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Experimental

————- Mass Formula

N

MASS UNITS X103

40 4 42 43 a4
ATOMIC NUMBER

THE EXPERIMENTAL AND THEORETICAL
PARABOLAE AT MASS 96.

2
ASSUMING A FORM (ZM‘-Z,M‘)=g(z-z.) , THE PARAMETERS
IN THE EXPERIMENTAL CASE ARE B31.55;Z.s42|

AND IN THE THEORETICAL CASE ARE B=1.94;Z =4/.8
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Tablo I - IMass Spectrogravhic Ilass Differences

luelides Mass Difference (mU) Previous lieasurements
184 _ 5p92 69.79 + 0.14 74.1 + 1.8
69.3 + 0.4°
%188 _ 92 68.45 + 0.22
205188 _ pp94 71.34 % 0.12
105188 _ 0% 72.56 £ 0.16 73.1 + 2.8%
106192 _ 5% 71.83 + 0.24
108192 _ 1109 75.46 + 0.14 72.8 & 2.9°
208192 | py96 72,44 + 0.17 75.9 + 1.9°
73.4 £ 1.3°
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Since the vnroton resonance absorption curve has a continuously
changing slope, a 400 cycle sine vave fiold modulation does not result
in a 400 cyecle sine wave amplitude modulation of the r-f oscillations.
In order to obtain an outyut from the phase sonsitive detector of the
form shown in figure 8 it is necessery to pass the detected sipgnal through
a narrow band smolifier which emplifies only the 400 cycle sine wmve
component of the signal before feeding it into the vhase sensitive de-
tector. The properties of the curve in figure 8 in the region il are
suitable for regulating the msgnet current since a positive or negative
error voltage is obtained for a value of the field below or above resonance.

Desipgn of Apparatus

(1) Introduction

Experiments have been performed which have led to the design of
a proton resonance controlled mognetiec field strength regulator. These
experiments have been ocarried out using a rectangular yoked electromagnet
vhose map width is 0.87 in. and vhose pole faces measure 8 in. by 4 in.
The magnet coil used was one of the twenty-eight identieal coils constructed
for use in the large momentum analyser now beinz dbuilt. The magnet current
povier supply used vas the one designed for use with the large analyser and

is described on page24.

(2) A Transitron Nucleor Resonance Detector

Our initial experiments to detect the proton resonsnce vere made
using a transitron, negative resistance oscillator cirauit designed by
Knoebel and Hhhn(sz). This circuit uses frequency modulation rather than
the more conventionzl field modulntion. This unit vas found to be extrenmely

mierophonic because of the effect of jarring on the motion of the vibrating
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(4) The I'roton Semple

In the experimental work ferrlic nitrate solutions of various
concentrations were used as the sample siuce they geve rice to a2 relatively
large resonance signal. A glass vial of such a size as to f£it snugly in-
side the r-f coil cf the probe served as a container. The glass vial to
be used in the probe now under construction will be made from thin-valled
glass tubing. The concentration of the ferric nitrate solution to be

2
used as the sample will have to be determined by expariment(24)("7).

(5) The Field Modulator

In order to make possible the use of a 590 cycle narrow band
amplifier which was kindly made svailable to us by Dr. G. A. Miller,
Chief of the Microwave Section of the Radio Laboratory of the National
Research Council, we have‘chosen a 390 cyocle field modulation freguency.
Field modulation is provided by feeding the output from an audio osecillator
into the pair of coaxisl coils mounted in the probe.

The audio frequency oscillator shown in figure 12 is the Viien
bridge type oscillator which Thomas has used(24) to supply the field modulat-
ing coils. The ganged-potentiometer R} and Rz permits the oscillastor
frequency to be varied. Two individually controlled output voltages from
the oscillator feed the sinzle stage triode amplifiers which are transformer
coupled to the modulating coils nnd the phase detector. A switching arrange-
ment, shovn in figure 13, is used which permits the oscillator output to be
fed directly into the narrow band amplifier vhose output is then fed into
an oscilloscope. Uith these connections the oscillator can be adjusted to

the 390 cycle frequency for which the amplifier has the maximum gain.
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(9) The Anti~hunt Cireuit

The use of 390 ¢ycle f£ield modulrtinsn makas it possible for the
proton resonance fleld discriminator to compensate only for those effects
whieh vould otherwise vproduce slo:r changes in the mapgnatic field strength.
To compensate for those effeets which would otherwice nroducea reznid
changes some other method must be used. Severel feedbzck networks which
provide an output provortional to the time rate of change of current
through the mognet coil have bsen tried. An attempt to usse the magnet
as a transformer in orderto obtzin the feedback voltage vms unsuccessful.
The large distributed capacitance of the megnet coil introduced phase
shifts vhich resulted in the current induced in the sacondary coil deing
less than 90° out of phese with the current through the primery coil at
frequencies above 200 cyeles. Usa of a raference resistor nnd resist-
ance capacitance coupling vias then tried s2nd found to be satisfactory.

The circult used is shovm in figure 15. The B6AC7 amplifier hns
2 gain of 155 over the freauency range from 14,5C0 to less than 20 eveles
per second. The high gein at low fregquencies results {rom the use of 10mfd
coupling condensere. The effect of the feedback loop is to grestly
lengthen the time comstant of tke megn=t and this makes the seerch for
the proton resonance vory tedious. To elininate this undesirsble be-
haviour two separate input circuite are proviced in the feedbock loowv,
Use of the 0.1afd input capacitor (Cpg) resulte in a decreased gein in
the loop ot low frequencies permitting = more rapld chenge in the magnet
current. The switching arrangenent shown vill mske it possidle to in-
crease the lov frequency gain of the feedback loop before applying the

proton resonance signal to the phase detector. Experiments hove shown















LIST OF COMPONENTS

Regulated Pover Supply (figure 14)

VI 4G

va2 3-€6R4G tubes in parallel

v3 12SH7

V4 VE 150

T1 HAMMOMND Special Transformer 432117

Ll BAXZSOND 10-200% choke

L2 HAMMOND 10-200X choke

Cl 10 microfarod, 600 volt electrolytie condenser
c2 10 microfarand, 450 volt electrolytic condenser
C3 10 mierofosrnd, 450 volt electrolytic condenser
R1 15,000 ohm, 10 watt v.w.

R2 50,000 ohm notentiometer, w.i.

R3 10,000 ohm, 10 wmtt w.w,.

R4 100,000 ohm, 20 wott t.v.

R5 30,000 ohm, 10 wott w.v,

R6 7,000 ohm, 10 watt wae.

R7 100,000 ohm, 2 vmtt enarbon

R8 330,000 ohm, 2 vatt carbon

R9 750 ohms, 100 vetts ~djustsble w.i.

r10 750 ohms, 100 watts =4 justadble 7.7









Ve

V1o

Cc23

C24

C25

cz2ée

cav

R35

r36

R37

k38

R39

R40

R41

Vil

via

V13

T4

cas

Cc29

C30

31

Preamplifier (fipure 11)

125H7

1275GT

24 microfarad, 150 volt electrolytic
0.1 mieroferad, 600 volt paper
0.00& microfarad, 600 volt paver
1 microfarsd, 250 volt paver
0.05 microfarad, 6CO volt paper
3,300 ohm, 1 wmtt carbon

1 megohm, 1/2 wmtt carbon
470,000 ohm, 1 watt carbon

1 megohm, 1/2 wvatt carhon

1,200 ohm, 1 watt carbon

180,000 ohm, 1/2 wett carbon
22,000 ohm, 1 watt carbon

Phase Detector, Control Tube and Anti-Funt Cirecuits

(fipure 15)

807

807 Twio tubes used with test megnet. Ten tubes in noarallel
will be required for the comvleted unit.

6AC7

EAMMOND Transformer #331

IN34 crystal diode

IN34 crystal diode

45 volt battery

0.1 microf=rerd, 600 volt vever

10 microfarad, &CN volt ofl-filled

500 microfnrad, 6 volt elactrolytie
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