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Theorem 2.  Let     be a von Neumann-Morgenstern ranking of the set of basic lotteries L. Then the following are true. 

(A) If :U Z    is a von Neumann-Morgenstern utility function that represents   , then, for any two real numbers a and b 
with a > 0, the function :V Z    defined by ( ) ( )i iV z aU z b   (i = 1,2,…,m) is also a von Neumann-Morgenstern 
utility function that represents   . 

 (B) If :U Z    and :V Z    are two von Neumann-Morgenstern utility functions that represent   , then there exist two 
real numbers a and b with a > 0 such that ( ) ( )i iV z aU z b   ( i = 1,2,…,m). 

1 2 3 4 5 6

10 6 16 8 6 14
z z z z z z

U 
 
  

 
AFFINE TRANSFORMATION

W 4 0 10 2 0 8
subtrait 6 a 7 b 6

o multiply by to a to b o

normalized
utility function

01 4 the



Q 1 how do you rank the basic

Z 21 22 233 best Zz 1 outcomes

V12
won

ifaxiom
91 1ham

Lip
25

t

p t p

if p 1 1 Z

For every intermediate
P 0 10 Z

outcome Zi Ipi such that Zi
2

Q 2 what value of p makes you indifferent
between Z aus Llpl

Suppose answer is P Z 3,2



2 By theorem
EEU EEU

w̅ TÉEEviz

35
best Zz 120

2 4
V12 3,120 40

Worst 2 3 40
4

Z 21 2,2
how many questions

1 10 11

Z 21 Zm
m 7



Page 1 of 3 

EXAMPLE. Consider the following game frame: 
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Suppose that Player 1 has the following ranking of the set of basic outcomes: 
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Construct the normalized utility function for Player 1: 
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Player 2 has the following ranking of the set of basic outcomes: 
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Construct the normalized utility function for Player 2: 

2

4

1 3

best

worst ,

z

z

z z

 

 

 

to

FELIEÉ 0

ÉT
0

30 30 0 20 21 1

1

5
24

0 Suppose she says P



Page 3 of 3 

A

B

Player 2

C D

Player 1

1 2
1 1
2 2

z z 
 
  3z

4z1 3
1 2
3 3

z z 
 
   

A 1 0

B 0

Player 2

C D

Player 1

5
12

17
18

5
6

1
3

1
2

 
 

If we don’t want to deal with fractional numbers, we can multiply the payoffs of Player 1 by 36 
and the payoffs of Player 2 by 6 to get the following game, which is the same game as the one 
given above: 

A 15 3 36 0

B 34 0 30 2

Player 2

C D

Player 1

 

This game has no Nash equilibria in pure strategies, but as we will see  it has a Nash 
equilibrium in mixed strategies. 
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