INTRODUCTORY MATHEMATICAL ECONOMICS

Questions | 168
Field | Economics
Target Audience | Economics and Commerce
Target Level | Second-year Undergraduate
Topics | = Rules of Differentiation = Matrix Operations
= First Order Differential Equations = Types of Matrices
= Higher Order Derivatives = Determinants and Inverses
= Optimization in One Variable = Partial Differentiation
= Second Order Conditions for = Second Order Partial Derivatives
Optimization = Multivariate Optimization
= Systems of Linear Equations = Second Order Conditions for
= Optimization with Direct Multivariate Optimization
Restrictions on Variables = Multivariate Optimization with
= Over Determined and Under Direct Restrictions of Variables
Determined Systems = Constrained Optimization and the
= Matrix Representation of Systems Lagrangean Method
= Gauss Jordan = Second Order Conditions for
Constrained Optimization

Outline

The material in this module is designed to cover a single-semester course in mathematical economics
for economics and commerce students at the second-year university level. The questions are
designed to span the topics listed above, allowing for practice, homework or testing throughout the
semester.

The vast majority of the questions are algorithmic and take numeric or algebraic responses.
Dynamically labelled diagrams are included where appropriate. Information fields are included on all
guestions indicating topics and difficulty level.

The module was first implemented in Winter 2012 at the University of Guelph and subsequently used
in Summer 2012 for the distance education version of the course, and has seen a several rounds of
updates.

For the on campus format, the questions were used in weekly assignments that were open for
unlimited practice in the first half of the week, and in the second half the graded version was opened
and students were given the best out of five attempts. In the distance format, there were fewer
assignments with more questions and with more time given for both the practice portion and for the
graded version.

Sample homework assignments are provided, spanning the course material. The included Maple TA

Syntax Sheet was provided to the students in the course offerings and covers many common student
response situations.

Contact Info: Asha Sadanand, asadanan@uoguelph.ca, 519-824-4120 x58947
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MAPLE TA SYNTAX SHEET

Expression Entry Syntax
Xy Xy
v y
b XNy
;T a/(b*c) (although it will accept a/b/c)
Jx sgrt(x) or x*(1/2) (do not use x"0.5)
x% s XN2/3)
Y abs(x)
Inx) In(x)
log, ) log[n](x)
g exp(x)
E: e or exp(1)
o pi or Pi
ca infinity

sin(x)"2 or (sin(x))"2

Notes

Maple TA likes to make the following substitutions when displaying equations

Simple Form

Maple TA Will Show

sec(x)"2 1+tan(x)"2
csc(x)"2 1+cot(x)"2
sec(x)*tan(x) sin(x)/cos(x)"2

csc(x)*cot(x)

cos(x)/sin(x)"2
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Assignment 1: Algebra and Calculus Review

Question 1: Score 1/1

The expression 4 X ¥ {% + 4 F] simplifies to V
Correct
Your Answer: 28 ¥+ lﬁX}’z

Comment: In general, A8 + C)=48 + AT

Question 2: Score 1/1

Differentiate the following function with respect to X:

5
Fog=el-4%°-3)

oF

—— = -8*X*exp(-4*X" 2-3) (100%
e p( ) (100%)

Comment:

In general, ieﬂ’ﬂ = gﬂx]- _dl[f(x]] .
dx dx

The derivative is:

LAl -EX{:‘(
G

-454.3)

v

Correct

Question 3: Score 1/1

XY+ 16Xt V
The expression simplifies to
8 Y Correct
Your Answer: 2
X
B+ 22—
¥
Comment:
A+EB A4 g
In general, =— 4 —.
i i i



Question 4: Score 1/1

All the items matched correctly. V
Correct
Match Your Choice Vl,u'r X
(f2(a) + in(d) + In(c)) d Iﬂ[adﬁndcd] v
il (a+ &+ c)9) (nla + &+ ¢) wd) v
mila+ 54+ ¢)d) Imla+ b+ )+ inld) v
Comment:

In general, Inf4F) = In(4) + In(%) and ]n{ﬂB] = B ln4) .

Question 5: Score 1/1

Differentiate the following function with respect to X:
FX)=3-5X-8X° X
E =-5-16*X-3*X"2 (100%)
ox
Comment:
The derivative is:

OF _ s 16x-3x°
8x

v

Correct

Question 6: Score 1/1

v

Correct

(4X7+0X2)

The expression 7 & is equal to

Your Answer: 2
714X (9.54)

Comment:
In general, €A€B=€A+B.



Question 7: Score 1/1

All the items matched correctly. “
Correct
Match Your Choice Vl,u'r X
;ﬂ[€[3+2] E[X-z]] 2 ¥ v
P T +2) n(E-2)) (X—?.][XJJ] v
(X+2)(X-2) | x%-4 v
Comment:

In general, eAeB=eA+Band é']'ncﬂ]=}1.

Question 8: Score 1/1

Differentiate the following function with respect to X :
Ax)=l(7x*- 35+ 5)

G
a = (14*X-8)/(7*X"2-8*X+5) (100%)

Comment:

In general, j—xhl[ﬂx]]= T dax
The derivative is:

BF _ 14X-3

0 7y 3x+5

v

Correct

Question 9: Score 1/1

Differentiate the following function with respect to X:

Fo=264°-9)

oF

—— = 12*X*exp(6*X"2-9) (100%
e xp( ) (100%)

Comment:

In general, iefm = eﬂx]- m .
dx dx

The derivative is:

2
OF axel6E-9)
ax

v

Correct



Question 10: Score 1/1

The expression & X (4 + 5 ¥ simplifies to “
Correct
Your Answer: 32 ¥ 4+ 40 X ¥

Comment:

In general, A8 + C)= A48 + AC .



Assignment 2: Differentiation Rules

Question 1: Score 1/1

Differentiate the following function with respect to X~ Differentiate the following function with respect to

ﬂXlz[-d}-?‘X-EXE-TXE]E ﬂXJ:[-4-7X-2X2-7X3]3

% = 3%(-4-7*X-2¥ XN 2-T*XN )N 2*(-7-4*X- % = 3%(-4-7*X-2* XN 2-T*XN )N 2*(-7-4*X-
21*X"2) (100%) 21*X"2)
Comment:

The derivative is:

%:3 (4-7x-25%-75%) (7-4x-21%7)

v

Correct

Question 2: Score 1/1

Differentiate the following function with respect to

Differentiate the following function with respect to
X X
-7TX+ 5 -TX+ 5
8+ X 94+ X
oF oF
T = -7/(9+XN2)-2*(-7*X+5)/(9+X"2)" 2*X e = -7/(9+XN2)-2*(-7*X+5)/(9+X"2)" 2*X
(100%)
Comment:

The derivative is:
B 7

_ L (TX+5) X
0 g4 y?

(3 + x2)°

v

Correct



Question 3: Score 1/1
Differentiate the following function with respect to X~ Differentiate the following function with respect to

(-2-22)

& e{'z'ﬂ]
Ax)= A= v
-dX-2X-46 -dX-2X-46
Correct
% = -2*X*exp(-2-X" 2)/(-2* X" 2-3*X-6)-exp(- % = -2*X*exp(-2-X"2)/(-2* X" 2-3*X-6)-

2-XN2)/(-2*XN 2-3*X-6)" 2*(-4*X-3) (100%) exp(-2-X1 2)/(-2* X" 2-3*X-6)" 2*(-4*X-3)

Comment:
fx fx
The derivative is:
2 2
oF xe 22 (2T g yog)
ox 2xt3x-6 0 (Lax?.ax-6)
Question 4: Score 1/1

Differentiate the following function with respect to Differentiate the following function with respect to

X X

= - -a-imlo + = - -a-delo+
6x°-8-Inl6 + 5.3 6X%-8-in(6+ 81 V

s B Correct
—— =-12*X-16*X/(6+8*X"2) (100%) —— =-12*X-16*X/(6+8*X"2)

ot oY

Comment:

In general, j—xhl[f{x]]= L d/x) .

Ax) dx
The derivative is:
of X
—=-12X-14
G

6+ 8=



Question 5: Score 1/1

Differentiate the following function with respect to

Differentiate the following function with respect to
X A
AX)=(4X~+ 3) In(-1 + 5X) AX)=(4X+ 3)In(-1 + 5X) .’
% = 4*In(-1+5*X)+5*(4*X+3)/(-1+5*X) % = 45N (-1+5%X) +5*(4*X+3)/(-1+5*X) Correct
(100%)
Comment:

The derivative is:

o _

4X+3
oy SRl +5X0) 45

l+ 5K

Question 6: Score 1/1

Differentiate the following function with respect to

Differentiate the following function with respect to
X X
8+ X i+ X
A= =22 )= =22 v
-4 K+ 1 -4 A+

B B Correct
E = 1/(-4*XN2+1)+8*(8+X)/(-4* X" 2+1)" 2*X ﬁ = 1/(-4*XN2+1)+8*(8+X)/(-4* X" 2+1)N 2*X
(100%)

Comment:

The derivative is:
oF 1

BF (3+ X)X
0 ax?4

(cax?+1)

+ &




Question 7: Score 1/1

Differentiate the following function with respect to

Differentiate the following function with respect to
X X
2 2
)=t 23 4 (s + 5 x7) A= 225-3) 4 (s 4 5.52)
oF oF
I = -4*X*exp(-2*X" 2-3)+16*X/(8+8*X"2) o = -4*X*exp(-2*X" 2-3)+16*X/(8+8*X" 2)
(100%)
Comment:
™) %) d 1 dAx)
I |, ———= efm- ——— and — = S
n genera I o an i lnd #1x)) T dx

The derivative is:
oF (-2x2.3) X
—=-4X% + 16 ————
B ¢

v

Correct

Question 8: Score 1/1
Differentiate the following function with respect to X Differentiate the following function with respect to
X
2
Ax)= (7x2+5) e 19F)

= 2 (-1-5%2)
L47Xrexp(-L-5* XA 2)-10- (T XA 245 Xrexp(-1- ) (7x%+5)e .

5*XA2) (100%) 14*X*exp (-1-5*X 2)-10%(7*XA 2+5)*X*exp (-
1-5*X"2)

Comment:

In general, d[c;—e’;m] = eﬂX}- % .

The derivative is:

2 2
%: 14 72138 1p (702 4 5) x5 E)

v

Correct



Question 9: Score 1/1

Differentiate the following function with respect to Differentiate the following function with respect to

X X
AX)=2X 44X +3X°-5X+7 AX)=2X " +4X +3X°-55+7 V
B B Correct
O *XNA3+12%XA 2+6*X-5 (100%) O g"XA3+12+XA2+6"X-5
ax 8x
Comment:

The derivative is:

OF eyt s zxi46x-s
8x

Question 10: Score 1/1

Differentiate the following function with respect to X : ~ Differentiate the following function with respect to

)= n(2-2x%)

7 n(2-2x7)
IX4 47 Az eld- 2 )
IXC 47 P

O AXI(2-2°XN2)I(3XN2+7)-6%In (2- a7 Correct
oX —— = -4FX)(2-2*X1 2)/(3*XN 2+7)-6%In (2-
25XA2)/(3*XA2+T7)A2*X (100%) 4
25X 2)I(3*XN 2+T)N 2*X
Comment:
The derivative is:
oF X m(2-2x%) x
Fya 2 2 -8 z
ax (2-2x)) 3x°+7)  (3x%+7)




Assignment 3: Optimization, Cost Functions

Question 1: Score 1/1

Your response

A competitive firm faces a price of 136 and a total

cost function of TC= "7 qz +h6g+ 5.

What is this firm's marginal cost function?
MC(q)= 14*q+6 (50%)

What quantity should this firm produce?

Leave your answer in fraction form (if necessary).
g= 65/7 (50%)

Comment:

Correct response

A competitive firm faces a price of 136 and a total

cost function of TC="7 qz + g+ 5.

What is this firm's marginal cost function?
MC(q)= 14*q+6

What quantity should this firm produce?

Leave your answer in fraction form (if necessary).
g=65/7

The marginal cost is the derivative of 7 qz + f6g + 5, whichis 14 g + .

Setting P=MC, and solving for q, gives q=65/7.

Question 2: Score 1/1

Your response

If Inverse Demand is P=2 — 0.13 ' what is the
formula for the price-elasticity of demand? (Round

to two decimals.)

£(F)=-7.69*P/(15.38-7.69*P) (33%)

If the price is 1.2, what is the elasticity? (Round to
the nearest quarter.)

£(I 2)=1.5 (33%)

Therefore when the price is 1.2, demand is
Elastic (33%)

Comment:

F
Remember, 2 = — —— .

Question 3: Score 1/1
Your response

Given the following function:

AX)= 87+ 39X° + 86X

Given the above first order condition, what is the
value of the critical point?

Xerit = -43/89 (100%)

Comment:

Please provide a single numerical response per answer field. To account for a small amount of rounding, there is a range of values

Correct response

If Inverse Demand is P=2 — 0.13 &' what is the
formula for the price-elasticity of demand? (Round
to two decimals.)

£(P) = -7.69*P/(15.38-7.69*P)

If the price is 1.2, what is the elasticity? (Round to
the nearest quarter.)

€(1.2)=15

Therefore when the price is 1.2, demand is
Elastic

Correct response

Given the following function:

FX)= 87+ 89X + 86X

Given the above first order condition, what is the
value of the critical point?

Xerit = -43/89

around the correct answer that will be awarded full marks.

v

Correct

v

Correct

v

Correct



Question 4: Score 1/1

Your response Correct response

Given the following function: Given the following function:

FX)= 6+ 67X%-80% FX)= 6+ 67X°-80%
Find the first order condition for optimizing this Find the first order condition for optimizing this
function: function:

dF dF

—— = 134*X-80 (20%) = 0 (20%) —— = 134*X-80=0

X dd”
Given the above first order condition, what is the Given the above first order condition, what is the
value of the critical point? value of the critical point? s
Xerit = 40/67 (20%) Xerit = 40/67
What is the second derivative of F[X] with respect What is the second derivative of F(X] with respect Correct
to X 2 to X ?

2 2

d—i = 134 (20%) d_;Z' = 134

X dar
Given the above second derivative, is the critical Given the above second derivative, is the critical
point a maximum, minimum or is it indeterminate?  point a maximum, minimum or is it indeterminate?

Xcritis amin (20%) Xeritis amin

Comment:

Please provide a single numerical response per answer field. To account for a small amount of rounding, there is a range of values
around the correct answer that will be awarded full marks.

Question 5: Score 1/1
Your response Correct response

A perfectly competitive firm faces a price of P=13 A perfectly competitive firm faces a price of P=13

and has a total cost function of C= 3 qu + Tg. and has a total cost function of C= 3 qz + 7.
What quantity should the firm produce? What quantity should the firm produce? “
(Round answer to two decimal places if necessary. (Round answer to two decimal places if necessary. Correct
For example, 1.6666 becomes 1.67.) For example, 1.6666 becomes 1.67.)
g=1.00 (100%) g=1.00

Comment:

Please provide a single numerical response per answer field. To account for a small amount of rounding, there is a range of values
around the correct answer that will be awarded full marks.

If the price is low enough, the firm can't find a positive quantity that equates marginal cost and price. Therefore when this happens,
the firm is best to produce zero quantity.



Question 6: Score 1/1
Your response Correct response
A perfectly competitive firm faces a price of P=16 A perfectly competitive firm faces a price of P=16
and has a total cost function of C= and has a total cost function of C=
ig? 4 3g+ 17, 298 +3g+ 17,

What quantity should the firm produce in the short ~ What quantity should the firm produce in the short
run? Remember that this means the firm still needs run? Remember that this means the firm still needs

to pay the fixed part of its cost function. to pay the fixed part of its cost function.
(Round answer to two decimal places if necessary. (Round answer to two decimal places if necessary. “
For example, 1.6666 becomes 1.67.) For example, 1.6666 becomes 1.67.) Correct
g SR= 3.25 (50%) g SR=3.25
What quantity should the firm produce in the long What quantity should the firm produce in the long
run? run?
(Round to two decimal places.) (Round to two decimal places.)
g LR=3.25 (50%) g LR=3.25
Comment:

Please provide a single numerical response per answer field. To account for a small amount of rounding, there is a range of values
around the correct answer that will be awarded full marks.

Question 7: Score 1/1

Your response Correct response

If Demand is Q= 12 — 2 P, what is the formula If Demand is Q= 12 — 2 . what is the formula

for the price-elasticity of demand? for the price-elasticity of demand?
£ (F)= 2.0*P/(12-2*P) (33%) £(F)=2.0*P/(12-2*P)
If the price is 2, what is the elasticity? (Round to If the price is 2, what is the elasticity? (Round to “
the nearest quarter.) the nearest quarter.)
Correct
£(2)=0.5(33%) £(2)=05
Therefore when the price is 2, demand is Therefore when the price is 2, demand is
Inelastic (33%) Inelastic
Comment:

F
Remember, 2 = — —— .



Question 8: Score 1/1

Your response Correct response

Given the following function:

AX)= 93-31X%-19%

What is the value of the critical point for this
function?

Xerit= -19/62 (50%)

Is this critical point a maximum, minimum or is it
indeterminate?

Given the following function:

AX)= 93-31X%-19%

What is the value of the critical point for this
function?

Xerit= -19/62

Is this critical point a maximum, minimum or is it
indeterminate?

v

Correct

Xcritis a max (50%) Xeritis amax

Comment:

Please provide a single numerical response per answer field. To account for a small amount of rounding, there is a range of values
around the correct answer that will be awarded full marks.

Question 9: Score 1/1

Your response Correct response

To find the extrema of the function F(X] we
differentiate and set the derivative to zero,
AX)=10.Then we check the second order
condition which for a minimum is that F"(X)>0 is
a sufficient condition.

To find the extrema of the function F(X:l we
differentiate and set the derivative to zero,
FAX)=0. Then we check the second order
condition which for a minimum is that F"'(X)>0
(50%) is a sufficient (50%) condition.

v

Correct

Comment:

Question 10: Score 1/1

Your response Correct response

A perfectly competitive firm faces a price of P=9
and has a total cost function of C=

2q2+2g+ 15,

A perfectly competitive firm faces a price of P=9
and has a total cost function of C=

2g2+2q+ 15,

What quantity should the firm produce in the short
run? Remember that this means the firm still needs
to pay the fixed part of its cost function.

(Round answer to two decimal places if necessary.
For example, 1.6666 becomes 1.67.)

q SR= 1.75 (50%)

What quantity should the firm produce in the long
run? (If now the firm has the option of shutting
down and paying no cost.)

(Round to two decimal places.)
g LR= 0.0 (50%)

Comment:

In the short run, it may still be profitable for the firm to produce some quantity even though it is making negative profit. This is

because its only alternative is to make -15.

However, if the price is so low that the firm cannot even equate MC=P, it is optimal for the firm to produce zero in both the short run

and the long run.

What quantity should the firm produce in the short
run? Remember that this means the firm still needs
to pay the fixed part of its cost function.

(Round answer to two decimal places if necessary.
For example, 1.6666 becomes 1.67.)

qSR=1.75

What quantity should the firm produce in the long
run? (If now the firm has the option of shutting
down and paying no cost.)

(Round to two decimal places.)
gLR=0.0

v

Correct



Assignment 4. Systems of Equations and Matrices

Question 1: Score 1/1

Your response

Rearrange the following system of equations to be
inthe form @& x + & ¥ + ¢ z = cansiant  where
a =0,

3y+idx+2z=9

l+4=z=-10x-2y

dx+dy-Tz=10

(If the coefficient is zero, enter 0. If the coefficient
is one, enter 1. Enter all other numbers normally.)

8 (8%) x+ 3 (8%) y+ 2 (8%) z=9 (8%)
10 (8%) x+ 2 (8%) y+ 4 (8%) z=1 (8%)
2 (8%) x+ 6 (8%) y+ -7 (8%) z= 10 (8%)

Comment:

The rearranged system looks like this:
sx+3y+2z=9
I0x+2y+4=z=1
dx+dy-Tz=10

Question 2: Score 1/1

Correct response

Rearrange the following system of equations to be
inthe form @& ¥ + & ¥ + ¢ z = camstant | where
a =0,

Jy+iEx+2z=18
l+4z=-10x-2y
dx+dy-Tz=10

(If the coefficient is zero, enter 0. If the coefficient
is one, enter 1. Enter all other numbers normally.)

8x+3y+22z=9
10x+2y+4z=1
2x+6y+-7z=10

v

Correct

Give the coefficient matrix of the following system. Use the order X, ¥, 7 .

S5Z-5X4+7T7Y =4
-2E-al¥ =-]
STY+ 33X+ 2 =1

Your Answer:

-5 7 5

oD —a —12

i =7 1
Correct Answer: 57 5

0 -6 -2

3 -7

Comment:

v

Correct

Make sure you enter the coefficients in the order X, ¥, £ in each row of the matrix. Don't forget the sign.



Question 3: Score 1/1

The following system of equations
Jx+4y=6
8 ¥ + 6x=4

v

Correct

Your Answer: has no solution
Correct Answer: has no solution
Comment:

In general, if you encounter a contradiction (eg. = 1) then there is no solution.

Question 4: Score 1/1
Your response

Consider the following system of equations:
G+ 3F=10
AN+ F+Aa24+5=10

2+ 3F+4Z4+1=1

Choose the answer that correctly describes the
system

The system has an infinite number of
solutions. (25%) .

Give the solutions for the system, if they exist.

If there is no solution type "no solution" (without
quotes) in each case.

If there are many solutions, for a two parameter
solution type ¥inthe ¥= boxand Zinthe £ =
box, and then give X in terms of ¥and £ ;

For a one parameter solution type £ in the £ =
box and then give X and ¥in terms of £ .

X = 2+42*Z 25%), ¥'= 1 (25%),and £= z
(25%)

Comment:

This system has multiple solutions with one parameter. This can be seen using a variety of methods. One method is to form the 3x4

matrix of coefficients.

03073
3168 -5
-2 34 -]

1o-232
o101
 0ooao

Now the answers can be simply read from the matrix.

Correct response

Consider the following system of equations:
G4+ 3F=10
A X+ F4+aZ4+5=10

SZX+3F¥+4Z4+1=10

Choose the answer that correctly describes the
system

The system has an infinite number of
solutions. .

Give the solutions for the system, if they exist.

If there is no solution type "no solution" (without
quotes) in each case.

If there are many solutions, for a two parameter
solution type ¥inthe ¥'= boxand Zinthe £ =

v

Correct

box, and then give X in terms of ¥and & ;

For a one parameter solution type £ in the & =
box and then give X and ¥in terms of £ .

X=2+2%7 F=1 and 2= 2

Then apply elementary row operation until the row echelon form is achieved.



Question 5: Score 1/1

The following system of equations

v

Sx+4y=8
By +10x=2 Correct
Your has no solution
Answer:
Correct has no solution
Answer:
Comment:

right hand side of the first equation.

Question 6: Score 1/1
Your response

Consider the following system of equations:
S2A+11-3F+32=0
-S2A+31-2F-2=1
¥F-8=10

Choose the answer that correctly describes the

system

The system has a unique solution (25%) .

Give the solutions for the system, if they exist.

If there is no solution type "no solution" (without
quotes) in each case.

Correct response

Consider the following system of equations:
2+ 1L-3F+32=10
2+ 31-2F-2=10
F-g=10
Choose the answer that correctly describes the
system
The system has a unique solution .

Give the solutions for the system, if they exist.

If there is no solution type "no solution" (without
guotes) in each case.

This system of equations has no solutions because looking at the left hand sides of the two equations the second is two
times the first; however, looking at the right hand sides the second equation has 2 which is certainly not two times 8, the

v

Correct
If there are many solutions, for a two parameter If there are many solutions, for a two parameter
solution type ¥inthe ¥'= boxand Zinthe £=  solution type Yinthe ¥'= boxand Zinthe £ =
box, and then give X in terms of ¥and £ . box, and then give X in terms of ¥and Z .
For one parameter solutions type & in the £ = For one parameter solutions type & in the £ =
box and then give X and ¥in terms of £ . box and then give X and ¥in terms of £ .
X=4025%), Y= 8025%),and 2=725%) X=4, F=8 andZ=7
Comment:
There are various ways to solve this question.
™
-4 -3 03 -11
One way is to take the matrix of coefficients | -2 -2 -1 | and combine it with the column of constants | -3] |, to form a 3x4
010 &
1004
matrix. Then use elementary row operations to reduce the matrix to its Row Echelon Form 010 & |.Nowwecan justread
oo17

the solutions from the matrix: X = 4, ¥= 8,and £ = 7.



Question 7: Score 1/1

A system of equations can be written in the matrix form Ax = &. Give the coefficient matrix of the following

system. Use the order X Ry Xy
21r2+x1=1+3x3

dxg+Tx =x,+4

Your Answer: r q 7 _ 3
T -1 2

Correct Answer: rl 7 .3
7o-1 2

Comment:

v

Correct

Question 8: Score 1/1

xl
Solve for %5 Solve for
3
oo -2} ™ 4 00
1 -1 -3 Ky |=] -5 1 -1
32 -3 %y 33 2302
gl — 5 |
xz = f (100%) xz =
% -2 %
Comment:
-5
x=| &

v

Correct



Question 9: Score 1/1

Your response

x
Solve for
2
[4 -m] xy _[mn]
4 7 X -36
| 5
= (100%)
Xy — 8
Comment:

)

X=

5]

Question 10: Score 1/1

Your response

Translate the following system of equations into a

x 1]

Matrix A , where 4-| y [=| 0 | equals the

z 0
system of equations.
-fx+E8y-6z=10
Sx+5y-8z=10
ex+4y+ 10=z=10

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select

the appropriate size of matrix.)

— 68 —4&
A=| a 5 —3]|(100%)
8 4 10

Comment:

Make sure you enter the coefficients in the order &, ¥, Z in each row of the matrix. Don't forget the sign.

Solve for
4 -10
4 7
Xy )
3

X

i

Correct response

1| [ 100
XE '36

5
— 3

Correct response

Translate the following system of equations into a

x 1]

Matrix 4 , where 4-|y [=| 0| equals the

z 1]

system of equations.

-fx+8y-6z=10
Sx+5y-8z=10
gx+4y+ 10=z=0

— 8 &

5
4

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with

a square made out of 9 smaller squares and select
the appropriate size of matrix.)

—
— &
10

v

Correct

v

Correct



Assignment 5: Matrix Properties

Question 1: Score 1/1

Consider the following matrix.

1 oo
0 -6 6
o -7 7
Choose all the terms that apply to this matrix.
‘ Choice ‘Selected ‘ ./fx ‘Pomts
| diagonal matrix ‘ No ‘ ‘
| zero matrix ’ ’ ’
‘ idempotent ‘ Yes ‘ V' ‘ “
| symmetric ‘ No ‘ ‘ corree!
|negative definite ‘ No ‘ ‘
|identity ‘ No ‘ ‘
| positive definite ‘ No ‘ ‘
| invertible ‘ No ‘ ‘
| indefinite ‘ No ‘ ‘
| triangular ‘ No ‘ ‘
|fu|| rank ‘ No ‘ ‘

Number of available correct choices: 1
Partial Grading Explained

Comment:

Question 2: Score 1/1

Suppose A and £ are two non-singular matrices. Suppose 4 and B are two non-singular V
(4 'BJTis equal to 747 (100%) matrices. (4 'B]Tis equal to gT.47 Correct

Comment:


http://localhost:8080/mapleta/

Question 3: Score 1/1
Your response

Calculate the following:

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select # * # and set the dimensions
yourself. )

2 -2 -1 -4 11 14
-2 1 1 -2 — 11 13
3 -5 =
4 2 -2 -5 —2 3l
4 -5 5 2 — 37 — 25
s £
(100%)
Comment:

2 -2 -1 -4 11 14
201 1 -2 -11 13
_5 =
-4 2 -2 -5 -2 031
4 -5 ) 5 2 37 235

Question 4: Score 1/1
Your response

Compute A times B.

203 ) 0z -2
A= B=

-1 -1 J 32 -1
(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select # * # and set the dimensions
yourself. )

9
AB= (100%)
—3 —43
Comment:
g 21
AB=

343

Correct response

Calculate the following:

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select # * # and set the dimensions
yourself. )

2 -2 -1 -4 11 14
201 1 -2 — 11 13
3 -5 =
-4 2 -2 -5 —2 3l
-4 -5 5 2 — 37 — 25
4 &

Correct response

Compute A times B.

23 02 -2
A= B=

-1 -1 32 -l
(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with

a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select # * # and set the dimensions
yourself. )

21
— 43

AB=
-3

v

Correct

v

Correct



Question 5: Score 1/1
Your response

Calculate the following:

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select # * # and set the dimensions
yourself. )

Correct response

Calculate the following:

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is
not shown, select # * # and set the dimensions
yourself. )

i34 -5 -1 2 -3 -1 i34 -5 1205341

4-32-2+ 3402: 4-3-2-2+ 34II|2: “
4011 5203 2 4011 5203 2 Correct
3403 -2 2 4 -30 34 03 -2 2 4 -3 10

4 £ £ £
2 5 1 —f 2 5 1 —f
T 01 =2 T 1 =2 1
(100%)

—12 4 3 —12 4 3

—10 0 — 2 —10 0 — 2
Comment:

i34 -5 -1 2 0531 2 51 -h

4-3-2-2+ i4 02 | 7120

4 011 5203 2 -1 24 3

3403 -2 2 4 -30 -1ono -2



Question 6: Score 1/1
Your response
Find AB.
3 -110 0
A=l -3 2 3 [B=| D
0 3 -3 -3

If the matrices do not conform, type DNC.

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select # #* # and set the dimensions
yourself. )

0
— 9 |(100%)
9

Note: Please enter the values exactly - ie. as
fractions or whole numbers, not as decimal
numbers.

Comment:
1]
AB=| .10
a

Question 7: Score 1/1

Your response

Suppose 4 and & are two non-singular matrices,
and their sum is also non-singular. (4 + F) -1 is
equaltold + B) L It cannat be simplifiad.

(100%)

Comment:

Correct response

Find AB.
i -1 0
A= -3 2 3 | B=| D
o 3 -3 -3

If the matrices do not conform, type DNC.

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

v

not shown, select # * # and set the dimensions Correct

yourself. )
0
-3
g

Note: Please enter the values exactly - ie. as
fractions or whole numbers, not as decimal
numbers.

Correct response

Suppose 4 and F are two non-singular matrices,

v

Correct

and their sum is also non-singular. (4 + F) -1 is

equaltold + F) U i cannot be simplified.



Question 8: Score 1/1

Consider the following matrix.

-2 -89 42
S72o-a0 72
g6 123 126

Choose all the terms that apply to this matrix.

[f x Points

Choice
indefinite
idempotent
zero matrix
identity
symmetric
positive definite
negative definite
full rank
triangular
diagonal matrix

invertible

Selected

Yes

No
No
No
No
No

No

Yes

No

No

Yes

v

v

Number of available correct choices: 3
Partial Grading Explained

Comment:

+1

Correct
+1
+1


http://localhost:8080/mapleta/

Question 9: Score 1/1

Your response Correct response
z 33 |M 0 ) 2 -3 3 1 0 )
3-101 1= -1l -3-1 01 X (=1 -11
2 1 -2 Xy 5 2 1 -2 Xy 5
Use Gauss Jordan to solve the above system of Use Gauss Jordan to solve the above system of
equations. You only need to transform your matrix ~ equations. You only need to transform your matrix
to the point where it looks like this: to the point where it looks like this:
1R ## (1 # # # ‘/
01 ## 01 # #
Correct
#HHRH # A H
(# means the values that result from row (# means the values that result from row
operations) operations)
1003 1003
01 0 5[(00%)Note: Your answer should be 0 1 0 5 |Note: Your answer should be a 3x4
oo1l3a oo1a3a
a 3x4 matrix. matrix.

Comment:

Note: There is no unique solution to this problem.

For this question we need to do row operations until we have zeros and ones in the required locations. This means that you can
interchange rows or add any multiple of a row to another row or multiply a row by a constant.

1003

If you were to solve the system completely, the solutonwouldbe | 0 1 0 &

onl3



Question 10: Score 1/1
Your response

Find the transpose of the following matrix:

61 f
A= 1354 7
i -7 -2

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select # * # and set the dimensions
yourself. )

[ f
AT=|1 4 —7|@oow
a -7 — 2

Comment:

Correct response

Find the transpose of the following matrix:

61 6
4= 1354 7
6 -7 -2

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select # * # and set the dimensions
yourself. )

I
T
A"=11 4 =7
6 —7 —2

v

Correct



Assignment 6: The Matrix Determinant and Inverse

Question 1: Score 1/1

Your response

What is the determinant of the following matrix?

Correct response

What is the determinant of the following matrix?

20 -3
A=| 20 -2
223

det(A)= 20 (50%)

What is the inverse of A?
(To enter your answer, right-click on the equation

editor, select

and then

bring up an empty matrix. Next, replace each letter

to

with your numeric answer, tabbing between cells.)

1 3
5 i
1 0 L |50%)
2 2
1 1
= -4
5 5

Note: Please enter the values exactly - ie. as
fractions or whole numbers, not as decimal

numbers.

Comment:

The determinant is 20.

1 -3
— =0
5 10
The inverse is L 1] L
2 2
-1 -1
— = 1
5 5

2 0 -3
A=l -2 0 -2

2203
det(A)= 20

What is the inverse of A?
(To enter your answer, right-click on the equation

editor, select

bring up an empty matrix. Next, replace each letter

and then

o W

Correct

with your numeric answer, tabbing between cells.)

1 3
5 T
1 1
2 2
1 1
- —=
5 5

Note: Please enter the values exactly - ie. as
fractions or whole numbers, not as decimal

numbers.



Question 2: Score 1/1
Your response

What is the determinant of the following matrix?
F0
8 7
&

det(A)=-49 (50%)

What is the inverse of A?

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is
not shown, select # * # and set the dimensions
yourself.)

1
— 10
7
(50%)

Note: Please enter the values exactly - ie. as
fractions or whole numbers, not as decimal
numbers.

Comment:

The determinant is -49.

1
—
=

The inverse is

o

e
m}
~1 )=

Correct response

What is the determinant of the following matrix?
70 W
g8 7
A
det(A)=-49

What is the inverse of A?

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select # * # and set the dimensions
yourself. )

1
— =1
-

R
49 7

Note: Please enter the values exactly - ie. as
fractions or whole numbers, not as decimal
numbers.

v

Correct



Question 3: Score 1/1
Your response

Julie is trying to make some bread and cake and
uses an input requirement matrix to help her figure

out how much she can make. An input requirement

matrix represents how many inputs are needed to
make one unit of different outputs. For example,
the following matrix:

Y

4 3
42J

says that it takes Julie 4 cups of flour and 4 cups of

sugar to make one loaf of bread. Similarly, it takes
her 3 cups of flour and 2 cups of sugar to make
one cake. (Julie is not a very good baker and
therefore doesn't know the proper ratios.)

If Julie has 42 units of flour and 36 units of
sugar, how much bread and cake can she make?

(Do not enter units.)
Cake= 6 (50%)
Bread= 6 (50%)

Comment:

The inverse of the input requirements matrix is:

13
2 4
1 -1
&
and
-1 N
7 3 . 42J: ]
1o 36 ]

s

Correct response

Julie is trying to make some bread and cake and
uses an input requirement matrix to help her figure
out how much she can make. An input requirement
matrix represents how many inputs are needed to
make one unit of different outputs. For example,
the following matrix:

43 )
4 7

says that it takes Julie 4 cups of flour and 4 cups of
sugar to make one loaf of bread. Similarly, it takes
her 3 cups of flour and 2 cups of sugar to make
one cake. (Julie is not a very good baker and
therefore doesn't know the proper ratios.)

If Julie has 42 units of flour and 36 units of
sugar, how much bread and cake can she make?

(Do not enter units.)
Cake=6
Bread= 6

Therefore the bakery can make 6 loaves of bread and 6 cakes.

Question 4: Score 1/1

Your response

If |4] =-31

and

|&] =-6,

What is the determinant of A& ?
|45 = 186 (100%)

Comment:

The determinant of 4 is -31.
The determinant of & is -6.

Therefore the determinant of AE is 186.

Correct response

If |4] =31

and

|B| =6,

What is the determinant of AE ?

|45 = 186

v

Correct

v

Correct



Question 5: Score 1/1

@ d g adg
If the determinantof A= | & » J | is8,whatis Ifthe determinantof A=| & = % | is 8, whatis

e fi e f i
g d gda I
) ) Correct
the determinantofB=| s o & | ? the determinantofB=| » o & | ?
i foe i fe
det(B)= -8 (100%) det(B)= -8
Comment:
B is A, but with two columns switched. Therefore, the determinant of B is -det(A).
Question 6: Score 1/1
What is the determinant of the following matrix? What is the determinant of the following matrix?
-1 -110 -1 -1 10
A=l 0 0 2 A=l 0 0 2 | ’
2 -11 2 -11
Correct
det(A)= -6 (50%) det(A)= -6
Is A invertible? Is A invertible?
Yes (50%) Yes
Comment:
-1 -1 0
The determinant of 0o 2 |is-6.
2 -11

Because the determinant is not equal to zero, A is invertible.



Question 7: Score 1/1

@ d g adg
If the determinantof A= | & o J | is5,whatis Ifthe determinantof A=| & = % | is5, whatis
e fi e f i
4a 4d 4g da 44 4g I
Correct
the determinantofB=| 4 &% 42 4k |? the determinantofB=| 4 b 42 45 |?
4o 45 44 de 47§ 43

det(B)= 320 (100%) det(B)= 320

Comment:

B is A, but with every element multiplied by 4. Therefore, the determinant of Bis ¥ det(A)=320. Note that if the matrix was 11 * 11,

the determinant would be 4" det(A).

Question 8: Score 1/1

What is the determinant of the following matrix? What is the determinant of the following matrix?

‘0001 1) ‘o001 1)
T | T | T T |
A=l 3 1 1 3 2 A=l 3 1 1 3 2 V
2 -1-32 0 2 -1 -32 01 Correct
11231 1123

det(A)= -14 (100%) det(A)= -14

Comment:

The determinant is -14.



Question 9: Score 1/1

Your response

What is the determinant of the following matrix?

1 -3 1

1 21
A=

2 -2 -3

0-30

1
1
a

-1

det(A)= 15 (50%)
What is the inverse of A?
(To enter your answer, right-click on the equation

editor, select

then choose 4x4 on this screen:

X< 1m

, then

flz Bl

and

olo],

bring up an empty matrix. Next, replace each letter
with your numeric answer, tabbing between cells.)

1
5
1
5

4
3
1
3
2
3

1
15

1
15

1
3

17
15

15| (500)
2

7
5

Note: Please enter the values exactly - ie. as
fractions or whole numbers, not as decimal

numbers.

Comment:

The determinant is 15.

The inverse is

-1

4
3
1
3
2
3

B
15 15
A2
15 15
Az
3 3
1o
5 5

Correct response

What is the determinant of the following matrix?

1 -3 1 1

12 01
A=

2-2-31

n-30 -1
det(A)= 15

What is the inverse of A?
(To enter your answer, right-click on the equation

nxm

L

, then and

editor, select

Blx] x Bz

then choose 4x4 on this screen: @ @ to

bring up an empty matrix. Next, replace each letter
with your numeric answer, tabbing between cells.)

14 117
& 3 14 14
IR U U3
4 3 1% 1%

2 1 2
. 3 3 3
i, 1 7
] ] 4

Note: Please enter the values exactly - ie. as
fractions or whole numbers, not as decimal
numbers.

v

Correct



Question 10: Score 1/1
Your response

What is the determinant of the following matrix?
g -3
410
&

det(A)= 12 (50%)
What is the inverse of A?

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select # * # and set the dimensions
yourself.)

(50%)

1

4

1 3
34
Note: Please enter the values exactly - ie. as
fractions or whole numbers, not as decimal
numbers.

Comment:

The determinant is 12.

The inverse is
-
3

-hll_u -hl-—

Correct response

What is the determinant of the following matrix?
9 -3 W
4 1
A
det(A)=12

What is the inverse of A?

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select # * # and set the dimensions
yourself. )

1

4
1 3
34
Note: Please enter the values exactly - ie. as

fractions or whole numbers, not as decimal
numbers.

v

Correct



Assignment 7: Partial Differentiation and Marginal Product

Question 1: Score 1/1

1 1 1 1

If the production function is 3 L 8 K’T , what is If the production function is 3 £ B K? , what is V
the marginal rate of technical substitution for labour the marginal rate of technical substitution for labour
(L) with respect to capital (£ )? (£ ) with respect to capital (£ )? Correct
MRTSk= (8/7)*((L)/(K)) (100%) MRTSk= (8/7)*((L)/(K))
Comment:
The MRTS(L,K)= MPE _8 L .
AEPL T K

Question 2: Score 1/1

) . 12 .2 43 3 i . . 13 .2 43 3 iz
Diff tiate — X"+ — X+ — F Diff tiate — ¥+ — X F + — I

ifferentiate = 23 ; ifferentiate - D ; V
with respect to . with respectto ¥. Correct
144/29*X*YA2+3*Y (100%) 144/29*X*Y N 2+3*Y

Comment:

Remember to treat X as a constant.

Question 3: Score 1/1

Differentiate the following function with respect to £ : Differentiate the following function with respect to £ :
AX ¥ E)= AX, ¥, Z)=
bal N ah ol SISl S 1 e PR+ P+ x “
oF oF
E - E B Correct
S*XAS*ZN4+55 XN 6XY A BYZN4+80* YN S*ZNA+T*ZN6*  S*XNSFZN 445 XN 6*Y N B*ZN 4+80*Y A 3¥ZN4+T7*2N 6*
X (100%) X
Comment:

Remember to treat the other two variables as constants.
The derivative is:
%:5){534+ syi Pyt 70y



Question 4: Score 1/1

Partially differentiate the following function:
AX VI =6X Y+7¥7 . axrz+ z°
With respect to X :

BF _ 1grxnory-8vv+Z (33%)
B

With respectto ¥

E = 6*XN3+28*YA 3-8*X*Z (33%)
oF
With respect to & :
BF _ gexrv42+7 (33%)
R4
Comment:

Partially differentiate the following function:
AXYZ)=6X V+7¥" . axvyzs+ 2
With respect to X :

oF = 18*X"2*Y-8*Y*Z
oY

With respectto ¥ V

Y Correct
— = 6*XN3+28*YN3-8*X*Z

af
With respect to & :
OF _ gexrya2ez
A

Remember to treat the other two variables in each case as constants.

Question 5: Score 1/1

Differentiate the following function with respect to

X
AY¥)= 22X+ Nx* ¥+ 47
o
—— = 18*X"8+44*X"3*Y" 8 (100%)
oX

Comment:

Remember to treat ¥ as a constant.
The derivative is:

OF _12x% 4 aax®
ax

Differentiate the following function with respect to
X .

AX,¥)= 23X + N ¥+ 4 V

Y Correct
—— = 18*X"8+44*X"3*Y" 8
oA



Question 6: Score 1/1
Your response

Differentiate the following function with respect to
¥

AX ¥ ZI)=

PR+ yert s+ 2%y
aF

ﬁ = 140* X" 2*YN6*ZN 3+36*Y A 5*Z79

(100%)

Comment:

Remember to treat the other variables as constants.
The derivative is:

OF x40 gt
ax

Question 7: Score 1/1
Your response

If the production function is
1

1+ 018)7

What is the marginal product of labour ( L )?

MPL= (2.7*(((0.9*((L)"5.0))+(0.2*((K)*5.0))" (-
4/5)))*((L)"4.0) (33%)

What is the marginal product of capital ( £ )?

MPK=
(0.3*(((0.9*((L)N5.0))+(0.1*((K)A5.00)™ (-
4/5)))*((K)*4.0) (33%)

What is the marginal rate of technical substitution
for labour with respect to capital (MRTS«)?

MRTS.k= .1*KA4.0/L"4.0 (33%)

Comment:
_4
ThempLis 27 (09 2% + 01 £°) ° 14,
_4
The MPK s 0.3 (0.9 27 + 0.1 £°) e
The MRTSw is 2450 _ 1 LS

MPL T A

Correct response

Differentiate the following function with respect to
F.

AX ¥E-=
ey e P+ 270y v
B Correct

3 = 140* XN 2*YN6*Z" 3+36*Y5*Z"9

Correct response

If the production function is
1

3(0s+01£)°

What is the marginal product of labour ( £ )?

MPL= (2.7*(((0.9*((L)*5.0))+(0.2*((K)*5.0))" (-
4/5)))*((L)~4.0)

What is the marginal product of capital ( £ )?
MPK=
(0.3*(((0.9*((L)N5.0))+(0.2*((K)M5.0))™ (-
4/5)))*((K)"4.0)

What is the marginal rate of technical substitution
for labour with respect to capital (MRTSk)?
MRTS k= .1*K"4.0/L"4.0

v

Correct



Question 8: Score 1/1

Differentiate ¥ + 14—1 X¥r+ % Fwith respect  Differentiate X -+ 14—1 X¥r+ % T with respect /
to ¥. to ¥. Correct
11/4*X+1/8 (100%) 11/4*X+1/8

Comment:

Remember to treat X as a constant.

Question 9: Score 1/1

If the production function is If the production function is
1 1
4 4
2 [EI.S A ans j;’4] , what is the marginal 2 [|:|_5 M ans K4] , what is the marginal “
product of capital (£)? product of capital (£ )?
MPK= MPK= Correct
((2.0%(((0.5*((L)"4.0))+(0.5*((K)*4.0))" (- ((2.0%(((0.5*((L)"4.0))+(0.5*((K)*4.0))" (-
1.0%(3/4))))*0.5)*((K)" 3.0) (100%) 1.0%(3/4))))*0.5)*((K)*3.0)
Comment:
_2
4
The answer is MPK= [III_S A 4os K4] £
Question 10: Score 1/1
1 1 11
If the production function is 7 £, 7 K’4 , what is If the production function is 7 £ ! K4 , what is “
the marginal product of capital ( X )? the marginal product of capital ( £ )? Correct

MPK= ((7/4)*((L)"(1/7)))*((K)" (-3/4)) (100%) MPK= ((7/4)*((L)*(1/7)))*((K)" (-3/4))
Comment:

3
o4

1| =

7
The answer is MPK= T L



Assignment 8: Multi-variable Optimization

Question 1: Score 1/1

A consumer wants to maximize her utility given by fo, _}*‘] = x2J12 by choosing amounts of X and ¥ to

purchase. The price of good x is #{ | the price of good FZ is , and the consumer has a total of 44 to “
spend.

Form the Lagrangean that best depicts this situation. Use .f to denote the Lagrange multiplier, since A.is Correct
not available in the answer field. X 2*y” 2+J*(M-P1*x-P2*y) (100%)

Comment:

The consumer wants to maximize utility subject to the budget constraint. The utility is given by X2 312 , and the budget constraint is
Pdx+ p2y =2 Therefore, we form the Lagrangean by taking the utility and adding to .f (the Lagrange multiplier) times the

budget constraint (rearranged so that it is all on the right hand side of the equation), to get x y2 + J(A-FPix-F2y).



Question 2: Score 1/1

Consider the function - 27 X2 + 456 ¥ + 30 XY V- 12X Z- 3536 - 44 Y- 256 £- 13 12 - 22 22

To optimize this function we find the first order conditions for X, ¥and Z. Please give the first order

conditions in the order X', ¥ and lastly £ .

-54*X+456+30*Y-12*Z (10%) =0

30*X-344-26*Y (10%) =0

-12*X-256-44*Z (10%) =O0. V

Solving, we find X' = 8 (10%), ¥'= -4 (10%), and & = -8 (10%).
Correct
— 5 30 — 12

Find the Hessian for this function. 30 — 7A 0 (10%) .
— 12 1] — 44

The Hessian is Negative definite (10%) , and this is a sufficient (10%) condition for a maximum
(10%) .

Comment:

The first order conditions are found by differentiating the function with respect to X first, then with respect to ¥, and finally with
respect to £, to find:

-5 X+ 458+ 30 F- 12 Z =0,

30X - 344 - 26 ¥,

-12X-356-44 Z 0.

These equations can be solved using various methods such as Gauss-Jordan, Cramer's rule, or row operations to reach the row
echelon form.

The solutions are X' = 8, ¥'= -4, and £ = -8.
The Hessian is found by differentiating the first order conditions again, and arranging them in a matrix.

5430 -12
30 -26 0
1z 0 44

To determine the nature of the Hessian we look at the principal minors, the determinants of the whole matrix, of the matrix formed by
dropping the last row and column, and the top left entry.

-54 30
The latter is -54 |, the 2x2 determinant is det
a0 -26
-54 30 -12
and finally the determinant of the whole matrix is det a0 -2 0
-12.0 44

You can verify that these are alternating in sign starting with negative, which means the that Hessian is negative definite, and thus
the solution we found is a maximum.



Question 3: Score 1/1

A market for good X has demand DX: A — #-p and supply SX: £+ =-p, where 2 is the price.

The government wants to generate some revenue by introducing an excise tax £ per unit sold. Give an
expression for market clearing under the tax, by setting excess demand equal to zero. Naturally, with an
excise tax, the price paid by the consumers will be different from the price received by the producers. Let

& denote the price received by producers.

Excess Demand = ((A)-((r)*((p)+(1)))-((B)*+((s)*(p))) (25%) =O. V
Solve this expression for the equilibrium price producers receive under the excise tax . Equilibrium Correct
Producer Price= (((A)-(B))-((®)*(r)))/((r)+(s)) (25%) .

Substitute this into the market demand to find the quantity under the excise tax #. Equilibrium Quantity=
(A)-((r)*(((((A)-B)-(@O*(N((N+(s))+(1))) (25%)

Find an expression for the government revenue from this tax. Revenue = (t)*((A)-((N*(((((A)-(B))-
(@) ()N (1)) (25%) -

Comment:

Excess demand is demand minus supply. Since # denotes the price producers receive, the price paid by the consumersis @ + ¢
which is what is used for the consumers' price in the demand. So, Supply is & + = 2 and Demand is 4 — ¥ (& +¢).Tofind
excess demand, subtract supply from demand. Ul - F I[p + !]:I — I[B =+ Sp] Now solve for the price where excess demand is
(A—F)—1tr

F+ =

To find the equilibrium quantity, remember the above price is the producers' price. Since the question asks to use the demand to find

Zero.

F+r
(If instead the question had asked to use the supply curve, then the above price could be directly substituted, since it is the
id—EB)—tr
F+ o

equilibrium quantity, ¢ must be added to the price, and then it is substituted into demand. 4 — # [ w =+ I]

producers' price. B + . Be sure to verify for yourself that this quantity is the same as the one found using the

demand curve.)

Tax revenue is found by multiplying the equilibrium quantity by #. # [}1 —r [ W =+ I]]
r+ =



Question 4: Score 1/1

Given the following function:

FX ¥)= 65+ 85X+ 66 V- 43X° + 98X ¥-12 ¥

What are the stationary values (critical values)? (Enter your answers to at least 2 decimal places.) V
Xerit = -1.13 (50%)

Yerit = -1.86 (50%)

Correct

Comment:

The critical values can be found by:

(1) Finding the derivate by X.

(2) Finding the derivate by Y.

(3) Setting both equations equal to zero and solving for X and Y.



Question 5: Score 1/1

Find the second order partial derivatives for the following function:

AX ) =3X v +61 - 6x°
Second partial with respect to X :
2
% = 60*X"3*Y"4-12 (25%)
G

Second partial with respectto X’

il
—— = 36*X"5*Y~2+120*Y" 3 (25%)
2
ol
Cross-partial with respect to X, I
2
ﬁ = 60*X"4*YA 3 (25%)
oy
Cross-partial with respectto ¥, X':
2
E = 60*X"4*YA 3 (25%)
oy
Comment:

Remember to treat the other variable in each case as a constant.

Second partial with respect to X is:

2
% —a0 X vz
G
Second partial with respectto Y is:

2
% Z36.X° ¥ + 120 ¥
gl
Cross-partial with respect to X,Y is:

2
OF _gnxty?
XY

Cross-partial with respect to Y,X is:

2
OF _enxty?
XY

v

Correct



Question 6: Score 1/1

A regulated monopoly faces as demand [' =4 — mF  where F is the market price and produces

according to the technology & = KQLEJ . Give an expression for the firm's revenue as a function of capital,
£ and labor, L.
Revenue = (A-(1/m)*(K*a)*(L"b))*((K*a)*(L"b)) (20%)

If we use W to denote the wage rate and ¥ to denote the price of capital, the firm's profit without

regulation is (A-(1/m)*(K*a)*(L"b))*((K*a)*(L"b))-(r*K)-(w*L) (20%) .
The regulatory agency allows the regulated firm to earn a return of ¥ per unit of capital. To find the total '
return on capital we take the revenue minus the total amount paid to labour. This is the total return on Correct

capital. The regulation requires that the per unit return on capital can be at most & . This is a constraint
that the monopoly faces. Write down this constraint as an equality. ((A-
(I/m)*(Kra)*(LAb))*((K™a)*(L™b))-(w*L))/K (20%) =s.

The monopoly's constrained problem can be written using a Lagrange multiplier as

Maxj; i (A-(1/m)*(Kra)*(L b)) *((K”a)*(L"b))-(r*K)-(w*L) (20%) + . s-((A-
(I/m)*(Kra)*(LAb))*((K*a)*(L™b))-(w*L))/K (20%) .

Comment:
The revenue is found by first inverting the demand to find F =4 - L . Then we find revenue by multiplying price times quantity,
m
Fa LEJ B o . i
A - E® 17 Profitis found by subtracting from revenue the cost of the monopoly of the labor and capital,
b

Kb
[ﬂ-— B orrowl.
m
For rate of return regulation we first find the total return on capital, that is the revenue less the total cost of labour. Then we divide
2
[ﬂ R IV ARy,
m
K
Kb
[ﬂ ]
m
]Kaﬂb-rf-wi. + A(s-

that amount by the amount of capital used. This gives us the return per unit of capital,

]K“Lb-wf:
s

£t

b

We combine everything to find the Lagrangean. [ﬂ - )



Question 7: Score 1/1

A firm receives a total revenue of 30 g — E'sz , and its total costs are 9‘2 + 10-g + 30 . Give an
expression for its profit. Profit= 50*q-2*g”2-q"2-10*q-50 (33%) .

If the government levied an excise tax of ¢ dollars per unit sold, now what would its profit be? “

Profit = 50*q-2*q"2-q7 2-10*q-50-t*q (33%) . Correct

Instead if the government imposed a % profit tax, what would the firm's profits be?
Profit = (1-t)*(50*q-2*g”~ 2-g" 2-10*q-50) (33%)

Comment:

The firm's profitis 40 g - 3 c}z - 50 . If we impose and excise tax, the profit now becomes 40 g - 3 q2 -50-tg . Instead if there is
a profit tax the firm’s after tax profitis (1 - ) [4E| g -3 qz - 5E|] .

Question 8: Score 1/1

Given the following function:

AY, F)= 40+ T8X+ 99 ¥+ 93 X7 - 53X ¥+ 41 ¥

What are the stationary values (critical values)? (Enter your answers to at least 2 decimal places.)
Xerit = -0.94 (33%) “
Yerit = -1.81 (33%) Correct

Is the critical point a maximum, minimum or is it indeterminate?

Xcritis amin (33%)

Comment:

The critical values can be found by:

(1) Finding the derivate by X.

(2) Finding the derivate by Y.

(3) Setting both equations equal to zero and solving for X and Y.

The nature of the critical values can be found by:

(1) Finding the Hessian matrix.

(2) Finding the eigenvalues of the Hessian matrix.

(3) If they are both positive, it is a minimum. If they are both negative, it is a maximum.



Question 9: Score 1/1

Consider the function 288 - 82 X-18 ¥+ 66 L+ 12 X2 -4 X V- 2XZ-6YZ+62° To

optimize this function we find the first order conditions for X, ¥and £. Please give the first order

conditions in the order X', ¥ and lastly £ .

24*X-82-4*Y-2*Z (10%) =0

-4*X-18-6*Z (10%) =0

-2*X+66-6*Y+12*Z (10%) =0. V

Solving, we find X' = 3(10%), ¥= 0 (10%), and £ = -5 (10%).
Correct
4 —4 -2

Find the Hessian for this function. | — 4 [ — £ |(10%) .
— 2 —6 1

The Hessian is Indefinite (10%) , and this is a heither necessary nor sufficient (10%) condition

for an inconclusive result (10%) .
Comment:
The first order conditions are found by differentiating the function with respect to X first, then with respectto ¥, and finally with
respectto Z, to find:

4 X-82-4Y-2F=0,

-4 X¥-18-62Z=0,

X+ a6-6FV+ 12 £ =0,

These equations can be solved using various methods such as Gauss-Jordan, Cramer's rule, or row operations to reach the row
echelon form.

The solutions are X'= 3, ¥= 0,and & = -5.
The Hessian is found by differentiating the first order conditions again, and arranging them in a matrix.

24 4 -2
40 -6
2 -6 12

To determine the nature of the Hessian we look at the principal minors, the determinants of the whole matrix, of the matrix formed by
dropping the last row and column, and the top left entry.

) ) ) 24 -4
The latter is 24 , the 2x2 determinant is det
-4 0
24 -4 -2
and finally the determinant of the whole matrixisdet | -4 [ -§
-2 -8 12

You can verify that these are neither all positive nor alternating in sign starting with negative, which means the that Hessian is
indefinite, and thus the solution we found is neither a maximum nor a minimum.



Question 10: Score 1/1

Your answer:

S ewrmeese oS

In an optimization problem, the second order conditions indicate whether the solution to the first order conditions
is a maximum, and minimum or neither. Correct




Assignment 9: Multi-variable Optimization and the Hessian

Question 1: Score 1/1

Consider the function -36 + 30 X - 2 ¥+ &6 X+ 61 XY+ 145 , which is being optimized
with the constraint - 8X -7 ¥ =10 . Find the Bordered Hessian matrix associated with this problem.

172+ 84X 61 — 3
(Enter it in the order X ,Y ,lambda.) gl 1] — 7 1(33%).

-8 =70 ‘/

Correct
258 Al — &

At [, ¥]= ( 11 ) , we evaluate the matrix to find | £l 0 — 7/(33%).
-8 =7 1
If the first order conditions held at this point the Hessian would indicate a minimum (33%).

Comment:

To find the bordered Hessian, we first construct the Lagrangean, -3t + 50X - 62 ¥+ 84 P+ axr+ 14x + }I.[
SBX-TY)
The Hessian is found by twice differentiating the Lagrangean, and arranging the second derivatives in a matrix,
178 + 34 X a1 -8

61l o -7
-8 70
20 A1 -8
Then at the point (X, ¥)= ( 11 } , the evaluated Hessian is g1 0 -7 |.(fthe first order conditions held at this point), a
570

sufficient condition for the point (X YJ = ( 11 ) to be a maximum is that the determinant if the evaluated Hessian matrix is
positive; for a minimum it is negative; and with a zero determinant it is inconclusive.

256 a1 -8
In this case, &&t al 0 -7 = -5,712, which means that the Hessian indicates a minimum.

-5 70



Question 2: Score 1/1

i . 3.4 S . .
A firm produces using the technology £~ L™ . It wants to minimize its cost of producing a quantity, & .
The price of capital is 3 and the wage is 5. Give the Lagrangean associated with this problem:

3.0*K+5.0*L (11%) —+ A q-K~.3*L".4 (11%) .

Letting "J" denote the Lagrange multiplier, give the first order conditions starting with the one for £ and

ending with the one for .1 .

3.0-.3*J/KA. 75U 4 (11%) = 0 (11%) ,

5.0-.4*J*KA 3/LA.6 (11%) = 0 (11%) , and

q-K~.3*L" .4 (11%) = 0 (11%) . V

-D_El-j-_[.n'dl _ n.1z..r |]_3-LD'4- Correct
IEK A7,06 A7

. 3 3
The Hessian is 0.12-7 D-E'ﬂ"”r'gu D-4'KD (11%) . (Enter it in the order K, L, J.)

- AT08 16 Y
0327 0420 ]
A7 ik

Comment:

' N . ) . . 3.4 )
The firm wants to minimize cost subject to a production constraint. So, the Lagrangean is 5*L+3*K+ }'I.[ q- K7L ) . To find the

First order conditions we differentiate the Lagrangean with respectto £, L and A Letting .f denote A , we find

4
3.0-.3 %=D
1. &
3
5.0-.4 %=D
1. B
g-K %=1
i
1 7i4 1.J A
R R A ey B
1. K L 1. K
3 3
The Hessian for this problem is -_12% 24& -4 L &
'L A A
3
3 IL? 4 I.Kﬁ 0
1 K 1. &




Question 3: Score 1/1

An individual values two goods, X and ¥, according to the following utility function:

U )= L in(x) + +In(?)

The price of X is Px=3.02, and the price of ¥is Py=1.76. The individual has 37 dollars. V
How much X and ¥ should this individual buy? Correct
(Round answers to the nearest whole number.)
X=7 (50%)
Y= 9 (50%)

Comment:

The Lagrangean is £ = % In(X) + %]n[l/'] + A[37-3.02*X-1.76*Y].

The first order conditions are:

1
Bl 3
: — 3. =0
e 5% 302 L
1
oL 4
: — 1. =0
57 v 1.7a L
OL (37— 3.02X) — 1.76 ¥ =0
GEN
Optimal X and Y are:
X=7

Y=9



Question 4: Score 1/1

A firm has the following production function:
1 2

ax L= g3 L3
The price of &£is F‘K =3, and the price of L is "DL =2. The firm wishes to produce 16 units for the least

cost possible.
What is the Lagrangean for this problem?

min (5%) <L = 3*K+2*L (5%) + A[ 16-KA(L/3)*LA(2/3) (5%) |

What are the first order conditions? Note: use m for A (because in this question L means labour).

3L 5 BmIKAIALA213) (5% = 0 (5% v
of
Correct

% : 2-2/3*m*KA (1/3)ILA (L/3) (5%) = 0 (5%)

% - 16-KA (1/3)*LA(2/3) (5%) = 0 (5%)

How much £ and £ should the firm use?

(Round answers to the nearest two decimal places. For example, 1.6666 becomes 1.67.)
K= 7.69 (26%)

L=23.08 (26%)

Comment:
1 2
The Lagrangean is ={ = 3*K+2*L + }'|.16-[ﬁ:’3 I 1

The first order conditions are:

2
oL 1 m £l
_— = = =0
oE . 3 2 L

K’3

1
oL .2 KD
Y 3 1

LB
b 1 2
L P i
oA
Optimal K and L are:
X=7.69

Y=23.08



Question 5: Score 1/1

A firm produces and sells two goods: X and ¥. Both goods sell for a price of $1 each.
The production function for good X is X = L’X .

1
The production function for good Y is ¥= K’z LY .

The firm divides its labour between the two products: L = LX + LY and gets its labour for free, but can
only use 10 units of it or less. £ = 10 .
The price of capital is 2= 3.

What is the firm's cost function if it puts all its labour into X ? (Assuming it does not try to use more than
10 units of labour.)

%) = 0 (8%)

What is the firm's profit if it puts all its labour into X ?

n{LX = ID] = 10 (8%)

What is the firm's cost function if it puts all its labour into ¥"?

1Y) = (3/100)*Y~ 2 (8%) “
What is the firm's profit function if it puts all its labour into ¥?

Correct
TE{LY = ID] = Y-3/100*Y"2 (8%)

How much ¥ should the firm produce if it puts all its labour into ¥?
¥= 50/3 (8%)

What is the firm's profit if it puts all its labour into ¥'?

ALy = 10)= 25/3 (8%)

Given the above results, how much of each input should the firm use, and how much of each output
should it produce?

Ly, =10 (8%)

LY =0 (8%)
£=0(8%)
A =10 (8%)
¥=0(8w)
How much profit does the firm make?
= 10 (8%)
Comment:

This question has a corner solution. If the price of capital is low enough, it is best to put all the firm's labour into producing good Y.
Otherwise, it is best to put all the firm's labour into producing good X.

In this case, the price of capital is 3. Therefore, it is best to choose:

Ly=10
Ly=0
E=0

X= 10



F=0
Which gives a profit of:
= 10

Question 6: Score 1/1

Consider the function -70 + 18 X - 35 X ¥+ 31 Xz ¥F-33 XYE + a4 Y3 . Find the Hessian matrix
g2 ¥ — B4+ a2X—680F

associated with this function. (33%). V
— A4+ 6dX—68F — a8 X+ 390 F

Correct
At [X, Y= ( 0o ) the Hessian is indefinite (33%); if the first order conditions held at this point it

would be inconclusive (33%).
Comment:
The Hessian is found by twice differentiating the function -70 + 18 & - 35X ¥+ 31 X2V-33 Xy o+ 65 0 , and arranging

B2 ¥ G+ e2X-08 F
G+ e2X-06F -8 X+ 300 F

the second derivatives in a matrix.

-35

Then we evaluate the matrix at (&, ¥] = ( 0o ) to find [
3500

We know that if (X Y] = ( 00 ) satisfied the first order conditions, then for this to be a minimum a sufficient condition is that the

Hessian is positive semi-definite. This requires that the principal minors are all positive. Recall that the principal minors are
determinants of matrices formed from the Hessian by starting with the 1x1 matrix containing the upper left most entry. Then we look

at the 2x2 by adding one row from below and one column from the right. We keep going until we finally have the entire Hessian
matrix.

For a maximum the principal minors are alternating in sign starting with negative.

For any other situation the Hessian is inconclusive and the point may be a maximum a minimum or neither.

In this instance since the Hessian is 2x2 we look at the upper left hand entry and then the determinant of the whole matrix. Looking at
0 -3

the upper left entry 0 and dat =-1,225, we find that the Hessian is indefinite, which is inconclusive.
3500



Question 7: Score 1/1

A firm produces and sells two goods: X and ¥. Both goods sell for a price of $1 each.

The production function for good X is X'= LX

1
The production function for good ¥is ¥F= L}?‘ 4

The firm divides its labour between the two products: L = L}f+ LI,and gets its labour for free, but can
only use 10 units of itor less L = Ly + L.

The price of capital is PK: 4.

How much labour should the firm use to produce good X ?

Ly= 10 (17%) V

How much labour should the firm use to produce good ¥ ?
LI"= 0 (17%)

Correct

How much capital should the firm use?
E=0017%)

How much of good X should the firm produce?
X= 10 @17%)

How much of good ¥ should the firm produce?
Y=0@a7rw)

How much profit does the firm make?

= 10 (17%)

Comment:

This question has a corner solution. If the price of capital is low enough, it is best to put all the firm's labour into producing good Y.
Otherwise, it is best to put all the firm's labour into producing good X.

In this case, the price of capital is 4. Therefore, it is best to choose:
L y= 10

LF: 0

K=o

A= 10

=09

Which gives a profit of:

=10



Question 8: Score 1/1

Consider the function 17X -24 X ¥-5TXZ+ 94 X2 Z-T7¥Z* + 36 Z° _Find the Hessian

188 2 — 24 — 57+ 188X
matrix associated with this function. — 4 ] — 154 F (33%) V

— 57T+ 188X — 1847 —1MF4+ 1162 Correct

At [X ¥ Z]= ( -1 110 ) , the Hessian is indefinite (33%); if the first order conditions held at
this point it would be inconclusive (33%).

Comment:

The Hessian is found by twice differentiating the function 17X -24 X ¥- 57X Z + %4 Xrz-mret 4 362 , and arranging
188 2 -24 AT+ IER A

the second derivatives in a matrix iy Y| 1] 154 F

ST+ 1ERXY -1ME 1M P4+ 2162

0 -24 -245
Then we evaluate the matrix at (X, ¥, Z) = ( -1110 ) tofind | -24 0 [
245 0 -154

We know that if I[X ¥ Z] = ( -110 ) satisfied the first order conditions, then for this to be a minimum a sufficient condition is

that the Hessian is positive semi-definite. This requires that the principal minors are all positive. Recall that the principal minors are
determinants of matrices formed from the Hessian by starting with the 1x1 matrix containing the upper left most entry. Then we look
at the 2x2 by adding one row from below and one column from the right. We keep going until we finally have the entire Hessian
matrix.

For a maximum the principal minors are alternating in sign starting with negative.
For any other situation the Hessian is inconclusive and the point may be a maximum a minimum or neither.

In this instance since the Hessian is 3x3 we look at the upper left hand entry, then the determinant of the upper left 2x2 matrix, and
finally the determinant of the whole matrix. Looking at the upper left entry (R)*1.0, the determinant of the upper left 2x2 matrix, dat(

0 -24 -245
(R)*2.0 ] = -576, and the whole matrix, cfé‘efl{ 24 0 ]: 88,704, we find that the Hessian indefinite, which is
-245 0 -154

inconclusive.



Question 9: Score 1/1

An individual values two goods, X and ¥, according to the following utility function:

2133
ux, )= s (0sx P + 0550 7)
The price of X is Px=2, and the price of ¥is Py=4. The individual has 18 dollars.

How much X and ¥ should this individual buy?

(Round answers to the nearest two decimals. For example, 1.666 rounds to 1.67.)
X=3.84 (50%)

Y= 2.58 (50%)

Comment:

-153
)

The Lagrangean is <€ = 5 (0.5 ¥ %% 4 .5 072 + A[18-(P)*()*X-(P)*(y)*Y].

The first order conditions are:

6L . 5 1 “o
By oz T
1 BERE %
ER T
2x? 274
?‘:‘i e : 7T
2 1 I
2
s t—3 | 7
2x? v 4
9L 5. 2x-4 V=0
8l
Optimal X and Y are:
X=3.84

Y=2.58

v

Correct



Question 10: Score 1/1

An individual values two goods, X and ¥, according to the following utility function:
_ 1 |
X, ¥)= = In(X) + < In(Y)

The price of X is Px=3.1, and the price of ¥is Py=2.07. The individual has 31 dollars.
What is the Lagrangean for this problem?

£ = 1/2In(X)+1/3*In(Y) (6%) + A [ 31-3.1*X-2.07*Y (6%) |

What are the first order conditions? Use L for A..

BL 9 121X-3.1%L (6%) = 0 (6%) V
oY
Correct
o=l

2= 1/3/Y-2.07*L (6%) = 0 (6%)
8y

% £ 31-3.1*X-2.07*Y (6%) = 0 (6%)

How much X and Y should this individual buy?
(Round answers to the nearest whole number.)
X= 6 (28%)
Y= 6 (28%)

Comment:

The Lagrangean is £ = % In(Xx) + %]nl[l/] + A [31-3.1%X-2.07*Y].

The first order conditions are:

1
Bt 2
: —31L=0
By X
1
Bl 3
: — 2.07 L =0
ay ¥
OL (31— 31X) — 207 V=0
8
Optimal X and Y are:
X=6

Y=6



Assignment 10

Question 1: Score 2/2

Your response

An individual values two goods, Xand ¥,
according to the following utility function:

U, )=~ In(X) + — In(?)

The price of X is Px=2.45, and the price of ¥is
Py=4.57. The individual has 40 dollars.
What is the Lagrangean for this problem?

L = .25%In(X)+.3333333333333333*In(Y)
(6%) + A.[ 40-2.45*X-4.57*Y (6%) ]
What are the first order conditions? Type L for A..

OL 1 /a/x-2.454 (6%) = 0 (6%)
B

% - 1/3/Y-4.57*L (6%) = 0 (6%)

8L : 40-2.45*X-4.57*Y (6%) = 0 (6%)

oA

How much X and ¥ should this individual buy?
(Round answers to the nearest whole number.)
X=7 (28%)

Y=5 (28%)

Comment:

The Lagrangean is £ = %
1
oL 4
: — 24515 =0
oY X
L
oL 3
: —457L=0
ol ¥
oL

(40— 245X) — 45T ¥ =0

Optimal X and Y are:
X=7,Y=5

Correct response

An individual values two goods, Xand ¥,
according to the following utility function:

U ¥)= - in(X) + + In(?)

The price of X is Px=2.45, and the price of ¥is
Py=4.57. The individual has 40 dollars.

What is the Lagrangean for this problem?

L = .25%In(X)+.3333333333333333*In(Y) + A
[ 40-2.45*X-4.57*Y ]

v

Correct

What are the first order conditions? Type L for A..

oL : 1/4/X-2.45*L =0
X

8L 1 1/3/Y-4.57*L =0
o

oL : 40-2.45*X-4.57*Y =0

GYN

How much X and ¥'should this individual buy?
(Round answers to the nearest whole number.)
X=7

Y=5

In{&) + % In{¥) + A[40-2.45X-4.57*Y].The first order conditions are:



Question 2: Score 2/2

Your response

An individual values two goods, Xand ¥,
according to the following utility function:

1 1
Ux, = x4 v4

The price of X is Px=2.44, and the price of Yis
Py=1.95. The individual has 39 dollars.

What is the Lagrangean for this problem?

L = XA (1/4)*Y (1/4) (6%) + A.[ 39-2.44*X-
1.95*Y (6%) ]

What are the first order conditions? Type L for A..

% - LAIXN (314)¥YA (114)-2.44%L (6%) = O

(6%)

% L 1/4*XN (1/4)IYN (3/14)-1.95*L (6%) = 0

(6%)

% : 39-2.44*X-1.95*Y (6%) = 0 (6%)

How much X and ¥should this individual buy?
(Round answers to the nearest whole number.)
X= 8 (28%)

Y= 10 (28%)

Comment:

1 1
The Lagrangeanis £ = ¥ % ¥4
oL % o
]
: F7 —24415=0
G E
X4
1
4
oL 1 X
—_— — — —1951L=0
] 4 3
F4
oL

(39 — 244 X)) — 1.95 ¥ =0
A

Optimal X and Y are:
X=8, Y=10

Correct response

An individual values two goods, Xand ¥,
according to the following utility function:

1 1
ux = x4yt
The price of X is Px=2.44, and the price of ¥is
Py=1.95. The individual has 39 dollars.

What is the Lagrangean for this problem?
L = XA (1/4)*YA (1/4) + A [ 39-2.44*X-1.95%Y |

What are the first order conditions? Type L for A..

o
—: 1/4/X" (314)*Y" (1/4)-2.44*L =0
e (3/4)*Y~(1/4) t/

Correct

% L 1/4*XN (1/4)/YA (3/4)-1.95*L = 0

8L :39-2.44*X-1.95*Y =0
GYE

How much X and ¥ 'should this individual buy?
(Round answers to the nearest whole number.)
X=8

Y=10

+ A [39-2.44%X-1.95*Y]. The first order conditions are:



Question 3: Score 2/2

Your response

Given the following function:
X ¥ =
AT 54X+ 29 V- 10X% + 08 X V- 64 1

Find the first order conditions for optimizing this
function:

ﬁ; = -54-20*X+98*Y (9%) = 0 (9%)

% = 29+98*X-128*Y (9%) = O (9%)

Given the above first order conditions, what are the
stationary points (critical values)? (Enter your
answers to at least 2 decimal places.)

Xerit= 0.58 (9%)
¥erit = 0.67 (9%)

What are the second derivatives?

2
L
ox
2
L
ol
2
oXy
2
oy

Given the above second derivatives, is the critical
point a maximum, minimum or is it indeterminate?

Xcritis aindeterminate (9%)

Comment:

Correct response

Given the following function:

X ¥)=
AT 54X+ 29 V- 10X% + 08 X V- 64 I

Find the first order conditions for optimizing this
function:

il -54-20*X+98*Y =0
oy

oF = 29+98*X-128*Y =0
or

Given the above first order conditions, what are the
stationary points (critical values)? (Enter your
answers to at least 2 decimal places.)

Xerit= 0.58 s
Yerit =067
What are the second derivatives? Correct
2
% =-20
R
2
LEEEPE
Ch
2
BF o8
g
2
F o
oY

Given the above second derivatives, is the critical
point a maximum, minimum or is it indeterminate?

Xeritis aindeterminate

The critical values (stationary points) can be found by setting both derivatives equal to zero and solving for X and Y.

The nature of the critical values can be found by finding the eigenvalues of the Hessian matrix. If they are both positive, itis a

minimum. If they are both negative, it is a maximum.



Question 4: Score 2/2

Your response

An individual values two goods, Xand ¥,
according to the following utility function:

1 1
ux v= x? vt
The price of X is Px=3.27, and the price of Yis

Py=1.9. The individual has 40 dollars.

If the first order derivatives are the following,
(where L is lambda)

oL 3 T
: YT — 3374
oy 2
X3
1
er 1 x?
oy 4 3 '
Ir"4

OL  4p—337x)—19¥
oL

Find the bordered Hessian:

(To input your answer, right-click on the box below
to bring up the symboils bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select #*# and set the dimensions
yourself.

Also, please make sure to use capital X and Y and
be careful about order of operations when entering
answers.)

H=
4
2 ¥ 1
IR 2 3 —337
¥3 1zx®ort
3
1 3 VX
% % ~ 15 1 —13
122577 yd
—3.27 — 19 0

(100%) (Enter in the order X, Y, lambda.)

Correct response

An individual values two goods, Xand ¥,
according to the following utility function:

1 1
urx y=x*r?
The price of X is Px=3.27, and the price of ¥is

Py=1.9. The individual has 40 dollars.

If the first order derivatives are the following,
(where L is lambda)

A 3 a
; YT —3271L
ox 2
X3
1
ar 1 x’
8y 4 3 '
Y4
A

(40— 337X)— 13 Y
Y3

Find the bordered Hessian:

(To input your answer, right-click on the box below
to bring up the symbols bar, select the button with
a square made out of 9 smaller squares and select
the appropriate size of matrix. If the correct size is

not shown, select #*# and set the dimensions
yourself.

Also, please make sure to use capital X and Y and
be careful about order of operations when entering

answers.)
H=
4
2 JF 1
ERE 2 3 =37
3 1zx?.rt
3
1 3 VX
S L
2. - F y4
— 327 — 1.5 0

(Enter in the order X, Y, lambda.)

v

Correct



Question 5: Score 2/2

Your response

A firm has a technology ' = KQLEJ . If the price of
labour is denoted by W and the price of capital is

¥, and the firm wants to produce ! units of
output, give the Lagrangean used in solving the

firm's cost minimization problem. Since A.is not

available in the solution field, please use "J" for the
Lagrange multiplier.

Lagrangean = (W*L+v*K)+J*(Q-K"a*L"b)
(17%) .

The first order conditions are (starting with £ and

ending with the Lagrange multiplier .J)
v-J*Kra*(a/K)*L b (17%) =1
w-J*K*a*LAb*(b/L) (17%) =0
Q-K*a*L"b (17%) =10

Solving these we find & =
(@w/(b*v))" (al(a+h))*QA (1/(a+h)) (17%) , and
L= (b*v/alw)” (b/(a+h))*Q" (1/(a+b)) (17%) .

Comment:

To find the Lagrangean for the firm's cost minimization, we take the firm's cost (F)*1.0 and add to it .4 times the constraint of

Correct response

A firm has a technology ' = K‘ILEJ . If the price of
labour is denoted by W and the price of capital is

¥, and the firm wants to produce &' units of
output, give the Lagrangean used in solving the

firm's cost minimization problem. Since A.is not

available in the solution field, please use "J" for the
Lagrange multiplier.

Lagrangean = (W*L+v*K)+J*(Q-K"a*L"b) .

v

Correct

The first order conditions are (starting with X and

ending with the Lagrange multiplier .J)
v-J*Kra*(a/K)*L"b =1
w-J*K~a*L b*(b/L) =10
Q-Kra*Lrb =10

Solving these we find & =

(@*w/(b*v))* (a/(a+b))*Q"(1/(a+b)) , and L =
(b*v/ia/w)” (b/(a+b))*Q" (1/(a+b)) .

producing ¢ units. But in this case we use " J " for the Lagrange multiplier. We find the Lagrangean to be

wi+viE+7(o-821),

We find the first order conditions by differentiating the Lagrangean with respectto £, £, and .f, respectively, to find:

L Il
£

. T8 0
I

o-k* =0

These equations in many instances can be solved by taking the first two equations and moving the Lagrange multiplier term to the
right hand side, and then dividing one equation by the other. The main purpose of this step is the cancel the Lagrange multiplier on

the right hand side of the equation, as follows:

h A
v/iw=( _KQLL I & J)
£ L
L] 1 "
W oh i + b r
or Y- ﬁ . We take this equation along with the last equation to find our solutions £ = [ LS | Q'* 2+é and
w Kb v )




i i
a+h | [
i= [’—E”’T ’an+
oW
To check that this is a minimum, we need to find the bordered Hessian, evaluate it at the solution, and check that its determinant is
negative. We find the bordered Hessian by differentiating the Lagrangean again with all the variables, and arranging these second

R

1 3
5 )

TR
I ] TE g P ) Bt
. JEq " £ £
£
derivatives in a matrix. The bordered Hessian is TFE? LE’ j;.z
JEar’b 2 Kb
£l FE 8 7
+ =
L
Kall kP ]
| K £
(&) ), (=)
which is evaluated at the solution (£, £)= ( [ﬁ Q'*ﬂ"'b o, [—V| Q"ﬂ'”’ 4); and finally, taking
v | aw
the determinant, we find
foa \| | (3a) Foh | (3h)
a+b ) | | a+b ) | |
T [(;'I-:] Qkﬂ+ ¥, a [j_:] Qkﬂ+ J -E:'[ﬂ'
I " E:' n
2=t 4 i QT
| a+h ) - | 1 a+h )
+b][aw] o\ g+5)[bv]
by @ W

which is indeed negative, giving us a minimum.



