Model Answers to the “Pre-mid-term” Questions
1.
Kim Gil Dong manufactures and sells jade carvings.  He owns a computer-controlled mill, used to cut fine detail into the jade pieces, which is essential to his business.  Five years ago it cost him  $150 000.  Three years ago he was considering selling the business, and collected competitive bids for the mill.  Based on the bids he received, he concluded that its market value at that time was about $108 000.  Now he has just solicited a new round of bids, and their average value is $66 500. Based on this information, what would be a reasonable estimate for the value of the machine four years from now?

The simplest model for the decline in value of the mill is straight-line depreciation. But if this model were correct, and the mill had lost $42 800 in value over the first two years of its life, then after five years it would have lost $42 800 × 5/2 = $107 000 in value, leaving it worth $43 000. The current round of bids shows that it is worth significantly more than that, so the straight-line model cannot be correct.  

We next try to fit a declining balance model. If the mill loses a fraction 1-x of its value every year, then its value after N years will be  $150 000 xN. So a plot of log(Value(Year N)) against N should be a straight line with slope log(x). We construct such a plot in the figure below and note that it is a good approximation to a straight line, and that its slope is -0.162, corresponding to x=0.85. This implies a declining balance model, in which the current value drops by 15% each year.  So in four years time, Kim would expect the value to be $66 500 × 0.854, which is $34 713.
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2.
A Canadian company owns a machine that cost $26 000 ten years ago. A new machine is available that costs $11 000 and will save $2 000 per year. If the new machine is bought, the old machine can be sold for $8 000, and the new machine can itself be sold for $1 000 salvage five years hence. If the old machine is retained, it will be scrapped in five years, for no salvage value. The MARR for the company is 20%. Should the old machine be replaced now?  
The $26 000 cost of the old machine is a sunk cost, and thus irrelevant to the analysis.  

The present cost of switching to the new machine is 

PC
= 11 000 – 8 000 – 1 000(P/F,0.2,5) – 2 000(P/A,0.2,5)

= 3 000 – 1 000(0.4019) -2 000(2.9906)

= -3 383

Thus, the company will save $3 383 by replacing the old machine. So they should do it.

3.
A British industrial robot has a current salvage value of £10 000. Its remaining physical life is four years. If it is continued in service, it will result in the operating savings for each year shown in the table below; the salvage values at the end of each year are also shown. If the firm owning the robot has an MARR of 15%, when should the equipment be retired from service? 
	Year
	Operating savings in Year
	Salvage Value at End of Year

	1
	£5 000
	£6 000

	2
	£4 000
	£4 000

	3
	£3 000
	£2 000

	4
	£2 000
	0


Retiring the machine now has a present value of £10 000.

Retiring it in a year’s time has a present value of:

 PV1
= (5 000+6 000)(P/F,0.15,1) = 11 000(0.8696) = £9 566

Retiring it in two years time has a present value of:

PV2
= 5 000(P/F,0.15,1) + (4 000+4 000)(P/F,0.15,2)

 = 5 000(0.8696) + 8 000(0.7561) = £10 397

Retiring it in three years has a present value of:

PV3
= 5 000(P/F,0.15,1) + 4 000(P/F,0.15,2) + (3 000+2 000) (P/F,0.15,3)

 
= 5 000(0.8696) + 4 000(0.7561)  +5 000(0.6575) = £10 660

And waiting until the end of the fourth year has a present value of:

PV4
= 5 000(P/F,0.15,1) + 4 000(P/F,0.15,2) + 3 000(P/F,0.15,3) + 2 000(P/F,0.15,4)

 = 5 000(0.8696) + 4 000(0.7561)  + 3 000(0.6575) + 2 000(0.5717) = £10 488

We conclude that the machine should be retired at the end of the third year.

4. 

I take out a $100,000 mortgage on a warehouse, at 5% annual interest,

to be paid back over 5 years. What is my annual payment?
How much of my payment in the second year is interest, and how much is repayment of principal?

(This will turn out to be important when we come to look at taxes.)
My annual payment is 100,000(A/P,0.05,5) = $23,097
At the end of year 1, I owe 100,000 * 0.05 = $5,000 in interest, so I repay (23,097-5,000) =18,097 of the principal.

So at the beginning of Year 2, I still owe 100,000-18,097 = $81,903.

The interest on this during Year 2 is 81,903 * 0.05 = $4,095, so I repay (23,097-4,095) =$19,002 of the principal

5.
(From APEGBC Exam, May 2003, #1)
Northern Mining Company plans to develop a new copper mine in New Caledonia. 

The anticipated cash flow for this project is given below:
	End of Year
	0
	1
	2
	3
	4
	5

	Cash Flow ($M)
	-12
	3
	3
	5
	5
	X


The MARR for the company is y. Determine:

a) PV of cashflow if X=6 and y= 12%, quarterly compounding

b) The value of X if the future value of the cashflow (Year 5) is $3.9M and y = 12%

annual compounding
c) The payback period if X = 9

d) The internal rate of return if X=5

e) The external rate of return if X=5 and y=10% annual compounding

a) If X=6 and the nominal annual interest rate is 12%, compounded quarterly, then the effective quarterly interest rate is 3%.

Using this interest rate we write:

PV 
= -12 + 3(P/F,0.03,4) + 3(P/F,0.03,8) + 5(P/F,0.03,12) + 5(P/F,0.03,16) + 6(P/F,0.03,20) 


= -12 + 3(0.8885+0.7664) + 5(0.7014+0.6232) + 6(0.554)

=$2,911,700

b) We write down an equation for future value:
FV = -12(F/P,0.12,5)+3((F/P,0.12,4)+(F/P,0.12,3))+5((F/P,0.12,2)+(F/P,0.12,1))+X=3.9

So X = 3.9 + 12(1.762) – 3(1.575+1.405) – 5(1.254+1.120) = $4,234,000
c) After 3 years, the project is $1 million dollars in the red; after 4 years, it is $4 million in the black. So the payback period is 3.2 years.
d) The internal rate of return is the solution to the equation
PV = -12 + 3(P/A,i,2) +5(P/A,i,3)(P/F,i,2) = 0

By trial and error, this gives an IRR of about 19%
e) If X = 5 and y=10%, then the external rate of return is given by the solution to

FW = -12(F/P,ERR,5)+3((F/P,0.1,4)+(F/P,0.1,3))+5((F/P,0.1,2)+(F/P,0.1,1)+1)=0

From which we get that (F/P,ERR,5) =( 3(1.464 + 1.331) +5(1.21+1.1+1))/12 =2.0779
Implying that ERR = 15.75%
