
Spencer et al. Model A
t and cd are fixed in this model; Since t + t + v is fixed, this means we have only one free variable, 
say t.

1 .; 2 .; T .; t .;  .; v .; En .; c1 .; cd .; c2 .;

w  1 t    v 2 T  t    v En  c1 t  cd   c2 T  t  
2 tTv1 tv En  c1 t  c2 t  T    cd 
delwbydelt  Dw, t
c1  c2 2 tTv1 tv 
2 tTv1 tv 1  2 En  c1 t  c2 t  T    cd 

solsint  Solvedelwbydelt  0, t

t 
c1  c2  En 1  c2 T 1  En 2  c2 T 2  c2 1   cd 1   c2 2   cd 2 

c1  c2 1  2 

wcrit  Simplifyw . solsint1
c1  c2  c2 1T 1v 1v 212 Encd c1 1v 12T 21 2 

c1c2

1  2

Must Also look on boundaries

Boundary 1 :  t = 0

w1  Simplifyw . t  0
v 1T 2v 21 2  En  cd   c2 T  

Boundary 2 :  v = 0

w2  Simplifyw . v  0
t 1t 2T 21 2  En  c1 t  c2 t  c2 T  c2   cd 
Numerical Example with t + t + v = 12 and t = 4

wvout  w . v  8  t
2 8T1 8 En  c1 t  c2 t  T    cd 
wcrit1  Simplifywvout . solsint1
c1  c2 1 82 8T

1  2

wcrit1 .

T  16,   4, En  4, c1  0.1, c2  0.2, cd  0.3, 1  0.2, 2  0.3
0.0273237



solsint1 .

T  16,   4, En  4, c1  0.1, c2  0.2, cd  0.3, 1  0.2, 2  0.3
t  14.

w1 . T  16,   4, v  8, En  4,

c1  0.1, c2  0.2, cd  0.3, 1  0.2, 2  0.3
0.0109295

w2 . T  16,   4, t  8, En  4,

c1  0.1, c2  0.2, cd  0.3, 1  0.2, 2  0.3
0.0327885

Maximizew . En  4, c1  0.1, c2  0.2, cd  0.3,

1  0.2, 2  0.3,   4, v  8  t, T  16, 0  t, t  8, t
0.0327885, t  8.

Minimizew . En  4, c1  0.1, c2  0.2, cd  0.3,

1  0.2, 2  0.3,   4, v  8  t, T  16, 0  t, t  8, t
0.0109295, t  0.

Maximizew . En  4, c1  0.2, c2  0.1, cd  0.3,

1  0.2, 2  0.3,   4, v  8  t, T  16, 0  t, t  8, t
0.043718, t  0.
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