
SOLUTION TO EXAM 1, Dec. 16, 1999
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2. 
dx

dt
0.3 0.1 kc

. x. y 0.1 kc
. xset

.

dy

dt
0.1 1 kc

. x. 0.1 kc
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.

Characteristic Equation: det
s 0.3 0.1 kc

.

0.1 1 kc
.

1

s
0

s2 0.3 0.1 kc
. s. 0.1 1 kc

. 0

kc 0 s2 0.3 s. 0.1 0 unstable 

kc 1.5 s2 0.15 s. 0.05 0 stable 

kc 4 s2 0.1 s. 0.3 0 unstable 

3. 
dC

dt
Cin C 0.5 C. 0.1 T.

dT

dt
Tin T 2 C. κ T. κ Tcool

. 5 T.

Rearranging,
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dC

dt
1.5( ) C. 0.1 T. Cin

dT

dt
2 C. κ 4( ) T. Tin κ Tcool

.

Characteristic Equation: det
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s2 κ 2.5( ) s. 1.5 κ. 5.8( ) 0

For stability, κ 2.5> and κ
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> 3.867

Thus κ 3.867>
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Standard Form for Given Process:
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From the figure, the system is underdamped.

5. 
dT

dt
A B T 50( ). C P 1.5( ).

A
1.23 1.5.

50 2
50 A 49.965=

B 1.23
1.5

50 2( )2
. 1 B 1.001=

C
1.23

50 2
C 0.024=

dT

dt
49.97 1.001 T 50( ). 0.024 P 1.5( ).
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