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P L A N  F O R  T O D A Y

Utility and indifference

Maximizing utility

Income and substitution effects

XYZ Airlines revisited
Calculus party!!!



X Y Z  A I R L I N E S  
R E V I S I T E D
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= marginal rate of transformation (MRT) 
= opportunity cost



O P P O R T U N I T Y  C O S T

The value of the thing you can’t 
do because of a decision

The value of the forgone option



O P P O R T U N I T Y  C O S T

Cost for 
theater concert

Value of park 
concert to you

Economic 
cost of theater

$25
$15

$40
Value of theater 
concert to you $50 $35

Theater ParkYour choice



C A L C U L U S  PA R T Y ! ! !



2  R E A S O N S  F O R  C A L C U L U S

Find the slope of a line

Find the area under a line

Differential calculus

Integral calculus



D R A W I N G  L I N E S  W I T H  M A T H

𝒚 = 𝒎𝒙 + 𝒃
y A number

x A number

m Slope

b y intercept

𝑟𝑖𝑠𝑒
𝑟𝑢𝑛



S L O P E

Slope = 
rise/run = 

how y changes as you change x



S L O P E S  A N D  I N T E R C E P T S

𝒚 = 𝟐𝒙 − 𝟏 𝒚 = −𝟎. 𝟓𝒙 + 𝟔



G R A P H  T H E S E

𝒚 = 𝟓𝒙 + 𝟐

𝒚 = −𝟐𝒙 + 𝟏𝟏

𝒚 = 𝟎. 𝟑𝟑𝒙 − 𝟏

𝒚 = 𝒙 − 𝟏

𝒚 = 𝟔 − 𝟐𝒙

𝒚 = 𝟎. 𝟕𝟓𝒙 − 𝟑



W H A T  A B O U T  C U R V Y  L I N E S ?



N O  S I N G L E  S L O P E

Slope is different 
at every x

Slope will be a 
formula, not a 
single number

Derivative



D E R I V A T I V E S

y = x2
<latexit sha1_base64="5OhmZ9oTksnMeFHqzqfuHl/jjvY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgl6EohePFewHtGvJptk2NJsNSVZclv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305hZXVtfaO4Wdra3tndK+8ftHScKEKbJOax6gRYU84EbRpmOO1IRXEUcNoOxjdTv/1IlWaxuDeppH6Eh4KFjGBjpXaKrtDTQ61frrhVdwa0TLycVCBHo1/+6g1ikkRUGMKx1l3PlcbPsDKMcDop9RJNJSZjPKRdSwWOqPaz2bkTdGKVAQpjZUsYNFN/T2Q40jqNAtsZYTPSi95U/M/rJia89DMmZGKoIPNFYcKRidH0dzRgihLDU0swUczeisgIK0yMTahkQ/AWX14mrVrVO6vW7s4r9es8jiIcwTGcggcXUIdbaEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ABppjsI=</latexit>

Power rule
Move exponent down 
to coefficient, reduce 

exponent by 1

y0 = 2x
<latexit sha1_base64="BzMGND/Wk+1RF15Ujvr88k6XmmE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbRU9mtgl6EohePFewHtEvJptk2NJssSVZclv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aGmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H49up336kSjMpHkwaUz/CQ8FCRrCxUjs9Rdeo9tQvV9yqOwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+NnWBlGOJ2UeommMSZjPKRdSwWOqPaz2bkTdGKVAQqlsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+RkTcWKoIPNFYcKRkWj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+TVq3qnVdr9xeV+k0eRxGO4BjOwINLqMMdNKAJBMbwDK/w5sTOi/PufMxbC04+cwh/4Hz+AMYojos=</latexit>



y = 3x3 � 4x2 + 6x� 1
<latexit sha1_base64="zaOVwMDtBwBm6dqYdzBt+Ifi8D0=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBEEsSVvUjVB047KCvUCblsl00g6dTMLMRBpC3fgqblwo4ta3cOfbOG2z0NYfBj7+cw5nzu+GjEplWd9GZml5ZXUtu57b2Nza3jF39+oyiAQmNRywQDRdJAmjnNQUVYw0Q0GQ7zLScIc3k3rjgQhJA36v4pA4Pupz6lGMlLa65kEMr2Bp1CnBM1gedYrwFJ6PNNtdM28VrKngItgp5EGqatf8avcCHPmEK8yQlC3bCpWTIKEoZmSca0eShAgPUZ+0NHLkE+kk0wvG8Fg7PegFQj+u4NT9PZEgX8rYd3Wnj9RAztcm5n+1VqS8SyehPIwU4Xi2yIsYVAGcxAF7VBCsWKwBYUH1XyEeIIGw0qHldAj2/MmLUC8W7FKheFfOV67TOLLgEByBE2CDC1ABt6AKagCDR/AMXsGb8WS8GO/Gx6w1Y6Qz++CPjM8fs12TMQ==</latexit>

y0 = 9x2 � 8x1 + 6
<latexit sha1_base64="mJBDdAUCuf/xicyvGbyIg7QiGgQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0UUxJJU0boQim5cVrAPaNMymU7aoZNJmJlIYyj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1uyKhUlvVtzM0vLC4tZ1ayq2vrG5vm1nZVBpHApIIDFoi6iyRhlJOKooqReigI8l1Gam7/ZuTXHoiQNOD3Kg6J46Mupx7FSGmpbe7Gh/AKXg5aBXgCi4OWDY/hedvMWXlrDDhL7JTkQIpy2/xqdgIc+YQrzJCUDdsKlZMgoShmZJhtRpKECPdRlzQ05cgn0knG1w/hgVY60AuELq7gWP09kSBfyth3daePVE9OeyPxP68RKa/oJJSHkSIcTxZ5EYMqgKMoYIcKghWLNUFYUH0rxD0kEFY6sKwOwZ5+eZZUC3n7NF+4O8uVrtM4MmAP7IMjYIMLUAK3oAwqAINH8AxewZvxZLwY78bHpHXOSGd2wB8Ynz+q5ZIi</latexit>

y = 5x+ 2
<latexit sha1_base64="UO8XOKsLkKN6f6PlR+0EF2o0WaE=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBZBEEpSFb0IRS8eK9gPbEPZbDft0s0m7G7EEPovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMPD/mTGnH+bYKS8srq2vF9dLG5tb2jr2711RRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qZ+K1HKhWLxL1OY+qFeCBYwAjWRnpI0RU6f0InqNqzy07FmQItEjcnZchR79lf3X5EkpAKTThWquM6sfYyLDUjnI5L3UTRGJMRHtCOoQKHVHnZ9OIxOjJKHwWRNCU0mqq/JzIcKpWGvukMsR6qeW8i/ud1Eh1cehkTcaKpILNFQcKRjtDkfdRnkhLNU0MwkczcisgQS0y0CalkQnDnX14kzWrFPa1U787Ktes8jiIcwCEcgwsXUINbqEMDCAh4hld4s5T1Yr1bH7PWgpXP7MMfWJ8/8pqPIg==</latexit>

y0 = 5
<latexit sha1_base64="0oiqQvxiRmUnj4/w+/9U8R8qq6w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ6KrtV0YtQ9OKxgv2AdinZNNvGZpMlyQrL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut7O0vLK6tl7YKG5ube/slvb2m1omitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Hbit56o0kyKB5PG1I/wQLCQEWys1ExP0DW66JXKbsWdAi0SLydlyFHvlb66fUmSiApDONa647mx8TOsDCOcjovdRNMYkxEe0I6lAkdU+9n02jE6tkofhVLZEgZN1d8TGY60TqPAdkbYDPW8NxH/8zqJCa/8jIk4MVSQ2aIw4chINHkd9ZmixPDUEkwUs7ciMsQKE2MDKtoQvPmXF0mzWvHOKtX783LtJo+jAIdwBKfgwSXU4A7q0AACj/AMr/DmSOfFeXc+Zq1LTj5zAH/gfP4A7oiODA==</latexit>



Y O U R  T U R N

y = 3x2 � 4x+ 8

y = �2x4 � 2x+ 100

y = 7x+ 2
<latexit sha1_base64="s0oiP/AW0xppyw51Ng/Rw6Fps+M=">AAACI3icbZDLSgMxFIYz9VbH26hLN8GiCNIyMy20CELRjcsK9gK9kUkzbWjmQpKRltJ3ceOruHGhFDcufBcz7SDaeiDw8/3ncHJ+J2RUSNP81FJr6xubW+ltfWd3b//AODyqiSDimFRxwALecJAgjPqkKqlkpBFygjyHkbozvI39+iPhggb+gxyHpO2hvk9dipFUqGtcjeH5NcyPOjbMwsIIXsISbLX0Oc3ao05BYTvGlmn+GMUY2F0jY+bMecFVYSUiA5KqdI1ZqxfgyCO+xAwJ0bTMULYniEuKGZnqrUiQEOEh6pOmkj7yiGhP5jdO4ZkiPegGXD1fwjn9PTFBnhBjz1GdHpIDsezF8D+vGUm31J5QP4wk8fFikRsxKAMYBwZ7lBMs2VgJhDlVf4V4gDjCUsWqqxCs5ZNXRc3OWfmcfV/IlG+SONLgBJyCC2CBIiiDO1ABVYDBE3gBb+Bde9ZetZn2sWhNacnMMfhT2tc34LGbyg==</latexit>



P A R T I A L  D E R I V A T I V E S

Power rule only 
works with 1 variable

u = xy
<latexit sha1_base64="id203iA9Z3HeXLE+PYxPrmML41o=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgl6EohePFewHtEvJptk2NpssSVZclv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aGmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H45up336kSjMp7k0aUz/CQ8FCRrCxUitBV+gp7ZcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8TOsDCOcTkq9RNMYkzEe0q6lAkdU+9ns2gk6scoAhVLZEgbN1N8TGY60TqPAdkbYjPSiNxX/87qJCS/9jIk4MVSQ+aIw4chINH0dDZiixPDUEkwUs7ciMsIKE2MDKtkQvMWXl0mrVvXOqrW780r9Oo+jCEdwDKfgwQXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AyqCOnQ==</latexit>



P A R T I A L  D E R I V A T I V E S

Do the x part first, 
then do the y part

u = xy
<latexit sha1_base64="id203iA9Z3HeXLE+PYxPrmML41o=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgl6EohePFewHtEvJptk2NpssSVZclv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aGmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H45up336kSjMp7k0aUz/CQ8FCRrCxUitBV+gp7ZcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8TOsDCOcTkq9RNMYkzEe0q6lAkdU+9ns2gk6scoAhVLZEgbN1N8TGY60TqPAdkbYjPSiNxX/87qJCS/9jIk4MVSQ+aIw4chINH0dDZiixPDUEkwUs7ciMsIKE2MDKtkQvMWXl0mrVvXOqrW780r9Oo+jCEdwDKfgwQXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AyqCOnQ==</latexit>

x part / y part

u0 =
y

x
<latexit sha1_base64="Fxbe+0sfja99k7uKCuTXROXHu5A=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ6KkkV9CIUvXisYD+gDWWz3bRLN5uwuymGkH/ixYMiXv0n3vw3btsctPXBwOO9GWbm+TFnSjvOt7Wyura+sVnaKm/v7O7t2weHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3747up355QqVgkHnUaUy/EQ8ECRrA2Ut+2kzN0g3qBxCRL8+wp79sVp+rMgJaJW5AKFGj07a/eICJJSIUmHCvVdZ1YexmWmhFO83IvUTTGZIyHtGuowCFVXja7PEenRhmgIJKmhEYz9fdEhkOl0tA3nSHWI7XoTcX/vG6ig2svYyJONBVkvihIONIRmsaABkxSonlqCCaSmVsRGWGTgjZhlU0I7uLLy6RVq7oX1drDZaV+W8RRgmM4gXNw4QrqcA8NaAKBCTzDK7xZmfVivVsf89YVq5g5gj+wPn8A/NaTQQ==</latexit>



U T I L I T Y  &  
I N D I F F E R E N C E



U T I L I T Y

Happiness points



Diminishing marginal utility



Theoretical combination of goods 
that provide same level of utility 

U T I L I T Y  B U N D L E S



U T I L I T Y  B U N D L E S
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What combinations of 
inputs will produce 12 utils?
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I N D I F F E R E N C E  C U R V E S



I N D I F F E R E N C E  C U R V E S

Theoretical points where we’re 
equally happy with a mix of goods

Measured in utility 
(or “utils”, or happiness points)

Higher curves = more utils



https://www.youtube.com/watch?v=iOmDo5jLFw8



MRS at A = 9 MRS at H = 4

Slope of indifference curve = 
marginal rate of substitution (MRS)



u =
p
xy

<latexit sha1_base64="AuRFexLCsRto06jjp051jUnRFck=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9CIEvXiMYB6QLGF2MpsMmX1kpje4LPkOLx4U8erHePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm4Wt4vbO7t5+6eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv6zTFXWkThI6YxdwPaD4UvGEUjuQm5IR09Upg9pZNuqWxX7BnIMnFyUoYctW7pq9OLWBLwEJmkWrcdO0Y3owoFk3xS7CSax5QNaZ+3DQ1pwLWbzY6ekFOj9IgfKVMhkpn6eyKjgdZp4JnOgOJAL3pT8T+vnaB/7WYijBPkIZsv8hNJMCLTBEhPKM5QpoZQpoS5lbABVZShyaloQnAWX14mjfOKc1GxHy7L1ds8jgIcwwmcgQNXUIV7qEEdGIzgGV7hzRpbL9a79TFvXbHymSP4A+vzB5wvkf8=</latexit>

u = xy
<latexit sha1_base64="0qRlggQvct8oY4fuGOP4eIFZe4U=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVgl6EohePFewHtEvJptk2NpssSVZclv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aGmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H45up336kSjMp7k0aUz/CQ8FCRrCxUitBV+gp7ZcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8TOsDCOcTkq9RNMYkzEe0q6lAkdU+9ns2gk6scoAhVLZEgbN1N8TGY60TqPAdkbYjPSiNxX/87qJCS/9jIk4MVSQ+aIw4chINH0dDZiixPDUEkwUs7ciMsIKE2MDKtkQvMWXl0nrrOqdV927WqV+ncdRhCM4hlPw4ALqcAsNaAKBB3iGV3hzpPPivDsf89aCk88cwh84nz/J/I6b</latexit>

u = x2y2
<latexit sha1_base64="2nVfS8F9jd16tD5jy3/F7nUwaKY=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8ld0q6EUoevFYwX7AdluyabYNzSZLMiuWpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut7Oyura+sVnYKm7v7O7tlw4Om0almrIGVULpdkgME1yyBnAQrJ1oRuJQsFY4up36rUemDVfyAcYJC2IykDzilICV/BRf46duFY+71V6p7FbcGfAy8XJSRjnqvdJXp69oGjMJVBBjfM9NIMiIBk4FmxQ7qWEJoSMyYL6lksTMBNns5Ak+tUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0VWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2paEPwFl9eJs1qxTuvuPcX5dpNHkcBHaMTdIY8dIlq6A7VUQNRpNAzekVvDjgvzrvzMW9dcfKZI/QHzucPc0OQDQ==</latexit>

u = x2y
<latexit sha1_base64="xm9A3d4eUtd1LpeECvbDNhkW55k=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0ItQ9OKxgv2Qdi3ZNNuGJtklyYrL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut7O0vLK6tl7YKG5ube/slvb2mzpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+uJ33qkSrNI3pk0pr7AA8lCRrCx0n2CLtHTQxWlvVLZrbhToEXi5aQMOeq90le3H5FEUGkIx1p3PDc2foaVYYTTcbGbaBpjMsID2rFUYkG1n00PHqNjq/RRGClb0qCp+nsiw0LrVAS2U2Az1PPeRPzP6yQmvPAzJuPEUElmi8KEIxOhyfeozxQlhqeWYKKYvRWRIVaYGJtR0Ybgzb+8SJrVindacW/PyrWrPI4CHMIRnIAH51CDG6hDAwgIeIZXeHOU8+K8Ox+z1iUnnzmAP3A+fwBJho9p</latexit>

I N D I F F E R E N C E  C U R V E S



M A X I M I Z I N G  U T I L I T Y



Marginal rate of substitution (MRS)

Marginal rate of transformation (MRT)

Theoretical tradeoff between inputs

Slope of indifference curve

Actual tradeoff between inputs 
constrained by feasible frontier

Slope of feasible frontier



What’s the best number of 
workers to use / planes to make?

What’s the best combination of 
hours studied / free time?
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https://www.youtube.com/watch?v=MXIgp-P-FeY



U T I L I T Y  M A X I M I Z A T I O N

0. Plot indifference curve

1. Figure out feasible set or MRT
(budget line)

2. Use calculus and prices to figure 
out ideal MRS

(Δy/Δx = price x / price y = MUx / MUy)

3. MRT = MRS and solve for x and y



u = xy
<latexit sha1_base64="0qRlggQvct8oY4fuGOP4eIFZe4U=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVgl6EohePFewHtEvJptk2NpssSVZclv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aGmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H45up336kSjMp7k0aUz/CQ8FCRrCxUitBV+gp7ZcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8TOsDCOcTkq9RNMYkzEe0q6lAkdU+9ns2gk6scoAhVLZEgbN1N8TGY60TqPAdkbYjPSiNxX/87qJCS/9jIk4MVSQ+aIw4chINH0dDZiixPDUEkwUs7ciMsIKE2MDKtkQvMWXl0nrrOqdV927WqV+ncdRhCM4hlPw4ALqcAsNaAKBB3iGV3hzpPPivDsf89aCk88cwh84nz/J/I6b</latexit>

Utility

Waffles (x)

Calzones (y)

$1

$2

Budget $20


