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Introduction

*This hands-on multi-class exercise helps students learn
marginal analysis by doing marginal analysis on their
own balloon
*Use in both introductory and intermediate classes

*The marginal analysis at the core of microeconomics
requires that students think in terms of marginal
tradeoffs and understand how to balance those
tradeoffs to achieve optimal outcomes
*For example, one of the first things that economics

students learn is that although individuals gross
purchase behavior varies from person to person; all
face the same marginal purchase behavior

*The PowerPoint protocol provides detailed student
instructions to build the balloon (see 3 red-bordered
slides below) as well as how to use the balloon to
analyze economic concepts (see Exercise Goals slide)
*Slides include additional instructor notes

*This geometric analysis may be used in a calculus-free
Microeconomics or Managerial Economics course

* Algebraic counterparts are provided for those teaching
a calculus enriched course (see bottom row slides)

An Active-Learning Approach to Visualizing Multivariate Functions using Balloons
Stephen Erfle (email erfle@dickinson.edu for a copy of this PowerPoint)
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1 A. Visualizing z Slope 1n the x Direction

« Marginal value of x, MV,, i1s Az/Ax, the z slope In the x
direction, holding y fixed (Imagine walking W to E)*

* This is done at y = 10 in the panels below (a B-style balloon shown)
 The marginal value of x is infinite (i.e., the ruler is vertical) at x =5
 From there, marginal value of x declines as x increases
At x = 26, given y = 10, the marginal value of x Is zero
 Forx > 26, giveny = 10, the marginal value of x is negative  each person

This panel delht,\t\he vertical edge of
the balloon at (§, 10) where MV, = o0

At (15, 10), MV_ = 0.6 (approximate slope of ruler)
*In terms of calculus, MV, is the partial derivative with respect to x, 0z/ox

[ A. Visualizing z Slope in the y Direction IB. Finding the Top ot a Hill using IB. Graphing the Top of a Hill using
St vl v B i A T = sk i i MV, =0and MV, =0 Lines MV,=0and MV, =0 Lines
* Viarginai vailue O IS e Z slope In the . . . . . S e ' it
argi Oy, WYy, Ay, - S10P , y « To find MV = 0 lines, view the balloon from above (stand up) | |* T;a%srfer this information to graph /" Ji- :
direction, holding x fixed (Imagine walking S to N) + Find the point where MV, = 0 at the and top . ESF; e o draw & dached -
* This is done at x = 10 in the figures below * At the , this is where the outline of the balloon goes from line getween Band T e e
Note: This wil  The marginal value of y is infinite (i.e., the ruler is vertical) aty = 7 negative to p0_5|_t|Ve slope as x Increases (See ) * This line approximates the set of (x,y) i} et iR ol
R gisffgfnt - From there, marginal value of y declines as y increases « At tr_][ge Tct::p, this |t_s whtlare the outline of thegallo_lc_m goes from bundles where MV, =0 .L%_.é;o”;mj;;egm
« Aty =26, given x = 10, the marginal value of y is zero  Note: This will _ positive 1o negative siope as X IcTeases (See T) . * Use your ruler to draw a dashed T valuss e positve)
| occur at different * Find the pOIITt where ny = 0 at the and r|ght line b_etv_veen L and R 1 vatons both v 20 5
AZ = 0.6AX At + Atthe | =7, this is where the outline of the balloon goes from * plis line approximatesthe setof (X, y) - e e iimapiip i 4
| negative to positive slope as y increases (See ) _ , y _ - )
+ At the Right, this is where the outline of the balloon goes from ?;‘t%én;ers%%'%%g ,’[‘gescﬁc mg rllliTIeS __ -
— positive to negative slope as y increases (See R) Th ITFI:; P o th B
(I o : i ' * 1 NIS will b€ more accurate, tne % IV, =0 ne AT
i Use ruIeTr to locate each ch>|nt on the base: R is shown here closer is your balloon to an oval Ch )
Thisdepists the verticdl edgs M i "' * The area below red MV, = 0_ andto - Economic Region | TH e i i
of the balloon at (10, 7)  nrer - oo v R the left of the blue MV, = 0 lines | velues ereposiive) 'y L
-l MYV, is positive for 7 <y < 26, ; X I Naotatiorssye T
where MV 3 = W given x = 10 N~ i — 6, glivenne— 10 haS bOth va > 0 and MVY > 0 ' ba||uon”sr;ebsng1remv:0
| 2 « This is called the Economic Region downward siopng
*Similarly, MV, is the partial derivative with respect to y, cz/dy, is written in shorthand as z, (of production or consumption) Mﬂw;‘“ e e

Exercise Goals (color-coded to analytical tasks)
* The overarching goal is to understand how economists
represent 3-D, (X, y, z), surfaces using 2-D, (X, y), graphs

« z represents utility, profit, or output produced while x and y are
outputs or inputs depending on economic situation under analysis

« To visualize marginal value of x and marginal value of y
as slope in the x and y directions
'1] * This is the basis of the economist’'s notion of ceteris paribus

* Marginal value is marginal utility, marginal profit, or marginal
product depending on economic situation under analysis

» To find the top of a hill using MV, = 0 and MV, = 0 lines

2. Estimating Az in any Direction

» The goal in 1A was to understand how one describes slope
in two specific directions: x, MV,; and vy, MVy

« \We can use these slopes to describe the change in height
on the balloon that would occur if we move in any direction

« One way to describe the move uses points of a compass;
another uses change coordinates (Ax, Ay)
« For example, a move to the North East (along a 45° line) involves
moving (AXx, Ay) where AX = Ay >0
« What would happen to z if we move Ax in the x direction and
Ay in the y direction on the surface of the balloon?
« For small changes in x and y we (approximately) would have:
Az = AX-MV, + Ay-MV,
* This change would be exact if the surface was a plane

» The first component is the change in z due to the change in
x and the second is the change in z due to the change iny

2A. Finding a point where x 1s more
valuable than y (high tradeoff ratio)

 Looking at the balloon from overhead, hold the ruler,
parallel to the base, in line with the steep line starting
at (0, 30) and lower the ruler until it just touches the
balloon
* In both instances, that touch occurred at the 6” mark

For A-style balloons the tradeoff ratio is 3

IO S et

For B-style balloons the tradeoff ratio is 2

The x coordinate of this pointisatx =6

2A. Marking a point where X 1s more
valuable than y (high tradeoff ratio)

» Use a gel pen to mark a bit on each side of point found
 This line should be essentially flat when viewed from the side

» Mark a perpendicular from the middle of this point
* This represents the steepest rate of increase from this point
 The resulting mark should look something like this: |

The x coordinate of this pointis atx =8

- TN graphs grid system: LT LD N CLICK for a deeper geometric discussion of these slopes

2A. Graphing a point where X 1s more
valuable than y (High tradeoff ratio)

 The x coordinate at the center of the 1 noted above is
on the steeply sloped line starting at (0, 30)

» Mark the perpendicular from this point using the grid

* The level set of the balloon is tangent to the line at this
point and can be sketched in near this point

20 \ ,’ The y coordinate of 5 \ :
| =T the point on the line |
depends on x. With

,.% | TR the balloons shown,

2C. Decomposing the Direction of Maximal Change
* The gradient (perpendicular to the level set at the
point), Vz(x, y), I1s the vector of marginal values
Vz(Xx, y) = (marginal value of x, marginal value of y)

* The components represent slopes in the x and y direction

 The magnitude represents steepness of slope at that point
* You can visualize these slopes on the balloon in each direction

H, = (6, 12) and N
10} HB = (8: 14) 10 A%‘\
The perpendicular at
o H has slope 1/3 for A ST
° = and . for B. Thisis  ° =

) |

/| easy to see using the T

L

CLICK for
a deeper
algebraic
discussion

A orientation 1. Marginal value of x and y, and finding t})’p of | Over 3 up 1 for A and
xis 3 times as valuableasyatH 4 over 2 up 1 for B.

B orientation 1. Marginal value of x and y, and finding top of |
xis 2 times as valuable as y at H

* The ratio of these slopes is the tradeoff ratio

» To visualize level sets on the balloon and on the graph
* These are indifference curves, Isoprofit contours, and isoquants

« To compare points where x is more valuable than y with
ones where y Is more valuable than x using tradeoff ratios

* Do this on the balloon and on the 2-D graph paper

 To visualize constrained optimization on the balloon and on
the graph as tangency between constraint and level set

3 * Relate this point to level sets and marginal values

Each Student needs the following Materials

* One clear 11 or 12 inch balloon (don’t blow it up yet)

* Two sheets of graph paper with the same orientation (A or B)
* One provides a base, the other is for 2-D graphing CLICK for HANDOUT
* The sheets have lines and “orientation guides” to use during the exercise

* One piece of backing board

 Tape for attaching graph paper to backing board and balloon to
the base

» 12 two-inch pieces of tape (8 attach paper to base, 4 attach balloon to base)
* Ruler (clear is best)

» At least one gel pen (although different colors help)
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2. Level Sets and Tradeoff Ratios

« If the change in z due to changes of Ax and Ay cancel one
another, the net change in z is zero

* In this case, (Xg, Yg) and (Xg+AX, yo+Ay) are on the same level set

« Economists have a variety of terms for these level sets
* Indifference curves, isoquants and isoprofit contours are the terms
given for equal utility, equal production, and equal profit curves

» Consider an initial point in the Economic Region (where
both marginal values are positive): If x increases from there
then y must decrease if Az =0

* Put another way, there must be a tradeoff between y and x

* Minus the slope of the level set describes the fradeoff ratio
« Set Az = 0 and solve for -Ay/AX:

0 = AX-MV, + Ay-MV, implies -Ay/Ax =MV, / MV,
* The minus is added so we can talk about this tradeoff in positive
terms (two units of y for one unit of x, for example)

* The fradeoff ratio tells us the rate at which y must be
traded for x in order to maintain utility, or production, or
profit at a given level

« Economists often call this the Marginal Rate of Substitution, MRS
(although other letters are often added to distinguish scenarios)

2B. Finding a point where y 1s more

valuable than x (low tradeoff ratio)

» Looking at the balloon from overhead, hold the ruler,
parallel to the base, in line with the shallow line starting
at (30, 0) and lower the ruler until it just touches the
balloon

* In both instances, that touch occurred at the 6” mark

‘For A-style balloons"/the tradeoff ratio is 1/3

For B-style balloons the tradeoff ratio is 1/2

The x coordinate of this pointis x =16

2B. Marking a point where y 1s more

valuable than x (low tradeoff ratio)

» Use a gel pen to mark a bit on each side of point found
 This line should be essentially flat when viewed from the side

* Mark a perpendicular from the middle of this point
* This represents the steepest rate of increase from this point
 The resulting mark should look something like this: |
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The x coordinate of this pointis x = 20

2B. Graphing a point where y is more A-style: AtH, MV, /MVy = 3 B-style: AtH, MV,/MVy = 2
valuable than x (Low tradeofl ratio) AtL, MV,/MVy = 1/3 AtL, MV,/MVy = 1/2
» The x coordinate at the center of the L noted above is \[ILLI-"F T _Aorientation B orientation
on the shallowly sloped line starting at (30, 0) ML i 1ok ,.)'
» Mark the perpendicular from this point using the grid NE SN H >
» The level set of the balloon is tangent to the line at this 3y i SN N
point and can be sketched in near this point b Recwy N *s“\
L and H need not be on the same level set. In the A shown, H is on a lower level set ‘h""'-s.k\ LS “]:
than L but in B they are on the same level set; L, = (16, 14/3) and Lg = (20, 95). \""i--... \X##
1 15f== L The 15 LY A ‘\ £ 5 \ }( F..-!"'"-— L
"% . u perpendicular at H : : - A \ ] -
H L has slope 3 for - 2 S3ssagsies. —n
SN Aand2forB. " RS N | EEE J“*“*-—q__‘ ~ A =l
-\.\K\ This is easy to EEr=a BN HHH ‘_..-/r Siassatzazazs ‘.../‘1’1/ \
; . see using the ez PSUE A, R, S 5 10 patmihs A Mpiaeita s e 5 10 15 20
\ B SRR graph's grid A NEESSE=
‘ 1 system: Over 1 LT
‘_Hfil&“h Aorientation5 1. Marginal v\:ie of x and}fw:ndﬁndlng td’fgfl Up 3 fOf'A and B orientation 51 Marginal ua|5e of x and y 1:ndﬁnd|ng tongfhm 2 Exafn?m
X is 1/3 as valuable as y at L ¢ over1up2forB. - X i 1/2 as valuable as -y-at L

These 3 Slides Describe Making the Model

JA. Constrained Optimization
« Economic situations often involve constraints

« We can model each of these situations using the

only produce x and y in fixed proportions
* This is a condition called joint production

boards, gasoline and fuel oil

easiest to model is fixed proportion
* Imagine c units of x iIs produced for each unit of y

produced
 This constraint can be represented by the line: y = x/c

« A consumer maximizes utility subject to a budget constraint
» A producer maximizes output subject to a cost constraint
A firm maximizes profit subject to a production constraint

balloon but our initial focus will be on the third situation

« Assume a firm makes profits from two goods, x and y
* The firm cannot attain the top of the profit hill because it can

» Common examples of joint production are beef and hides, bark and

» Such production can occur under fixed or variable proportions but the

3B. Visualizing a Constrained Optimum

» We use the same strategy used in Part 2 to find the

constrained optimal point on the balloon

* Find the highest point on the balloon subject to being

on the constraint line

» Use the ruler parallel to the surface and above the y = x/c
line to find the constrained optimal point

3B. Graphing a Constrained Optimum
« Mark point C on the balloon and on the graph paper

3C. Additional Constrained Optimization Problems

* You have already found solutions to six other constrained optimization

3B. Analyzing this Constrained Optimum

* The constrained optimum is no longer in the Economic Region

.. : + The constrained optimum is in the 4" quadrant relative to the top of the problems in 2A-2C as tradeoff ratio tangencies between ruler & balloon
® .
Decompose this into component marginal values hill H is the solution to these three constrained optimization problems: At H, the tangency is
Note that * In this region, MV, < 0 and MV, > 0 and the gradient points to the NW *In this instance, Py depends on balloon style MV, /MVy = Py/Py
the rather than NE as it did in Part 2 Maximize* Subject to: Style: A B A B
‘ Conftr‘;""t « In this context, increasing x decreases profit but increasing y increases z = Utlity(x, y) Income = $90 P,=$9 $6 P, = $3 3 2
o<t é" hgs_cx=c2 profit z = Qutput(labor, capital) Cost= 860  Plapor = $6 $4  Pcapita = $2 3 2
% P for A-style At the constrained optimum, the gain in profit from increased y z = Profit(x, y) Timetotal hours= 30N Time/x = 3h 2h Timely=1h| 3 2
i andc =3 should balance off the loss in profit from increased x 'Each constraint can be written as y = 30 - 3x for A-style & y = 30 - 2x for B-style prices and income.
! for B-style » Since each unit of y produces ¢ units of x, AX = ¢-Ay L is the solution to these three constrained optimization problems:  AtL, the tangency is
i balloons = _ o o **In this instance, P, depends on balloon style MV,/MV, = P,/P,
. mm=nmat * In terms of the equation we initial examined, Maximize**  Subject to-2 Style: A B A B
O\ \ ‘ 0= Ax-MV, + Ay-MV, =c-Ay-MV, + Ay-MV z = Utility(x, y) Income = $90 P,=$9 $6 P, =$3 1/3 1/2
. ] ;é 1 . 0 = I_OSS due to X + Gafn due ¥O y y Z= Output(labor, capltal) Cost = $60 Pcapital = %6 $4 Plabor = $2 13 1/2
L c N e o L. - _ z = Profit(x, y) Timetotal hours= 30h  Time/y=3h 2h Time/x = 1h 1/3 112
N . Sk\ 1 \ ¢ Reorganlzmg and dIVIdIng by Ay we obtain: ny - 'c'MVx 2Each constraint can be written as y =10 -x/3 for A-style & y = 15 - x/2 for B-style prices and income.
T RS AN - \\ BEEs =ity . * |n words, one unit of y must be ¢ times as Va|uab|e as the.|oss In each instance, the tangency condition can be recast as equal bang for the buck : MV,/P, = MV,/P,,
“"%t’ EEEs| : ] A from one unit of x because each unit of y comes with ¢ units of x * You can readily create additional problems and find their solutions on
Bras IS LN B Suae e « Geometrically, the slope in the y direction is ¢ times as steep as the balloon by changing prices or income in the above constrained
7 = [ in the x direction optimization problems

How to Create an Oval Balloon

from a Round Balloon

* Round balloons are readily available but not as interesting
as ovals for representing economic models
 Luckily, you can turn a round balloon into an oval one pretty easily

* These ovals can be used to model two common economic
concepts:

« A) Imperfect complements
like peanut butter and jelly

@ @
like green peppers and onions %

« B) Imperfect substitutes

* The height of the balloon above the base, z, can be used to
represent utility or profits, or production (if x and y are inputs)

» Blow up the balloon while restricting the balloon in the
middle with your fingers Watch Here

* Think of two balloon ends and restricted middle like a barbell
* You should end up with a balloon that is 9 to 10 inches

Orienting your Balloon on the Base

» Tape the corners and edges of a piece of graph paper
to the backing board to create a base for the balloon

long, and 6 to 7 inches wide

can be seen here

Why A-style

(T=S+I:forP{,C—>D=C—S + S—D; forPT, D—C = D—E + E—C)

For complements, the income effect dominates the substitution effect

Intermediate Microeconomics Extensions

Decomposing the Total Effect of a price change into the Substitution Effect and Income Effect

and calculating the Compensating Variation, CV, and Equivalent Variation, EV, of a price change

For substitutes, the substitution effect dominates the income effect

« Create 4 small tape loops and use them to fix the V B.style are P S HEH Sene &
balloon to the base using the orientation guides with i A SHams e |t
knot in NE or NW corner as shown belov e : T e N BEERAR==NAE
W p \
. \ /| A y
- The balloon should be approximately over the x (bottom) COm plements NEr B T T e et
and vy (left) axes when viewed from above (see the . o AT CVis amount v, [ ANJ NTHA T EV is amount
I I 7 taken to RN :
= $12.00 < i ) price decrease | > \ given to
black arrows in the mockups and ruler n photogrant) |\ Sustitutes | AL e s e
\not about here % The three oresetects| o TN utlllty.at new " oIS \‘{ utility at old
2 ) . SI T N I\ E prlceS + ¥ N [+ .
y v oy orientation (] T l 5 ] B prices
_ guides D d e R ESECS N e
@ highlight lines us I ng eman X ‘ atapie | SENNG
. L . IR : used in the ST ams \ T oo ST R
1‘ T three main EgH decrease \ = = NERRES -
P analytical D I ' l t \ : \ iRy
Two of the ta R tasks in the eco pos I Io n \ T RN
pe loops _ LR S NN ! I 1 NI

S 0 25 15
BC given P= $3 BCgvenP= $1 BC given P= $2

BC given P.= $1

Presented at the January 2018 ASSA, AEA Committee on Economic Education Annual Conference, Philadelphia,

PA.

Algebraic Counterparts to this Geometric Analysis (using Paraboloids)

This is a quiz question from the 3" week of class

(X, y) = 24800x - 400x° + 28520y - 529y - 320xy - 70400

1;50 total) FOC Enterprises estimates its profit, 7, as a function of the two goods it produces, x and y is:

: : _ _ - / Partial Answers s Quantity ofy e —— _ .
This provides an algebraic counterpart to the slides shown ] _ (X, y) = 540x — 10x? + 600y — 10y* — 10xy — 4920, Siefien 7] B e [ e SENRESE This level set map was created in Excel
. . A /___.-—-—" -‘_“_“'“‘--.H — . . O 4
with blue and green baCkg round (Slldes labelled 1 and 2) 04— 5% S, B A;9) What should FOC do to maximize profits? How many units of x, y, and 7(x,y) result? (Show math below.) —1 = . “‘“a:a"‘\\x\ using a 6x9” oval with 34° tilt.
Partial answers are shown to the right ] ] - en are the lsoproflt contours Rorzontal & vertiea (Write & X0 ory(s) & appropriate)? Place equaions n s b 2"0 ZVO ; “(’5(’?80 3 “PSER S EEEES SN NSNS It has properties that are quite
Click here to see full answers for this question 7 i %/ I‘ 6 101 S €000 - e —=EReRRRS similar to the profit
E [~ .
1:30 total) FOC Enterprises estimates its profit, 7, as a function of the two goods it produces, x and y, is: 10 3> \ 2FACTS:  Ifx* =Xmax+ 4 then n(x*, y(x*)) =$5.880.  Ify* = ymax + 6 then n(x(y¥), y*) =35.730. 3 A4 iVAVATAVAVA V| 1| e ™ function above.
’ o - ' ' i B:9) Suppose FOC has a capacity constraint and can production no more than 24 total xs and ys. How much x 12 24 $ 5,880 3 yd =un HH“‘* [~ Veri -0
(X, y) =400x — 20x? + 180y — 10y% + 10xy — 1,240. and how much y should FOC produce given this constraint? Label this solution B = (xb.ys). What 7 results? / ’,/ 1’/{ [/ avi R :?: :: N erify m,

. ) . . .. C;9) Suppose FOC has a production process that produces 0.5 units of y for every unit of x produced (i.e., if N = = horizontals
Afs) How ma Illly s o.fx a]:I:d y S.hm.llg F((Ii)C p]‘(ci)du.ce m oilder Tofmaxm‘.nze.: proﬁts‘? W];m plroﬁ‘rsdresill.lt‘? x =10,y =5 orif y = 10, x = 20). How much x and how much y should Cal produce given this constraint? X Y T[(X,V) N i J,'/ / = *mx‘\ NN ( . )
Bj-4) FOC wis les to vverlfy that 1’[}5, indeed, producing a‘rj ¢ profit maximizing output level. To do this, .FOC. o 1 What profits result? Label this solution C = (Xc.yc). 13 |28 $ 5;73 0 Sl TARY 1] 17 ~ N N and 'J'Cy =0
wishes to consider what profits will be if it produces Ax = 6 units more or less x than the amount determined in D;6) Estimate the value of both partials at B and C. Explain what each estimate means and use these estimates 16 7 S 6.000 TN b\ [ / ] ™ N\ N\ (Verticals)
part A. FOC ic.)os es the level 6lAx Part B - V() m(X.y) to show that your answer really does maximize profits given the restrictions in B or C. 7 — 11 N | [~ . .
Z;ﬁ;ﬁ?e?ea;l:?;;;swpéiﬁts . ] NOTE: Allx, v, , and partial values are whole numbers in parts A - D. Answer B-D in the boxes. 19 16 $ 3,73 0 \ \\ N\ %\ Ty \ | ( \\ N ANANANANAS \ N A\ lines intersect
;alues, $(x). What profits X is AX more than Xmax 20 19 $2.3 70 A E; 17)'_(irap]_ﬂ theBprof;t(];nlll 1;511ng the gr}jp]f; pa?ﬁrﬁliov1ded. I\/_I;kzsll_ne to 1n;l}1de 1so§roﬁt_c5)_ntou_rso:_asso;u]a:ed 05" y + 27 = X(y) 2 Y \\ N ‘\ \ \ \ \ AN RN at (23’ 20)
result in each instance? o with points B an _( abel on graph). 1‘“«1 elp to provide 4 lines on this graph: mx = 0; 7y = 0; and the N\ WY A AN \ R‘ \ \ \ \ \ VN
Fill in he table to answer fhis T MAXIMIZing X = Xmax 14 16 $ 3.000 constraint functions in parts B & C. (Hint: It may help to recreate the “+ x and y boxes” from lisnt week.) - \ \ \ \\\ } i \\ L \ \\ - \\ \ -
question and provide the s A P : th \ VRN h, | VI RN A
L X is Ax less than Xuay 8 113] 92370 |B The questlon aboye is from the 4 week of class  * I \ AN NG - i S 8 A R TAR
C:3) FOC decides to consider y(x) = » This an algebraic counterpart to the / »\\\ — N ~ ] o A \1
what profits will be if it 30 i 7 ||
produces Ay = 4 units more or 4|Ay Part C x(Y) y (x.y) X \ T[(X’V) (Iabe”ed 3) I\ l( \\\ \ \ \\\ G ING ~ — / R },F };f fJ'

1 h il - ™ i n 1 N —— L]

determined in gart A.FOC |y is Ay more than yass 15201 $2.860 |C * The "t xandy boxes” (taught the previous week = SRS RTARS i NS =a SawasEw

would then choose the levelof | . .. 141161 $3.000 and shown to the right) help in drawing the graph . —H \ \ NN ANE=

x that maximizes profits given MAXIMZIG Y = Ymax : ] ; . \ ~ ~ N EERNEE =SS /11

these altemative y values, x(0). | 44 13112192860 Ip « Click to see full answer to this question ] . ~ SN — L

What profits result in each y1s Ay less than yiax = — B\wﬁ \ \ NN i O =

instance? Fill in the table to ) = 25*y +10= < T =N =N ] =

answer this question and X(}) 0 25 y 1 0 x(y) X Yy TE(X= y) an/ax 575/53/ ) XAY/ ’i \:\H\kx&:ﬁx:m —— /(hc//

provide the equation for x(y): Value at (Xp,yb) 9 15 4,530 210 210 i \ \q ) TS

D;13) Graph the profit hill using the graph paper provided. Make sure to include the iso-profit contours \ 5 10 15 20 25 30 35 40 45 50 55
associated with your answers to B and C. Provide two lines on this graph: mx = 0; my = 0. Value at (Xc ,yc) 24 1 2 53160 '60 1 20 . BCgven P, = $6 $3 $2 $1.50 $1.20 $1 $0.75 Quantity of x

E;2) Is this more like an A-style or a B-style balloon? Briefly explain (no credit for simply asserting an answer). Consider instead: ‘J't()(, y) = 12000x - 400)(2 + 1 3800y _ 529y2 + 320xy -76000. What changes’?
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