase the new facility along with all installations and equipment is more than the liquid assets of Lightning Wholesale. After examining all available options, the distribution manager suspects that the low rates in the bond market offer the cheapest source of financing.

The Data
· Lightning Wholesale needs $9.84 million immediately to proceed with the distribution warehouse acquisition.
· The finance department believes it prudent to set a five-year maturity on the bonds.
· To ensure the availability of funds and allow for any unplanned cost overruns, Lightning Wholesale will issue bonds in an amount that exceeds the requirement by 2%. All bonds are issued with a $1,000 face value.
· At the time of issue, the bond market is expected to have a market rate of 3.37% compounded semi-annually.
· The bond is issued with a sinking fund provision that requires semi-annual deposits such that the full amount issued will be available upon maturity to redeem the bonds. Lightning Wholesale is also permitted to use the funds to redeem the bonds at any point if the market provides a favourable opportunity. Estimates from the fund's third-party manager place the interest rate on the fund at 4.15% compounded semi-annually.

Important Information
Unbeknownst to Lightning Wholesale today:
1. The market rate will rise to 5.65% after three years.
2. The sinking fund's management will find a better fund earning 4.75% compounded semi-annually after two years.

Your Tasks
1. Examine the initial structure of the bond issuance and the financial commitments required.
a. How many bonds will be issued?
b. What is the amount of the sinking fund payment?
c. Develop a complete sinking fund schedule and total the expected interest earned. For each payment, note the book value of the bond debt.
d. Calculate the annual cost of the bond debt.
2. Advance two years into the future and determine the implications of the rate increase for the sinking fund.
a. What is the balance in the sinking fund at this time?
b. What is the new sinking fund payment?
c. Including the past two years' interest, what total interest is now earned?
d. By what amount does the annual cost of the bond debt decrease?
3. Advance another year into the future where the rate in the bond market has risen substantially to 5.65%.
a. The sinking fund management company decides to use the savings in the sinking fund to redeem as many bonds as possible. Based on your calculations from the previous question, how many bonds will it be able to redeem?
b. After the bonds are redeemed, what is the new sinking fund payment for the last two years?
c. Construct a revised sinking fund schedule for the last two years based on your answers to the above questions.
d. By what amount has the annual cost of the debt increased or decreased (compared to where it was the previous year)?
e. If it is assumed the last two years are uneventful and the bonds are redeemed at maturity, how did the overall cost of the bond issuance change from its initial plan?
4. Examine this bond issuance from the investor's side.
a. For an investor who acquired 23 of the bonds at the time of the bond issuance, what investor's yield did she realize when the company redeemed the bonds after the three years?
b. An investor acquired 46 of the bonds when it had two years left until maturity. Construct a complete table detailing either the amortization or accrual of the premium or discount.
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