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TIME VALUE OF MONEY

Interest is the price of the money. As it is in other commodities which have an exchanging price in the market, in payment for the use of someone else’s money, the payment or the fee that is paid is called as interest and it is expressed as a percentage of the principal or as the total amount.

The interest system is a system that consists of money inflows (+) and outflows (-) along the time line in a given period and can be expressed visually as follows:






This visual aspect of the interest system called as Cash Flow Diagram. As viewing the interest action as a system, it is possible to see its subsystems. The subsystems of the interest system are future value (FV) or end value, present value(PV) or principal, number of periods(t), equal payments or annuities(A) or equal installments and interest rate(r). 

These subsystems are expressed with the following symbols. FV= future value; PV= present value; A= annuity; r= interest rate; t= number of periods
As it is in any kind of system; there are mutual relations and interactions among subsystems and these relations can be expressed mathematically. And depending to the types of these mathematical relations; basically there are three types of interest. (1) Simple Interest; (2) Discrete Compounding and (3) Continuous Compounding.

Simple Interest


The simple interest is the case that the interest payment that is earned at the end of the period is not added to the principal and can be calculated with the following relations formula. In other words there are direct mathematical relations in the simple interest system.   Future Value is the sum of principal and interest payment:  (FV = PV + I)  and  Interest payment :  I = (PV * t * I); so by combining these equations we can write; 

FV = PV ( 1 +  t * r )

In the formula;  ( P ) represents the principal or present value and ( t )  is expressed as a year, but for the shorter periods than a year it is calculated as a fraction of a year such as 4 months 12 days is equal ((4 *30 + 12) / 365( 0,362 and of course  ( r ) is expressed as a percentage.

EXAMPLE: 

What is the future amount that will be available in four years if 8,000 TL is invested at 12% per year simple interest now? Ans.11,840,-TL







When we directly install the given data in the following formula; the result is:
FV = PV ( 1 +  n * i )

FV = 8,000, -  * ( 1 +  4 * 0,12 )

FV = 11,840, - TL.
EXAMPLE: 

What is the annual rate of simple interest if 465, - TL is earned in five months on an investment of 18,600, - TL? Ans. 6%
FV = PV + I     


FV = 18,600 + 465
FV = PV ( 1 +  n * i )

19,065= 18,600 ( 1 +  5/12 * i )

i = 6%

EXAMPLE: 

Determine the principal that would have to be invested to provide 250, - TL of simple interest at the end of two and half years if the interest rate is 10%? Ans. 1,000,-TL
            I = PV * t * r
250 = PV * 2,5 * 10%

PV = 1,000, -TL
Discrete Compounding


The discrete compounding interest is the case that the interest payment that is earned at the end of each period is added to the principal and this operation continues consecutively for the given period. 

And it can be calculated with the following relation formula. In other words there are exponential mathematical relations in the discrete compounding interest system. 

FV = PV ( 1 +   r )t  

or the annuities

FV = A [( 1 +  r) t - 1 ) / r ]
These exponential mathematical relations bring out the importance of economic equivalency. Economic equivalency means any amount of money at any time point is equivalent to another amount of money at another time point under the given interest rate.  This concept can be expressed on the cash flow diagrams as it is in the following examples.

Model 1. 

Today’s 100, -TL is equivalent to one-year later 110, -TL under a 10% interest rate.








Model 2.

The 100, -TL on the time points of 0, 1, 2, 3 are equivalent 453,-TL in the time point 4 under a 5% interest rate.







Model 3.

The 100, - ; 150,- ; 200,- and 250,- TL on the time points of 0, 1, 2, 3 are equivalent on the time points of 4 and 5 the 500,- and 292,- TL if  interest rate is 5%.











Of course; the economic equivalency of the amount that place in these models are true for the reverse of the process. That means the cash inflows can be replaced with the cash outflows or vice versa. 

Calculation Techniques



The calculations toward future value are called compounding, and the calculations backward to present value are called discounting. In this sense compounding and discounting are the reverse operations.

By using economic equivalency concept we can calculate FV= future value; PV= present value; A= annuity; r= interest rate; t= number of periods easily. But before doing this; it is necessary to draw the Cash Flow Diagram and determine the right inflows and outflows and to form the complex models to a simple model. 

Calculations of Future Value: Model 1
Example  1.

 What is the four years later future value of 800,- TL that is deposited today 12% compounded annually? Ans. 1,259,-TL








Firstly, we can apply the formula:

FV = PV ( 1 +   r )t
FV = 800, - ( 1 +   0,12 )4

FV = 1,259, - TL

Secondly, we can use Excel Tables as follows:

First; fill series in the first row for representing time points and then in the box A2, type the principal and in the B2 box; write the formula and click OK and then pull the cursor up to time point 4. You’ll see the FV is calculated automatically.

	
	A
	B
	C
	D
	E

	1
	0
	1
	2
	3
	4

	2
	800, -
	=A3 * 1,12
	= B3 * 1,12
	= C3 * 1,12
	= D3 * 1,12

	
	800
	896
	1003.52
	1123.942
	1258.815


Thirdly, we can use fx function in Excel as follows:

Click on the fx; you’ll see a window; from the left side (Function Category) click on Financial and then from the right side (Function Name) click on FV and say OK. Then you’ll meet with another window and fill the values as follows:

	Rate
	0,12

	Nper
	4

	Pmt
	

	Pv
	-800

	Type
	







Formula Result = 1258,815
In this window; rate is the interest rate; Nper is the number of years; Pmt  is annuities ( there is no value for it in our problem); Pv is the Present Value (It is minus as shown in the cash diagram); Tpye is used when the payments are made at the beginning of the period as pressing 1; if it is at the end as it is in the problem it is omitted) Upon clicking on the boxes you may read the meanings of these functions. By using fx  function you  will aware that the calculations can be made easily in seconds.  

The reverse operation of Future Value or Discounting

Calculations of Present Value: Model 1

Example  2.

 What is the amount that is invested today in order to accumulate 1,259, - TL four years later at a rate 12% compounded annually? Ans. 800, -TL








Firstly, we can apply the formula:

FV = PV ( 1 +   r )t 

1,259, - = PV ( 1 +   0,12 )4

PV = 800, - TL
Secondly, we can use Excel Tables as follows:

 We’ll do the same things but reversibly, because now we are coming backward to the zero point. And you’ll see the result is the same.

	
	A
	B
	C
	D
	E

	1
	0
	1
	2
	3
	4

	2
	= B3 / 1,12
	=C3 / 1,12
	= D3 / 1,12
	= E3 / 1,12
	1259

	
	800.11726
	896.1313
	1003.667
	1124.107
	


Thirdly, we can use fx function in Excel as follows:

Click on the fx; you’ll see a window; from the left side (Function Category) click on Financial and then from the right side (Function Name) now click on PV and say OK. Then you’ll meet with another window and fill the values as follows:

	Rate
	0,12

	Nper
	4

	Pmt
	

	Fv
	1259

	Type
	







Formula Result = - 800,117 
Now you see Fv instead of Pv (It is minus as shown in the cash diagram, because this is a cash outflow at the beginning)

Calculations of Future Value with Annuities: Model 2

Example  3.

Suppose that a person deposits 10,000, - TL today and 5,000, - TL at the end of each year in a savings account for the next six years. If the bank pays at 8% compounded annually, how much money will accumulate by the end of the 6-year period?  Ans. 52,548, - TL






Directly applying the below formulas in Excel Tables; you can easily calculate the Future Value as follows: 

	
	A
	B
	C
	D
	E
	F
	G

	1
	0
	1
	2
	3
	4
	5
	6

	2
	10,000
	5000
	5000
	5000
	5000
	5000
	5000

	3
	10,000
	=A3*1,08+B2
	=B3*1,08+C2
	=C3*1,08+D2
	=D3*1,08+E2
	=E3*1,08+F2
	=F3*1,08+G2

	
	10000
	15800
	22064
	28829.12
	36135.45
	44026.29
	52548.39


Or you’d better to use fx function in Excel by choosing FV option as follows;

	Rate
	0,08

	Nper
	6

	Pmt
	-5000

	Pv
	-10,000

	Type
	








Formula Result = 52,548,39

Calculations of Annuities: Model 2

Example  4.

Suppose that a person deposits 10,000, - TL today and wants to draw 52,548, -TL at the end of sixth year. If the bank pays at 8% compounded annually how much money must he deliver for each year in saving accounts for the next six years? Ans. 5,000,- TL









Because of the equivalency concept we subtract the down payment’s or Present Value’s Future Value  [10,000 * ( 1 + 0,08) 6 )= 15,869,-TL] from the existing Future Value (52,548 – 15,869 =) 36,679,-TL and use the new Future Value instead of it in the Formula;
FV = A [( 1 +  r) t - 1 ) / r ]
36,679 = A [( 1 + 0,08) 6 - 1 ) / 0,08 ]
A= 5,000,-TL
However, It is better to use fx function in Excel by choosing PMT option as follows; 

	Rate
	0,08

	Nper
	6

	Pv
	-10000

	Fv
	52548

	Type
	








Formula Result = 5,000

If there is no Pv in the problem we’ll only type the Fv; that is, in the menus the absent values may be omitted.

Calculations of Interest Rates: Model 2

Example  5.

Suppose that a person deposits 10,000, - TL today and 5,000, - TL at the end of each year in a savings account for the next six years. And at the end of the sixth year in order to withdraw a total amount of 52,548, - TL. What the interest rate the bank has to pay compounded annually?  Ans. 8%







In order to find the interest rate we’ll use fx function in Excel by choosing RATE option as follows; 

	Nper
	6

	Pmt
	-5000

	Pv
	-10000

	Fv
	52548

	Type
	








Formula Result = 8%

To solve the problem manually we have to put values in the formula, this time we have to guess the interest rate by using thumb method or Future Value Annuity Tables ( 36,679/5000= 7,3359).

FV = A [( 1 +  r) t - 1 ) / r ]
36,679 = 5,000 *  [( 1 + r) 6 - 1 ) / r ]

r = 8%

Calculations of Number of Periods: Model 2

Example  6

Suppose that a person deposits 10,000, - TL today and 5,000, - TL at the end of each year in a savings account in a bank that pays 8% yearly interest compounded annually. How many years are needed to accumulate in order to withdraw a total amount of 52,548, - TL at the end of the period?  Ans. 6 years

Also; to solve the problem manually we have to put values in the formula, this time we have to guess the number of periods by using thumb method or Future Value Annuity Tables ( 36,679/5000= 7,3359).
FV = A [( 1 +  r) t - 1 ) / r ]
36,679 = 5,000 *  [( 1 + 0,08) t  - 1 ) / 0,08 ]

t = 6 years







On the other way, it is easier to find the number of years by using  fx function in Excel by choosing NPER option as follows; 

	Rate
	,08

	Pmt
	-5000

	Pv
	-10000

	Fv
	52548

	Type
	








Formula Result = 6,01

Calculations of NPV and IRR : Model 3


In some cases, as it is earlier explained in the Model 3 in economic equivalency concept, the cash inflows or outflows may be in different amounts. In such a situation it is useful to use the Net Present Value function to make the necessary calculations.

Example  7. 

How much money has to be deposited in a savings account in order to withdraw 1000, - TL  at the end of the 1st year; 1500, -TL at the end of the 2nd year, 2000, -TL at the end of the 3rd year; 2500, -TL at the end of the 4th year; and 3000, -TL at the end of the 5th year. If the bank pays at 7% interest rate compounded annually?









In order to find the PV we’ll use fx function in Excel by choosing NPV option as follows; 

	Rate
	0,07

	Value 1
	1000

	Value 2
	1500

	Value 3
	2000

	Value 4
	2500

	Value 5
	3000








Formula Result = 7923,53

Or we can use Excel Tables as we did before as follows;

	
	A
	B
	C
	D
	E
	F

	1
	0
	1
	2
	3
	4
	5

	2
	
	1000
	1500
	2000
	2500
	3000

	3
	=C2/1,07+A2
	=C3/1,07+B2
	=D3/1,07+C2
	=E3/1,07+D2
	=F3/1,07+E2
	3000

	
	7923.53
	8478.177
	8001.649
	6956.765
	5303.738
	


Example  8. 

7923, - TL has been deposited in a saving accounts in order to withdraw 1000, - TL  at the end of the 1st year, 1500, -TL at the end of the 2nd year, 2000, -TL at the end of the 3rd year, 2500, -TL at the end of the 4th year and 3000, -TL at the end of the 5th year. What is the interest rate compounded annually?

First; type the values in an Excel row as follows

	
	A
	B
	C
	D
	E
	F

	1
	0
	1
	2
	3
	4
	5

	2
	-7923
	1000
	1500
	2000
	2500
	3000


and From the fx function by choosing IRR (Internal Rate of Return) option and when the menu comes; click and scan over the values as shown;
	Values
	-7923,1000,1500,2000,2500,3000

	Guess
	








Formula Result = 7%

Shorter Terms than a Year and Effective Interest Rates ( i  ):

Sometimes calculation periods may be shorter than a year and in such situations it is mentioned from effective interest rate. 

 In this case the normal FV formula is arranged as follows;

FV = PV ( 1 +   r / m )t*m
m represent the number of periods in a year and m=12 for monthly compounding; m=4 for quarterly compounding, m=2 for semiannually compounding, m=365 for daily compounding

 For example; when we are asked what is the effective interest rate for a nominal interest rate 12% compounded monthly. In this case yearly effective interest rate will be higher than the yearly nominal interest rate. Applying the formula;


FV = 1*  ( 1 +   0,12/ 12 )1*12

FV = 1,1268 


i = 12,68%


12,68% is defined as the yearly effective interest rate. And in Excel Menus it can be applied to rate windows as follows;

	Rate
	0,12/12

	Nper
	12

	Pmt
	

	Pv
	-1

	Type
	






Formula Result = 1,1268

In this example it is calculated for the symbolic 1, -TL as a future value factor. The other factor values for PV and annuities(A) naturally can be calculated in the same way.

Continuous Compounding


The continuous compounding interest is the case that the interest payment that is earned, is added to the principal continuously and this operation continues consecutively for the given period. 

And it can be calculated with the following relation formula. 
FV = PV e rt  

Or it is possible to use the equation in related formulas e r = 1 + i where r is the yearly nominal interest rate. The similiar equation value has to be applied in Excel Formulas, because the menus don’t perform this operation automatically.

 Problems for Study

1. The ABC Company deposited 1,000, -TL in a bank account on January 13 and withdrew 1,125, -TL exactly one year later. Compute: (a) the interest the ABC Company received from the investment and (b) the annual interest rate which the ABC Company was paid.                               Ans. (a) 125,-TL  (b) 12,5%
2. What is the annual rate of simple interest if 465, - TL is earned in five months on an investment of 18,600,- TL? Ans. 6%
3. Determine the principal that would have to be invested to provide. 250, - TL of simple interest at the end of two and half years if the interest rate is 10%? Ans. 1,000,-TL
4. How much interest would be due at the end of one year on a loan of 20,000, - TL if the interest rate is 6%? Ans.  1,200,-TL
5. What is the annual interest rate on a loan 252,000,000 -TL in which all interest is paid at the end of the year, and a total of 283,500,000, - TL must be repaid at the end of the year? Ans. 12.5%
6. If 350, -TL is earned in three months on an investment of 14,000, - TL, what is the annual rate of simple interest? Ans. 10%
7. How long will it take for an investment of 7,500, -TL to grow to 11,250, - TL, if it earns 10% simple interest per year? Ans. 5 years
8. Find the principal of a loan in which the simple interest rate is 1,5 % per month, and which the borrower has just made the first monthly interest payment of 75, - TL? Ans. 5,000,-IL
9. Find the principal, if the principle plus interest at the end of one and half year is 8,400, - TL for a simple interest rate of 8% percent per annum? Ans.7,500,-TL
10. What is the future amount that will be available in four years if 8,000,- TL is invested at 12% per year simple interest now? Ans.11,840,-TL
11.  What is the principle amount if the principle plus interest at the end of the 2 years and 3 months is 12,250, - TL for a simple interest rate %10 per annum? Ans. 10,000,-TL
12. For what period of time will 600,-TL have to be invested to amount to 1,725,- TL if it earns 15,625% simple interest per annum? Ans. 12 years
13. If 80, -TL in interest is earned in two months on an investment of 4,000, - TL, what is the annual rate of simple interest? Ans. 12%
14. Let the inflation rate be 3% per year. If a person deposits TL. 500,- in a bank account at 9% per annum simple interest for ten years, will this effectively protect the purchasing power of the original principal and how much? Ans. Yes. 30,-TL
15. How long would it take for an investor to double his money at 10% simple interest per year? Ans. 10 years
16. An amount of money has been borrowed 6% simple interest monthly and was paid TL 24,- as interest for the passed period of four month. What is total amount that is borrowed? Ans. 100,-TL
17. ABC Company has three different modernization investment project alternatives. Which project is better to choose if the total amount of the investment projects are;

A: TL 25,000. -    B: TL 45,000. -   C: TL 30,000- and 
their expected profit forecasts;

A: TL 10,000. -   B: TL 15,000. -       C: TL 14,000-

Ans.C
18. What is the total amount that will be paid two years later for a loan of    TL500,- which is borrowed 2% simple interest monthly?                              Ans.740,-TL
19. What period of time is needed in order to triple 14,000,- TL of money if it earns 10% simple interest per period? Ans. 20 years
20. What is the four years later future value of 800,- TL that is deposited today 12% simple interest per annum? Ans. 1,184,-TL
21. Compare the interest earned from an investment of 100,-TL for 15 years at 10% per annum simple interest, with the amount of interest that could be earned if these funds were invested for 15 years at 10% per year, compounded annually?

 Ans. 150,-TL  simple ; 317,725,-TL comp.

22. Compare the interest earned by 125,- TL for 10 years at 12% simple interest with that earned by the same amount for 10 years at 12% compounded annually? Ans. 150,-TL simple; 263,23TL comp.  
23.Suppose the interest rate is 10% per year, compounded annually. What is the minimum amount of money that have to be invested for a two year period in order to earn 300, - TL in interest? Ans. 1.428,57 TL 


24. A person lends TL 160, - at 9% simple interest for 4 years. At the end of this time the entire amount (principal plus interest) is invested at 11% compounded annually for 10 years. How much will accumulated the end of 14-year period? Ans. 617,86,- TL

25. How long would it take for an investor to double his money at 10% interest per year, compounded annually? Ans. 7 years

26. An individual wants to have TL 2,000,- at the end of three years. How much would the individual have to invest a 10% per year interest rate, compounded annually, in order to obtain a net of TL 2,000,- after a paying a TL 250,- early withdrawal fee at the end of the third year? Draw a cash flow diagram for the individual?   Ans. 1,503,000,-TL
27. Suppose that you have a savings plan covering the next ten years, according to which you put aside 60, - TL today, 50, - TL at the end of every other year for the next five years, and 40,- TL at the end of each year for the remaining five years. As part of this plan, you expect to withdraw 30, - TL at the end of every year for the first three years, and 35, - TL at the end of every other year thereafter. (a) Tabulate your cash flows (b) Draw your cash flow diagram. 
28. Under your six years savings plan, you deposited 100, - TL now, and 100, - TL at the end of the fourth year, in a bank account that earns 8% per year, compounded annually. You withdraw all your accumulated interest at the end of second year, and the further interest plus principal at the end of the sixth year. (a) Tabulate the cash flows and the balance in your investment account. (b) Draw a cash flow diagram for the bank. (c) Compute the penalty (suffered by you) for the early withdrawal of interest at the end of the second year. Ans. Balance: 252,69TL and the penalty: 6 TL
29. Which is more desirable: Investing 200,- TL at 6% per year compound interest for three years or investing 200,- TL at 7% per year simple interest for three years? Ans. Simple Interest
30. At what rate of interest, compounded annually, will an investment triple itself in (a) 8 years? (b) 10 years?  (c) 12 years? (a)14,72%  (b)11,61% (c)9,59%
31. What rate of interest, compounded annually, will result in the receipt of 159,384,800, - TL if 100,- TL is invested for 8 years? Ans. 6%
32. How much money will be required four years from today to repay  200, - TL that is made today (a) at 8% interest, compounded annually  (b) at 8% simple interest? Ans. 272,09TL; 264,-TL
33. How many years will be required for an investment of TL 300,- to increase to TL 408,147,000,- at an interest rate of 8% per year, compounded annually? Ans. 4 years
34. What will be the amount accumulated by each of the following present investments?

(a) 300, - TL in 7 years at 14% compounded annually.  Ans. 750,68 -TL
(b) 600, - TL in 17 years at 12% compounded annually.

(c) 20, - TL in 38 years at 16% compounded annually.

(d)  35, - TL in 71 years at 4% compounded annually.

(e) 50, - TL in 34 years at 8% compounded annually.

(f) 23,- TL in 4( years at 14(% compounded annually.

(g) 1,250,000, - TL in 7( years at 8( compounded annually.

(h) 30, - TL in 5( years at 7(% compounded annually.

35. What is the present value of a future payment 100, - TL to be received 20 years from now, if the principal is invested at 8% per year, compounded annually? Ans., -TL 21,45
36. A person lends TL 20. - for five years at 10% simple interest; then the entire proceeds is invested for ten years %9 per year, compounded annually. How much money will the person have at the end of the entire 15-year period? Ans. TL 710,21
37. Suppose that a person invests 30, - TL at 10% compounded annually, for 8 years. (a) Will this effectively protect the purchasing power of the original principal, given an inflation rate of 8%? (b) If so, by how much?

Ans. (a) Yes  (b) ,3,474,343 -TL 
38. On the first day of the year, a man deposits 1000, - TL in a bank 8% compounded annually. He withdraws 80, - TL at the end of first year, 90, - TL at the end of the second year, and the remaining balance at the end of the third year. (a) How much does he withdraw at the end of the third year?  (b) What is his net cash flow?  (c) How much better of, in terms of net cash flow, would he have been if he had not made the withdrawals at the ends of years one and two? 
Ans. (a)1,069,20TL (b)239,20TL  (c)20,80TL

39. What is the present value of the following future payments?

(a) 190, 000,000, - TL 5 years from now at 9% compounded annually?

(b) 83, - TL 12 years from now at 19% compounded annually?

(c) 6,200,000, - TL 53 years from now at 12% compounded annually?

(d) 17,500,000, - TL 64 years from now at 10% compounded annually?

(e) 19, - TL 15 years from now at 9(% compounded annually?

(f) 130, - TL 18 years from now at 19,2% compounded annually?

(g) 15,500,000, - TL 5( years from now at 9(% compounded annually?

(h) 192,500,000, - TL 5,5 years from now at 7(% compounded annually?

Ans. (a) TL 123,486.963,40


40. What amount of money is equivalent to receiving 500, - TL two years from today, if interest is compounded quarterly at the rate of 2,5% per quarter? Ans. 410,37TL
41. A woman deposits 200, - TL in a savings account that pays interest at 8% compounded annually. If all the money is allowed to accumulate, how much will she have at end of  (a) 10 years? (b) 15 years? 

Ans. (a) 431,78TL (b) 634,43 TL

42. How much money must be deposited in a savings account so that 550, - TL can be withdrawn 12 years hence, if the interest rate is      (a) 9% (b) 7,5% per year, compounded annually, if all the interest is allowed to accumulate?
Ans.195,54TL
43. Suppose that a person deposits 500, - TL in a savings account at the end of each year, starting now, for the next twelve12 years. If the bank pays (a) 8%  (b) 6( per year, compounded annually, how much money will accumulate by the end of the 12-year period? Ans. 9,488,56TL
44. What is the accumulated future value of the each of the following series of payment?

(a) 30, - TL at the end of each year for 9 years at 12% compounded annually? Ans.443,27TL
(b) 1, - TL at the end of each year for 107 years at 10% compounded annually?

(c) 4,200,000, - TL at the end of each year for 10 years at 8% compounded annually?

(d) 1,400,000, - TL at the end of each year for 43 years at 11% compounded annually?

(e) 2,500,000, - TL at the end of each year for 23 years at 9,75% compounded annually?

(f) 310, - TL at the end of each year for 5 years at 11,5% compounded annually?

(g) 5,500,000, - TL at the end of each year for 15 years at 5,65% compounded annually?

(h) 43,575,000, - TL at the end of each year for 6,25 years at 1,25% compounded annually?

(i) 530, - TL at the end of each year for 2,5 years at 2,95% compounded annually?

45. What equal series of end of year payments must be paid (into a sinking fund) to accumulate the following future amounts?

(a) 6,200, - TL in 14 years at 15% compounded annually when payments are annual. Ans.153,07TL 
(b) 65, - TL in 8 years at 12% compounded annually when payments are annual.

(c) 6,200, - TL in 14 years at 15% compounded annually when payments are annual.

(d) 1,800, - TL in 52 years at 4,5% compounded annually when payments are annual.

(e) 5,400, - TL in 11 years at 10% compounded annually when payments are annual.

(f) 9,200, - TL in 47 years at 1,5% compounded annually when payments are annual.

(g) 920, - TL in 52 years at 5% compounded annually when payments are annual.

(h) 3,250, - TL in 6 years at 8,75% compounded annually when payments are annual.

(i) 1,200, - TL in 7 years at 3,75% compounded annually when payments are annual.

46. What is the present value of the following series of prospective payments?

(a) 150, - TL a year for 16 years at 14% compounded annually?

(b) 23, - TL a year for 37 years at 15% compounded annually?

(c) 1,000,- TL a year for 9 years at 8% compounded annually?

(d) 250, - TL a year for 10 years at 10% compounded annually?

(e) 90,- TL a year for 42 years at 17,5% compounded annually?

(f) 175, - TL a year for 12,5 years at 1,4% compounded annually?

(g) 550,- TL a year for 4 years at 24% compounded annually?

(h) 300,- TL a year for 6 years at 16% compounded annually?

(i) 750,- TL a year for 4,5 years at 32% compounded annually?

Ans.939,76TL

47. What series of equal payments is necessary to repay the following present amounts?

(a) 400, - TL in 5 years at 16% compounded annually with annual payments. Ans.122,16TL 
(b) 9,500, - TL in 20 years at 10% compounded annually with annual payments.

(c) 405, - TL in 62 years at 8% compounded annually with annual payments.

(d) 400, - TL in 5 years at 16% compounded annually with annual payments.

(e) 1,000, - TL in 120 years at 11% compounded annually with annual payments.

(f) 500, - TL in 30 years at 9,6% compounded annually with annual payments.

(g) 100, - TL in 5 years at 16,75% compounded annually with annual payments.

(h) 250, - TL in 2 years at 24% compounded annually with annual payments.

(i) 650, - TL in 3 years at 19,6% compounded annually with annual payments.

48. For an interest rate of 10% compounded annually, find


(a) How much can be loaned now if 200, -TL will be repaid at the end of 4 years? Ans.136,60TL 

(b) How much will be required 6 years hence to repay a 500, - TL loan made now? Ans.885,78TL





49. How much money must be deposited at the end of each year in a savings account that pays 9% compounded annually, in order to have a total of 1,000, - TL at the end of 14 years? Ans.38,43TL


50. A man has deposited 500, - TL in a retirement income plan with a local bank. This bank pays (a) 9%  (b) 8(% per year, compounded annually, on such deposits. What is the maximum amount the man can withdraw at the end of each year and still have the funds last for 12 years? Ans.69.83TL
51. Mr. X is planning his retirement. He has decided that he needs to withdraw 1,200, -TL per year from his bank account to supplement his other income from Social Security and a private pension plan. How much money should he plan to have in the bank at the start of his retirement, if the bank pays 10% per year, compounded annually, and if he wants money to last to a 12-year retirement period? Ans.8.176,43TL 
52. How many years will it take for an investment to double itself if interest is compounded annually for the following interest rates?         (a) 4%;  (b) 5%  (c) 10% (d) 12%  (e) 19%  (f) 40%. Ans.(a)18 years
53. At what rate of interest compounded annually will an investment triple itself for the following number of years? (a) 5 years  (b) 7 years  (c) 10 years (d) 14 years  (e) 28 years  (f) 35 years. Ans.(a)25%
54. What value for i compounded annually will make a P of 100,- TL equivalent to an F of 400,- TL if n is 12 years? Ans.(a)12,25%
55. What value  for n will make a F of 400,- TL equivalent to an P of TL100,- if i is 12,25% compounded annually? Ans.(a) 12 years
56. What rate of interest compounded annually is involved if;

(a) An investment of 100, - TL made now will result 10 years hence in a receipt of 236,75TL? Ans.(a) 9%
(b) An investment of 250, - TL made 18 years ago has increased in value to 1,922,50 TL?

(c) An investment of 250, - TL made now will result 5 years hence in a receipt of 421,20 TL?

(d) An investment of 90, - TL made 21 years ago has increased in value to 360, - TL?

57. How many years will be require for;

(a) An investment of 300, - TL to increase to 693,90TL if interest is 15% compounded annually? Ans.(a) 6 years
(b) An investment of 500, - TL to increase to 30,000 TL if interest is 6% compounded annually?

(c) An investment of 100, - TL to increase to 740, - TL if interest is 10% compounded annually?

(d) An investment of 200, - TL to increase to 2,824, - TL if interest is 12,2% compounded annually?

58. How many years will be required to accumulate 100, - TL if 5, - TL is deposited at the end of each year, and interest is payable at 6,89% per year, compounded annually? ? Ans. 13 years
59. A person has 800, - TL in a savings account that earns interest at 6,47% compounded annually. If the person withdraws 120, - TL at the end of each year, after how many years will the savings be exhausted? 

Ans. 9 years
60. A man has entered into a contract in which he has agreed to lend 100, - TL to a friend, and the friend has agreed to repay him 106,09TL two years later. What annual compound rate of interest is the man receiving on his principal?  Ans. 3%
61. The First National Bank advertises it will pay 3,869,700,000, - TL in cash at the end of 20 years to anyone who deposits 1,000,- TL . Federal Savings, a competitor, advertises that it pays 10% per year, compounded annually, on all deposits left one year or more. Which bank is paying the higher interest rate, and by how much? ? Ans. Federal Savings pays 3% more.
62. A person who is about to retire has accumulated 1,000, - TL in a savings account. Suppose that the person withdraws 81,95TL from savings account at the end of each year for 20 years, at which time the account is totally depleted. What is the interest rate, based upon annual compounding? Ans. 5.25%
63. A person is considering to enter into an agreement with an investment company to deposit 100, - TL into a special account at the end of each year for 15 years. At the end of the period, the person would be able to withdraw a lump sum of 2,800, - TL.  At what rate would the person earn interest, if the interest compounded annually? Ans. 8.4%
64. A person is considering entering into an agreement with an investment company to deposit 100, - TL into a special account at the end of the first year, 110, - TL at the end of the second year, etc, increasing by 10, - TL each year. At the end of 15 years the person would be able to withdraw a lump sum of 3,600, - TL. At what rate would the person earn interest, if the interest compounded annually? Ans. 5.55%
65. How many years will be required for a sum of money to double if the interest rate is (a) 10% (b) 12% (c) 13,5% per year, compounded annually?

 Ans. (a) 7 years
66. An investment plan pays 15% per year, compounded annually. How much have to be invested every year so that 400, - TL will be accumulated by the end of 10 years? Ans. 19,70TL
67. Mr. Rock borrowed 100, - TL from his bank at 8% per year, compounded annually. He can  (a) repay the 100, - TL together with the interest at the end of 3 years, or  (b) pay the interest at the end of each year and repay 100, - TL at the end of 3 years. By how much is (b) better than (a)?  Ans. (b) is better: 1,97TL
68. Suppose that 200, - TL is invested now, 250, - TL two years from now, and 120, - TL four years from now, all at 8% per year, compounded annually. What will be the total amount 10 years from now?

 Ans. 1084,94TL
69. Mr. Dole is trying to decide to put his money in the XYZ Bank or the ABC Bank. The XYZ Bank pays 6% per annum interest, compounded annually; the ABC Bank pays 5% per annum interest, compounded annually. Mr. Dole expects to keep his money in the bank for (a) 5 years (b) 10 years. Which bank should he selected? Ans. XYZ Bank
70. Mr. Franklin wants to save for a new sports car that he expects will cost 38,000, - TL four years from now. How much money will he have to save each year and deposit in a savings account that pays 6,25% per year, compounded annually, to buy the car in four years? Suppose that Mr. Franklin makes the yearly deposits at the beginning of each year including the fourth year, rather than at the end. How much money must be deposited each year? Ans. 8.654,32TL ;  8.145,24TL
71. A father wants to aside money for his 5-year-old son’s future college education. Money can be deposited in a bank account that pays 8% per year, compounded annually. What equal deposits should be made by the father, on his son 6th through 17th birthdays, in order to provide 5,000, - TL; on the son’ 18th, 19th, 20th and 21st birthdays? Ans.872,66TL each year
72. An investment plan pays 13(% per year, compounded annually. How much would have to be invested every year so that 4,000, - TL will be accumulated by the end of 10 years? Ans. 211,95TL
73. A new machine is expected to cost 6,000, - TL and have a life of 5 years. Maintenance costs will be 1,500, - TL the first year, 1,700, - TL the second year, 1,900, - TL the third year, 2,100, - TL the fourth year, 2,300, - TL the fifth year. To pay for the machine, how much should be budgeted and deposited in a fund that earns (a) 9% per year compounded annually (b) 10(% per year, compounded annually? Ans. (a) 13.256,69TL
74. How much money would have to be saved at  (a) 8%,  (b) 8(%, per year, compounded annually, each year for the next ten years if 5,000, - TL is needed at the end of the 10th year? Ans.(a) 345,147,443,-TL
75. A freshman college student plans to travel every year.  How much money should he save and put in the bank in order to pay his travel costs for his remaining 3 years of college; assuming the bank pays 8% per year, compounded annually, and that his travel costs will be 150,-TL the first year; 130, - TL the second year; 110, - TL the third year? Ans.337,66TL
76. Suppose 500, - TL is deposited in a savings account that pays interest at 8% per year, compounded annually. If no withdrawals are made, how long will it take to accumulate 12,670, - TL? Ans. 42 years
77. Suppose that 100, - TL is deposited in the bank each year. How long will it take to accumulate 2.101, 60TL if the interest rate 6% per year, compounded annually? Ans. 14 years
78. Mrs. Brown deposits 75, - TL in a savings account at the beginning of each year, starting now, for the next 10 years. If the bank pays  (a) 7%,  (b) 5(%, per year, compounded annually, how much money will Mrs. Brown have accumulated by the end of the 10th year? Ans.1.108,77TL

79. A bank advertises that it pays interest at the rate of 10% per year, compounded quarterly. What effective interest rate is the bank paying quarterly? Ans. 2,5%
80. A manager has just borrowed 800, - TL from a local bank, at the rate of 1% per month on the unpaid balance. His contract states that he must repay the loan in 35 equal monthly installments. How much money he repays each month? Ans. 27,20TL
81. A bank pays interest at the rate of 6% per year, compounded monthly. If a person deposits 250, - TL in a savings account at the bank, how much money will accumulate by the end of two years? Ans. 281,79TL 
82. A man plans to buy a 15,000, - TL house. He wants to make a down payment 3,000, - TL and to take out a 30-year mortgage for the remaining 12,000, - TL, at 10% per year, compounded monthly. How much must he repay each month? Ans.105,30TL
83. A man plans to save each year 10, - TL for the next 20 years, at 10% (a) compounded monthly, (b) compounded quarterly. How much money will he have at the end of 20 years? Ans.(a) 604,32TL

84. What is the present value of a stream of monthly payments of 5, - TL each over 10 years, if the interest rate is 10% per annum, (a) compounded monthly;  (b) compounded daily? Ans. (a) 378,35TL
85. How much money must be deposited in a savings account each month to accumulate 1,000, - TL at the end of 5 years, if the bank pays interest at the rate of 6% per year, (a) compounded monthly; (b) compounded semiannually, (c) compounded quarterly (d) compounded daily?

 Ans. (a)14,33TL
86. Mrs. Carter deposits 1, - TL in the bank at the end of each month. If the bank pays  (a) 6% per year,  (b) 7% per year, compounded monthly; how much money will she have accumulated at the end of 5 years? If Mrs. Carter deposits 1, - TL a month during the first year, 2, - TL a month during the second year, 3, - TL a month during the third year, etc. How much will have accumulated at the end of 5 years if the interest rate is 6% per year, compounded monthly? Ans.(a) 69,77TL
87. What is the annual interest rate if the nominal interest rate is 6% compounded monthly? Ans. 6,17%
88. How many years will be required for a some of money to double, if the annual interest rate is 10%, compounded quarterly? Ans. 7 years
89. Mr. X plans to deposit money in a bank that pays 10% interest per year, compounded daily.  What effective rate of interest will he receive (a) yearly, (b) semiannually? Ans.(a) 10,52%
90. A person deposits 200, - TL in a savings account. If all the money is allowed to accumulate, how much will the person have at the end of 5 years, given a nominal interest rate 6%, compounded   (a) annually, (b) quarterly (c) monthly, (d) daily? Ans.(d) 269,96TL
91. What amount of money is equivalent to receiving 80, - TL three years from today, if the interest rate is 8% per year, compounded annually?

 Ans. 63,50TL
92. A bank pays 6% interest per year, compounded quarterly. (a) To what amount will a 50, - TL deposit grow if left in that bank for 10 years? (b) To what amount will a 100, - TL deposit grow if left in that bank for 10 years compounded yearly? Ans.(a) 90,70TL
93. Calculate the amount of money that you would have in your savings account at the end of 12 months if you made the following deposits?

	End of month
	1
	3
	6
	7
	8
	11

	Deposit (Million TL)
	200
	90
	70
	75
	85
	70


Assume that the bank pays 6% interest per year, compounded semiannually, and that it pays simple interest on any inter period deposits? 

94. A savings bank offers 1,000, - TL certificates of deposit. Each certificate can be redeemed for 2,000, - TL after 8( years. What is the nominal annual interest rate if the interest is compounded monthly? What is the effective interest rate for the certificates? Ans. 9,05% - 9,44%
95. What yearly effective interest rate corresponds to the following?

(a) Yearly nominal interest rate of 12% compounded semiannually. 12,36%
(b) Yearly nominal interest rate of 12% compounded monthly.

(c) Yearly nominal interest rate of 12% compounded quarterly.

(d) Yearly nominal  interest rate of 12% compounded weekly.

(e) Yearly nominal interest rate of 12% compounded daily.

(f) Yearly nominal interest rate of 8% compounded semiannually.

(g) Yearly nominal interest rate of 9% compounded monthly.

(h) Yearly nominal interest rate of 10% compounded quarterly.

(i) Yearly nominal interest rate of 11% compounded weekly. 
96. Find the yearly nominal interest rate and the effective interest rate per compounding period for the following effective annual interest rates.

(a) Yearly effective interest rate 12.36% semiannual compounding. 12%
(b) Yearly effective interest rate 4,06% quarterly compounding.

(c) Yearly effective interest rate 18,39% monthly compounding.

(d) Yearly effective interest rate 29,61% weekly compounding.

(e) Yearly effective interest rate 8% daily compounding.

(f) Yearly effective interest rate 200% monthly compounding.

(g) Yearly effective interest rate 39,24% semiannual compounding.

(h) Yearly effective interest rate 41,16% quarterly compounding.

(i) Yearly effective interest rate 19,56% monthly compounding.

(j) Yearly effective interest rate 29,61% weekly compounding.

(k) Yearly effective interest rate 107.36% daily compounding.

(l) Yearly effective interest rate 44,03% daily compounding.

97. What nominal interest rate is paid if compounding is annual and  (a) payments of 45, - TL per year for six years will repay an original loan of 170, - TL?   (b) Annual deposits of 100, TL - will result in 2,500, - TL at the end of 10 years? Ans.(a) 15%
98. The Square Deal Loan Company offers money at 0.3% interest per week compounded weekly. What is the effective interest rate? What is the nominal interest rate? Ans.16,9% - 15,6%
99. An effective annual interest rate of 12% is desired. (a) What nominal rate should be asked if compounding is to be semiannually?  (b) What nominal rate should be asked if compounding is to be quarterly?

 Ans.(a) 11,66% semiannually
100. Which is more desirable 10% compounded monthly than 10% compounded yearly? Ans. 10% compounded monthly
101. Which of the following yearly nominal interest rates provides the most interest earned over a year?

(a) 8% compounded daily or 9% compounded annually.

(b) 11% compounded monthly or 12% compounded semiannually.

(c) 19% compounded daily or 20% compounded annually.

(d) 25% compounded weekly or 26% compounded semiannually.

(e) 32% compounded daily or 33% compounded quarterly. 

(f) 38% compounded monthly or 43% compounded annually. 
103. A management student borrows 4,000, - TL to pay tuition for his senior year. Payments are to be made in 36 equal monthly installments, to begin the first month after graduation. How much money must the student repay each month, if he is graduated 9 months after taking out the loan and if the interest rate is 10% per year, compounded  (a) monthly  (b) quarterly  (c) daily? Ans.(a) 139,07TL
104. A recent management graduate intends to purchase a new car. He plans to pay 2,000, - TL down and to finance the balance over a 4-year period.    The maximum amount that he can repay each month is 200, - TL. What is the most expensive car that he can afford, assuming an interest rate of 12% per year, compounded monthly?

 Ans. 9,594,90TL
105. Calculate the balance in Mr. Abbott’s account at the end of the year, if he deposits 10, - TL each at the ends of months 1 and 6, and 20, - TL each at the ends of months 7 and 9. His bank pays 8% per year, compounded quarterly, and simple interest during inter period deposits?

106. Mr. Smith plans to deposit 160, - TL in a savings account at the end of each year for 8 years. The bank pays interest at the rate of 16% per year, compounded quarterly, on such a plan. Calculate how much money Mr. Smith can expect to withdraw at the end of 8 years? Ans. 2.362,49TL 
107. Suppose that 20, - TL is invested now, 25, - TL three years from now, and 15, - TL five years from now, all at 7,5% per year, compounded monthly. What will be the total amount 7 years from now? 
108. A savings bank offers 125, - TL Treasury Bills. Each bills can be redeemed for 150, - TL after 6 months. What is the yearly nominal interest rate if the interest is compounded daily? What is the yearly effective interest rate if the interest is compounded daily? Ans.
109. A financial manager is trying to determine whether or not he can afford to borrow 1800, - TL for 18 months. The bank charges 2(% per month on the unpaid balance. He wants to repay the loan in 18 equal monthly installments, but feels he can not pay more than 150, - TL per month. Can he afford the loan? Ans.
110. What will be the monthly payment on a 12-year, TL20,000,- mortgage loan, where the nominal interest rate is 24% per year,                   (a) compounded monthly, (b) compounded daily? Ans.
111. Compute the amount of the monthly deposits Mr. A must make for the next 3 years in order for him to accumulate TL500,- at the end of 3 years, at the nominal rate of 16% per year, compounded daily? Ans.
112. A series of quarterly payments of TL10,- for 25 years is economically equivalent to what present sum, if the quarterly payments are invested at an annual rate of 8%, compounded quarterly? Ans.
113. An investment plan pays 15% per year, compounded monthly. How much would have to be invested every year so that TL4,000,- would be accumulated by the end of 5 years? Ans.
114. On the day of his girl’s birth, a father decided to establish a fund for the girl’s college education. The father wants the girl be able to withdraw TL5,000,- from the fund on her 19th birthday, again on her 20th birthday, again on her 21st birthday, and again on her 22nd birthday. If the funds earns interest at 9% per year, compounded quarterly, how much should the father deposit at the end of each year, up through the 18th year? Compare with the result obtained for semiannual compounding. Solve the problem again assuming that the money is deposited in the bank at the beginning, rather than the end of each period. Ans.
115. A new machine is expected to cost TL6,000,- and have a life of 5 years. Maintenance costs will be TL1,500,- the first year, TL1,700,- the second year, TL1,900,- the third year, TL2,100,- the fourth year, and TL2,300,- the fifth year. How much should be deposited in a fund that earns 9% per year, compounded monthly, in order to pay for this machine? Ans.
116. Suppose that a person deposits TL 25,- in a savings account at the end of each year for the next 15 years.    If the bank pays (a) 8% per year,  (b) 8(% per year, compounded daily, how much money will the person have by the end of the 15th year? Ans.
117. A person has deposited her life savings of TL7,000,- in a retirement income plan with a local bank The bank pays (a) 10% per year,  (b) 11,25% per year compounded quarterly, on such deposits. What is the maximum fixed amount she can withdraw at the end of each year and still have the funds last for 15 years? (a) 940,435,874,- TL      (b) 1,013,188,073,- TL Ans.
118. A person wants to deposit his money in one of the savings accounts of the following banks. The interest rates of the banks;

Bank A 

34%     compounded quarterly

Bank B
           36,5%  compounded monthly

Bank C

29,3%  compounded daily (A year = 365 days)

Bank D

38%     compounded semiannually

Bank E

43%      compounded annually

For maximum income which bank is better to prefer for him?

          r % 





FV





+





   1





 2





 0





     3





   A





   A





-





Number of periods (t)





 PV





FV= ?





12 % = i





+





 0





   4





   1





   3





 2





-





 PV = 8,000, -





FV= 110, -





+





10 % = r





 0





     1





-





 PV = 100, -





FV= 453, -





5 % = r





+





 0





   4





   3





 2





   1





-





A = 100, - 





A = 100, -





A = 100, - 





A = 100, -





   500, - 





   292, - -





5 % = r





+





   1





 0





     5





    4





   3





 2





-





     100, - 





     150, - 





   200, - 





 250, - 





FV= ?





+





12 % = r





 0





 4





   1





     2





     3





-





 PV = 800, -





FV= 1,259, -





+





12 % = r





 0





 4





   1





    2





    3





-





 PV = ?





+





 FV = ?





8 % = r





 0





 5





 3





  2





 1





   4





-





 A = 5000, -





 PV = 10,000





 FV = 52,548, -





+





8 % = i





 0





 5





 3





  2





 1





   4





-





 PV = 10,000





 A = ?





+





 FV = 


52,648,-





? % = i





 3





   4





 5





 0





  2





 1





-





 A = 5000, -





 PV = 10,000,-





 t = ?





8 % = r





 FV = 


52,648,-





+





 5





   4





 6





0





 3





 1





  2





-





 A = 5000, -





 PV = 10,000,-





3000





   2500 





  1500 





   2000 





7 % = r





+





 1000 





 0





    1





     5 





     3





 2





    4





-





 PV = ?








14

