













































































for winding the resistor on the rope former, and this
had tc be done by hand; it proved to be a very laborious
task.

The copper wire was doubled, and the twin thread wound
onto the rope, with a separation of about 1/16 inch
between strands. It is evident that in a bifilar winding
a short circuit between adjacent strands would short out
part of the resistor; it was therefore decided not to rely
on the enamel insulation of the wire, and great care was
taken to prevent two strands from touching. As soon as
the winding had been completed; the resistor was coated
with shellac to fix the wire in pleace.

A thin wire responds rapidly to changes in air temper
ature; therefore it is not necessary to pléce any part of
the resistor in the stream of incoming air (as was the
case with the tube of the paraffin regulator). .occause
no part is 1n the zir stream, it is essential that the
resistor should not be heated by radiation from sources
of heat in the room; for this reason it was painted with
aluminium paint; and was mounted so as to be exposed as
little as possible to-—adiant heat. (The section sbove
the bridge can be seen in Plate II). No attempt was made
to adjust the value accurately to 200 ohms, as it was
less trouble to wind three resistors of the bridge to

appreoximate values, and then adjust the fourth to the














































































FIG. VI(A), C

ICUIT OF REGULATED POWER SUPPLY
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but as the oscillator does not contain any inductance,
this precaution is probably unnecessary.

Because of the large number of components in the
CR networks, and the necessity for making the trimmers
easily accessible, all these components w
a separate chassis mounted beneath the ma
This type of construction has the additio
that the heat from the tubes does not rea
of the CR networks: thermal drift of freqg
avoided.

All controls are brought out to the fr
They are:~ the power switch S; with pilot
plate supply voltage control R?’ with vol
degeneration control RS; the output contr
freguency-selector switch 8152, and the f£
adjustments, Cgt, Cpts Cots Ogts Cets the
Rg-Rg-R71; and the switch Sg.
(Note: Sz was installed so that the oscil
can be connected directly to the X-axis s
the oscilloscope, which can then be used
the voltage applied to the bridge.)

The amplifier (Pig. VIII)

In the Gledhill bridge the two chief f
the sensitivity are stray a.c. pick-up fr

parts of the bridge, and the impure wave-































































strip of ebonite to a spindle passing through the centre
of the disc. The other end of the spindle is fitted with
a 2 inch bar knob, which indicates the slidewire setting
on a circular scale on the front panel. Ekeadings on the
scale are easily reproducible to within 0.001 ol

The method of connecting the slidewire is that used
by Dike {(16). It has the advantage that the resi~*-nce
of the sliding contact is in séries with the amplifie.
input. Dike states that the method of connect..g Gs t
Cy introduces a negligible error, and this has been c¢
firmed by calculation. It should be noted that when -
point of contact is moved, the resistance is increaset
on one side of the bridge and decreased on the other.
for this reason the range of the slidewire is twice 1
total resistance.
(Note: The slidewire had not yet been installed at t!
time the photograph {(Plate VIIL) was taken. It is mor

in the blank space beneath the tens decade. )

The parallel condensers in the measuring arm (GS)‘
the cell arm,(Gé) of the bridge are ordinary variable
condensers of maximum capacities 340 pF and 105 p¥ re
tively. lThere is a pair of terminals for the connect
of fixed condensers in parallel if the capacity of 05

not sufficient; the “additional' condensers are of th















method has the serious disadvantage of being time-
consuming, quoting a standard discharge time of 50,000
seconds. The necessity for such a long time was due to
the fact that he used a standard condenser of capacity

2 microfarads. As the time t required for discharge is
proportional to CR (where ¢ = capacity of condenser, and
R = resistance being measured), it is clear that t may
be reduced by using a smaller capacity. Using a capacity
of 0.338 microfarads, it was possible to cut down the
discharge time to 3,600 seconds, which i. not excessive.
In spite of the smaller capacity used; 1t was found that
a potential of only C.75 volts was sufficient to give

full scale geflection of the galvanometer.

Insulation tests were carried out on the‘following:
(1) Two of the knife switches which had been rebuilt,
chosen at randoms.

(ii) The two parallel condensers, ( and Og4.

(iii) The additional condensers used In parallel with Cg.
In all cases the insulation had a resistance greater
than 1010 ohms.

It was unnecessary to test the insulation between the
two "additional capacity' terminals, or that of the
shielded wires, as leaks in these instances would be to
earth, and would therefore be belanced out by the Wagner

earth.



Conditions for balance of the bridge

The actual eguivalent circuit of a conductance cell
is not known, but it is generally assumed that it can
be represented approximately by a resistance (the true
resistance of the cell) in series with a capacity (Cg);
the circuit of the conductance bridge is then as shown
in Pig. X(A).

The general condition for balance is

where 7 = a.c. impedance of each arm.
Now 29 = Zg (approximately).
Therefore for balance Zz = 74.
'

By imagining a capacity 04 in parallel with 25 anc

Z,' (Fig. X(B}.), it can eassily be seen that Zz = Z4

Let C5 - 04 = C

Then, using the well-known formula for impedsnces in

parallel
=1 :
23? B Rge & RS JPCR5
Ry - =& 1 + p2cRR,° 1 + p2neg,
P

where p = 2T times the a.c. freguency
and j is the symbol of rotation of a vector throt h 900;

j = "1.
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a second bridge output amplifier; switch 85 (Pig. IX)
would be eliminated, and the operator would he

to balance the measuring arm and Wagner earth

eously. In cases where the conductance is cha:
rapidly this arrangement would greatly imcreas
accuracy of the bridge.

Bridge circuit: In view of the superior insul

lower capacity per foot of coaxial rcable compa
ordinary shielded wire, it is recommended that

bridge circuit be rewired with coaxial cable.

Calibration of ths bridge {(Oct. 1949 and Aug.

The calibration of the bridge was done in t
(i) The resistances in a separate decade resi
were intercomparéda (This box will hereafter b
(ii) The bridge resistances were compared with
tances in .

This rather involved procedure was adopted bec
-did not appear to be a simple method of interc
the bridge resistances directly.

Q@ was originally an ordinary d.c. resistancs
five decade units (1, 10, 100, 10CC and 10,000

Toc facilitate the intercompariscon, the switchi:





















B.._THEVAI
The following apparatus was used in addition to that
described in Part I:
Bale..;es

B I is a Xuhlmann microbalance (beam length 7 cm.)°

This balance is not in perfect condition, but with light
loads will weigh to within 10 micrograms.

B IT is an air-damped 2Jertling balance fitted with a
device whereby all weights less then 1 g. can be manipu
lated with the belance case closed. Maximum load is
100 g., accuracy 0.1 mg. This balance is mounted on th
slate slab in the c-t room.

B . . 1is a large Sartorius balance, maximum load

0 g.

Tue difference in length of the arms of each balance
was “~*ermined by the double-weighing method: a suitabl
cori...ion was applied to all weighings. In the case o
B I ths correction increased slowly, and was redetermi
occasionally.

Weights

W I is a box of Grade A plated-brass Sartorius weigh
(10 mg. to 100 g.), which was used with B I and B IL.

W TI is a box of brass weights (
which was used with B ITL.

W III is the set of riders suppl



to 0.5 g.); these were used for all weighings on B II.
The two 10 g. weights from W I had very nearly the
same mass, and the mean was taken as 10,0000 g. Al
weights le=s than 10 g. were compared with these on B I
(to 10 micrograms); this calibration was repeated several
times. Weights from 10 to 100 g. from W I, all weights
less than 100 g. from W II, and the weights W III were

intercompared on B II. The other weights from W II were

compared on B IIT.

Conductance rells

Pyrex
Two types ofAconductance cell were used:

(i) A cell designed by Gledhill for conductimetric
titrations, in which special care was taken to avoid
"Parker effect” (39). The original design was modified
to give better stirring; the new version is shown in
Fig. XI.

When in use, purified air from coil A (p. 26) is
passed through tube A to stir the solution in the cell
and remove carbon dioxide; while taking readings the
stirring is turned off, and air from coil B is passed

wrough tube B to prevent back-diffusion of carbon
dioxide. The top of the cell is normally covered with
a closely-fitting glass cap (the £it is not close enough
to impede the circulation of air).

The cell is supported in the thermostat by the rubber













































Note: Par.cr effect in Cell IV  rst became apparent
when measuring the conductivi 0.000784 N sclutions,
and was shown by an upward turn in the extrapclat..a
curve at higher frequencies (see Fig. XVII). To confirm
that this was due to Parker effect, some of the solu.ion
wag poured out, so that the tube 5 was empty (thus effec-
tively making an crdinary Jones cell); the upward curve

then disappeared.




































I1rst 1n getting reproducible results with elti 111, and
it was some time before the trouble was traced to:
(1) a bubble lodging in the lower end of tube S, which
caused the cell to have a variable resistance dep
on the size of the bubble. A tap, opening to the
phere, was sealed into the glass tube connecting
(Fig. XII) to coil A; by opening this tap momenta
Just before measuring the resistance, the excess
in coil A was released, thus removing the bubble.
(ii) Condensation of water in the cool parts of t
connecting tube mentioned above. PBecause of this
alr going into the cell was not saturated witr wa
vapour, and removed water from the solution; this
the conductance to increase by about 0.003% per h
Although wvarious attempts were made, there did no
to be a simple way of preventing this. F®ventuall
decided to keep the time and rate of bubbling con
so that the change in concentration would be the
all solutions, including those used for cell cons
terminations; the errors would therefore cancel o
calculating conductivities.

The standard procedure finally adopted was as

















































































