
Wilfrid W. Csaplar Jr., Ph.D.               Economics 305                  Exam #3                    2020/4/1

1) (10 points each) Answer THREE of the following assuming that 

A) AT-3B = 

B) ð = pTq - wTz =

C) CTB =

D) B - 2A = 

E) 10P - 2Q = 

2) (12 points) Solve the system of equations r = 10 -
Y/100 and r = 2 + Y/700 by EITHER graphing OR
substitution and elimination.  
For graphing, we can find the two intercepts of the r =
10 -Y/100 by setting each variable to 0.  So the r
intercept is 10 and the Y intercept is 1000 because 10-
1000/100 =0.  For the other line we start with Y =0
and get r = 2.  Then we go to Y=1000 and get r is
3+3/7.  Connect those lines.  It looks like r is about 3
and Y is about 700.  The exact numbers we get below.

Setting r=r we get 10-Y/100 = 2+Y/700.  Personally, I
would multiply both sides by 700 to get rid of the
fractions, but none of you did that.  So, subtract 2 from both sides and add Y/100 to both sides.  We get 
8 = Y/100 + Y/700 = 7Y/700 + Y/700 = 8Y/700.  (You need common denominator before you add them.) 
Divide both sides by 8 and multiply both sides by 700 gives 700 = Y.  Substitute that into the two
equations gives r = 10 -700/100 = 10-7 = 3 and r = 2 +700/700 = 2+1 -3.

3) (12 points) Answer EITHER Part A OR Part B.



A) Prove the trace(AB) = trace(BA) if A = [4   2   5] and BT = [1   3   -1].

AB= .  So, its trace is 5.  BA = . 

So the trace is 4+6-5=5.

B) Prove  is idempotent. That means A2=A.  Since the only error any of you made was saying

that you took the square root of the matrix (which is impossible), I will not spend the time typing the
answer.

4) (14 points) Answer EITHER Part OR Part B.
A) Suppose 70% of people in Bethany stay in Bethany and the rest move to Pittsburgh.  90% of
Pittsburghers stay there and the rest move here.  Setup the migration matrix.  If 100 start in Bethany and
1000 start in Pittsburgh, then how many will be in each location in a year.  Use matrix multiplication to
find the answer.
It is easiest to put the places in alphabetical order.  However, the order is irrelevant providing that the
column and the row are in the same order.  Going down a column must total to 1 because that means
100% of the people who started in that city.  So the matrix multiplication is:

.  So 170 end in Bethany and 930 in Pittsburgh.  You must

have [] around the first matrix otherwise it is not a matrix.  Your answer needs to have the + signs
otherwise you have a 2x2 matrix.
B) Suppose $1 of food uses 20¢ of food (to feed the workers) and 10¢ of energy to make. $1 of energy
uses 5¢ of food and 15¢ of energy to make.  Write the Leontief input-output matrix.  If we want 200 units
of food and 100 units of energy, use matrix multiplication to find out how much of each gets used up in
the process.
This question is important for some stuff we will be doing in 9.4 on 4/8.  The columns represent the
resources used in making the product at the top of the column and the rows represent what is used.  Since
alphabetical order helps you to remember, I will put energy first and food second.  Since energy uses $.15
of energy and $.05 of food, the first column is .15 and .05.  Similarly the second column is .1 and .2. 

Then we multiply.  This gives us 

5) (14 points) Set up EITHER the equations in Part A OR the equations in Part B as an partitioned
matrix.  Use row operations to get it into reduced row-echelon form to solve for X & Y.
A) 3X - Y = 11       -X + Y = -1 When you write it with the letters, do not put braces around it.

First I swapped rows including the third column.  Then I added 3 times the first row to the second.  Then
I divided the second row by 2 and subtracted it from the row above it.  This gives -X=-5, so X=5 and
Y=4.  Row-echelon form means each row going down has more zeros at the start of the row than the row
above it.  Reduced row echelon form means there is only one non-zero in each row to the left of the
partition.
B) 2X - Y = 7          X + Y = 8



First I swapped rows including the third column.  Then I added 2 times the first row to the second.  Then
I divided the second row by -3 and then subtracted it from the row above it.  This gives X=5, and Y=3.  
Row-echelon form means each row going down has more zeros at the start of the row than the row above
it.  Reduced row echelon form means there is only one non-zero in each row to the left of the partition.

6) (18 points) For EITHER Part A OR Part B, set up the equations as a partitioned matrix.  Use row
operations to solve for X, Y, Z.
A) Y + 3Z = 7        X + Y + Z = 2       2X + 3Y + 5Z = 11
Given the first equation has no X, it is not a good one to put in the first row.  The coefficient on X in the
second row is 1, which works well.  The 2 in the third equation is not bad, but 1 is better.  You can
always switch rows later (like in Question #5) if you did not do what I did.  So this gives us:

I took -2 times the first row and add it to the third row.  In the second step, I subtracted the second row
from the first row and I subtracted the second row from the third row.  The row of all zeros indicates
there is an infinite number of answers.  So Z = Z.  The top equation says X - 2Z = -5, so X = 2Z-5. 
Similarly, the third equation says Y + 3Z = 7, so Y = 7-3Z.  So the answer vector is the last matrix.
B) Y - Z = 3           X + Y + 2Z = 2      3X + 4Y + 5 Z = 6
Given the first equation has no X, it is not a good one to put in the first row.  The coefficient on X in the
second row is 1, which works well.  The 2 in the third equation is not bad, but 1 is better.  You can
always switch rows later (like in Question #5) if you did not do what I did.  So this gives us: 

I took -3 times the first row and add it to the third row.  In the second step, I subtracted the second row
from the first row and I subtracted the second row from the third row.  The row of all zeros then -3 means
0X + 0Y + 0Z = -3. That is impossible because 0 = -3.  So, it was inconsistent and there is no answer.

The following are actual songs by the band Deliverance.  One is about food.  One is definitely not about
food.  I have no idea what the third one is about.  Which one is which?

Creamed Chip Beef is about the food.  It is a recipe.

Cheeseburger Maker Du is about what? There is a tiny bit of music then a guy yells “Cheesburger Maker
Du!” and after a second, a woman asks, “That’s the end?”  The whole song is 8 seconds long. 
(Interestingly, it is much longer than the shortest song I have.  I have a song which my computer thinks is
3 seconds long, but 2 seconds of it is silence.  It is called, “Wink of an Eye” by The Lead.  They describe
it as a half second long song.  Believe it or not, there is music then lyrics then the time shifts to 1 second. 
The lyrics are appropriately “Wink of an Eye” but they are said so fast, it is hard to tell what he said even
knowing what he says.)

Purgatory Sandwich With Mustard.  This song says the concept of purgatory is boloney.  So, it is not
about the food.

(Why are you doing a zero point question on April Fools' day?)


