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Temperature Control

The automatic control of a system in ovrder that it stays in 8
certain desired state has many applications. The desired state can
be a state of constant position or pressure or temperature ete, or
of a programmed change in time of such parameters. Here we will
enly make a few remarks distinguishing between Proportional,

Integral and Differential Control.

Let us consider a system § at temperature T with a heater H and
thermometer Th, which is connected to a cold
reservoir C by a heat link L and let us assume
Th that we want to keep the system § at a con-
stant temperature TO' higher than that of the

T
n

cold reservoir €. (Often the heater can more
efficiently be placed where the heat link
joins the system). Let wus further assume for

definiteress that the thermometer gives a DC

voltage signal, the value of which increases

as T decreases (eg. the voltage of a diode
thermometer oxr the voltage over a carbon
resistance thermometer at constant current).

-~

1.Proportional Température Controel

One subtracts from the sfgnal wvoltage V(T) an external voltage
V(To) corresponding to the signal voltage which the thermometer
would give at the desired temperature To and one uses the voltage
difference V(T)-V(To) as input for a proportional amplifier. The
tt:{V(T)-V(Tb)] is then used as
a source for the heater current IH' I1f we &ssume that over the
range T to To V(T) is proportional with T we obtain

IH - &P(T-To)
i.e. the heater current is proportional to the deviation of the

output voltage of the amplifier Vou

system’s actual temperature T from the desired temperature T

0

The electrical circuit for temperature contreol at temperature TO

can be as follows:
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1f the system is initially at a texperature T,<T, its temperature
will change in time as shown in the following graph:
The heatey current, which is propor-

tional to &7, will® decresse wuntil
the system reaches a final equili-

brium temperature Tf.

There are two disadvantages of Proportional Control:

&. The system will never reach T {because then the current would
be zero)

b. 1f the heat leak to the cold reservoir changes (eg. increase
due to bad vacuum) the heater current has to becomelargey and
this can only happen if 8T is larger: thus the final equili-

brium temperature will depend on the size of the heat leak,

2. Integral Control X
In this case one uses an integrating amplifier so that its output

voltage is given by the relation:
t
Voue (T = uif [V(T)-V(T,)] &t
)
and, consequently, the heater current will be

I, =- Bi (T-TO) dt

L

The system's temperature
will now evelve in time as
sketched in the figure. At

a time t the Theater

current is propoxtional te

the shaded aresa. Conse-
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quently, the current will reach & maximum when T resches T, and
will only then start to decrease, The temperature will oscillate
slowly to the desired temperature TO.
The advantage of this integral control 1is that the system can
never deviate for a long time from T,; a disadvantage is that

there is a tendency fox the temperature to oscillate around To.

3. Differential Control
In this case an amplifier is used which gives as output
O Avm v} dv(T) .
— ) - - o)
ch{: (T)"' (xd K - d\d 4t dd <

and, consequently T+
ITu=p < g <O
H 2 4+
This type of control will obviously try to prevent oscillations of

the systen.

4, P 1D - eontrol
In general one combines the three types of amplification in one

amplifier so that t aT
T,=Pe (T-T. )+ J(T"'o).dt gl % v

Bp, B; and Ed can then be changed independently. Experimentally

or, i{f one knows all parameters of the system, by solving the

-

differential equation, one can find the best choice of Bp. Ei’ and

Ed for most suitable contrel.

At very low temperatures cne often uses only propoxtional contrel
and diminishes the before mentioned disadvantages by using high
amplification. 1f eg. Ty-T, is enly 10 =K, T, will not change by .
more than 2%10 mK unless the heat loss will change by more than a

factor of two. .

For complicated systems one tries to solve the equations and
calculate best values for Ep. Si and Ed. For example we heaxd that
Shell 0il Company made extensive calculations for controlling the
spatial position of ofl-drilling equipment at sea.

e P
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Principbe of the SGUID (Supercenduc ting
Quantum Interferometric Device)
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