
Dec. 8, 1953 P. ROBINSON ETAL 2,662,185 
MASS SPECTROMETRY 

Filed June 28, 1951 2 Sheets-Sheet l 

AELAAVA. A. ROS/WSOW 
AlapCOLA) ASA/BAW 
WAZ7AAR / AFRSCHEAPG 

INVENTORS. 

BY 

2-4 a 2-af 
A77OAPWEY 

  





Patented Dec. 8, 1953 2,662,185 

UNITED STATES PATENT OFFICE 
2,662,185 

MASS SPECTROMETRY 

Leland P. Robinson and Haroli W. Washburg, 
Pasadena, and Walter J. Hirschberg, La Cres 
centa, Calif., assignors to Consolidated Engi 
neering Corporation, asadena, Calif., a corpo 
ration of California. 

Application June 28, 195, Serial No. 234,688 
9 Caims. 

1. 
This invention relates to Ina SS Spectrometry and 

particularly to improved innethods and apparatus 
for neasuring isotope YatioS. 

in the practice of naSS spectfoliaetiy a Sample 
to be analyzed is irst ionized, as by bombardment, 
With an electron bears. The resulting iOils are 
segregated according to their na SS-to-charge ra 
tio, i.e. specific mass, and the iOS of a given Spe 
cific mass are selectively dischai'ged. "ine Cir 
rent produced by such selective ion discharge 
gives a, inseasure of the partial pressure in the 
sample of the parent, molecules fron which the 
particular ions derived. 

in terms of apparatus, a naSS Spectrometer 
generally includes an ion soul'ee, an analyZer 
chamber, and a collector electrode together with 
associated power supply circuits, airplification 
aid sensing circuits, and the like. The Sample is 
introduced into the ion source wherei) it is ionized 
and tile ions are propelled from the Source into 
the aralyzer charinbei as a heterogeneous beam. 
in the analyzer charinbei the heterogeneous bean 
is subjected to a transverse intagnetic field. Where 
by ions of differing mass-to-charge 'atio are 
caused to foilow different paths through the 
chamber. A single resulting bearin inay be for 
cused on the collector electrode CT a plurality of 
beams inay be successively focused. On the Col 
lector by varying the parameter's determinative 
of the ich paths through the analyzer. 

Recently mass spectroinete's have been adapt 
ed to measurement of isotope ratios by inclusion 
therein of a pair of collector electrodes. One of 
these electrodies is referred to as the "low current 
electrose' and at Winich the ion bearin derived 
fron molecules of a low abundance isotope is dis 
charged. She other electrode is referred to 2S 
the “high current electrode' and the ion bearin 
or beans of the more abundant isotope or iso 
tees are focused on and discharged at this elec 
trode. For exay ple, consider the analysis of a 
sample of carbon dioxide to determine the irel 
tive abundance of the C13 and C1 isotopes. Cl 
being the most abundant, the CC2% ions will be 
foguised on the high current collector and the 
(CC245 ions Wii e focuses on the low curret, Cole 
iector. 

In isotope ratio analysis it is generally desired 
to theast's the ratio Gf the ion currents rather 
than the absolute value of each of the compo 
nents. Accordingly, the amplification and re 
cording circuit connected to the two collector 
electrodes is often arranged as a lull balance net 
work, wherein the current developed at one col 
lector is effectively divided by the current de 
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veloped at the other collector to give a recorded 
value representative of the indicated ratio. 

Collector circuits of this character are illustrat 
ed and described in Some detail in United States 
Patent 2,456,426 issued to Aifred O. C. Nier on 
i.ecember 14, 1943, and in co-pending United 
States Patent Application, Serial No. 104,030, filed 
July 1i, 1949 by Robert L. Sink. In the network 
described in Said co-pending application, first and 
Second aimplifiers are connected to the high and 
low current electrodes respectively, a potentione 
ter is connected across the first amplifier and the 
tap of the potentionetter is connected to the in 
put resistor of the Second annplifier. is servo 
System is connected to be operable responsive to 
the output of the Second araplifier to adjust the 
tap of the potentioneter to the point where 
there is no output from the second amplifier. Re 
cording means record the excursions of tine poten 
tionetter tap in maintaining the null balance. 

in this System a signal is fed from the high 
current amplifier through the potentionetter to 
the input of the low current amplifier for the 
purpose of balancing the current fed to the low 
Current amplifier from the low current collector. 
When there is any change in the relative aipun 
dance of the ion Striking the two collectors, the 
balance in the System will be disturbed so that a 
Signal appears at the output of the low current 
amplifier. This siginal drives the servo system to 
adjust the potentiometer tap to return the sys 
ten to a null condition. 

It has now been found that pressure variation 
in the ion Source may have an appreciable effect, 
On the isotope ratio measurement independent of 
isotopic abundance. For example, if it is de 
sired to continuously measure and record tine con 
centration of deuterium in water saiyapies, the 
ratio of deuterium to the Suna of cieuteriu Yin plus 
hydrogen is recorded. En practice the desired re 
Suit is accomplished by measuring the ratios of 
n/e 19 to m/e 18 ion currents generated by ioni 
zation of the Water Sample in the ion source. 
The Significant contribution to the In/e i3 ion 
current is iii O.; the Significant contribution to 
the m/e 18 ion current is H2O. 
AS an undesirable by-product of the icinization 

of the Water Sample, H3O ions are generated. 
These ions, which are termed 'isobaric ions, have 
the Same Specific mass as do the Ho ions; there 
fore, in Order to obtain a true indication of dieu. 
terium concentration, the contribution of these 
isobaric ions must be compensated for by sorne 
method. It has been found that the ion cirrent; 
produced by these isobaric ions is proportional to 
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the Square of the partial pressure of water vapor 
within the ion source; the error introduced in the 
sensed ratio being therefore proportional to this 
partial preSSure. 

It has been proposed as a means of eliminat 
ing the error factor due to isobaric ions that the 
total inlet Sample pressure ahead of the molecu 
lar leak into the ion Source be maintained very 
nearly constant, as for example at 100 microns 
plus or minus 2/2% and electrically Subtract out 
the isobaric ion contribution to the desired ra 
tio. ihis method has a number of disadvan 
tages. Apparatus for maintaining total inlet 
pressure within the allowable tolerance is ex 
tremely expensive. The method contemplates 
only regulation of the total pressure. If there 
should be any Significant quantities of impurities 
in the sample, the partial pressure of Water vapor 
will vary with variations in impurity concentra 
tion, and since the isobaric ion contribution is a 
function of the partial pressure of the Water va. 
por, error may be introduced independent of to 
tal pressure variation. Moreover, the error re 
Sulting from the presence of isobaric ions is, as 
mentioned above, proportional to Water vapCr 
pressure inside the ion Souice and rigorous Con 
trol of the pressure on the downstream side of 
the sample leak will not necessarily result in 
equally rigorous control of the pressure within 
the ion source. it is quite possible that varia 
tions in leak rate may occur, as for example due 
to partial plugging of the extremely Small leak 
orifice, or that pressure in the ion Source may 
vary independently of Sample preSSure due to 
temperature fluctuations or other factors. 
In accordance with the present invention. We 

propose to sense variations in palitial preSSure of 
water within the ion source itself ratinel tihan by 
means of a separate external transducer, and to 
accomplish this sensing based on n/e 13 ions. 
The magnitude of the m/e 18 ion current as 
measured by the output voltage of the corre 
Sponding amplifier, is a function of vario S pa 
rameters, as follows: 

(a) Directly proportional to the partial pres 
sure of water vapor within the ionization region 
of the ion Source; 

(b) Directly proportional to the intensity of the 
ionizing electron beam; 

(c) Directly proportional to the resistance of 
the input resistor of the respective ainplifier; 

(d) Directly proportional to the gain of this 
amplifier; and 

(e) Some undetermined function of the relative 
potentials applied to the various electrodes in the 
ion Source. 
Under normal operating conditions, the last 

four of the above listed parameters will be held 
essentially constant over at least a 24 hour period 
so that magnitude of the n/e 13 ion current be 
comes dependent solely on the partial pressure of 
Water vapor within the ionization chamber. As 
a result, variations in the output voltage of the 
high current amplifier will be an accurate meas 
ure of variations in the partial pressure of water 
vapor within the ionizing region of the ion source. 
The present invention contemplates utilization 

of the variation in output voltage of the ampli 
fier connected to the high current collector, i. e. 
the collector on which the m/e 18 ions are dis 
charged to apply a compensating factor to the 
ratio measurement of the null balance network. 
This method is applicable to eliminate error due 
to isobaric ions when the ratio between the iso 
topes to be measured is extremely large, as for 
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4. 
example where the total concentration of HDO in 
the Water is 0.1% or less. When relative con 
centration of Hi)O and H2O is less than of 1%, 
a Significant change in HDO concentration does 
not appreciably vary the H2O concentration So 
that for all practical purposes any change in par 
tial pressure of water vapor will not be as a re 
Sult of change in concentration of H2O but will 
be due to fluctuations in inlet pressure or the 
variations in impurities in the sample. As a re 
Sult, any variation in the H2O partial pressure, as 
reflected in variation in the output of the high 
current amplifier, will be reflected in variation of 
the abundance of isobaric ions, and the total 
variation in the amplifier output may be used to 
determine the applied correction factor. 
The invention therefore contemplates in maSS 

spectrometry wherein isotope ratios are deter 
mined by ionizing a Sampie, Segregating ions of 
the isotopes to be determined, separately dis 
charging the ions of these isotopes. and deter 
mining the ratio of the discharge currents there. 
by produced, the improvement which comprises 
Separately Sensing variations in One of the dis 
charge currents and varying the determined ra 
tio in proportion to Such variation, 

In another aspect the invention contemplates 
in an isotope rationaSS Spectrometer having dual 
ioin collectors and electrical means for determin 
ing the ratio of discharge currents developed at 
the collectors, the combination comprising means 
operable responsive to variation in the discharge 
current at one of the collectors to vary the ratio 
in ploportion to Such variation. 

Several means. Inay be employed to introduce 
the compensating factor to the null balance nets 
work. The Simplest of these means comprises 
manual adjustment of a coinpensating resistor in 
proportion to variation of the Output of the high 
current amplifier. This means is relatively un 
Satisfactory, particularly where continuous anal 
ySiS is Sought. In preferred practice compensa 
tion is carried out automatically, as for example 
by means of a servo System operative responsive 
to the Variations in output of the high current 
amplifier to vary the Setting of a compensating 
resistor in the null balance network or by means 
of an electronic amplifier connected to feed an 
auxiliary current through a fixed resistance lo 
cated in the null balance network, the magnitude 
of this auxiliary current being proportional to 
the difference between the high current ampli 
fier output voltage and a reference voltage. 
The invention will be more clearly understood 

by reference to tie following detailed descrip 
tion thereof taken in conjunction with the ac 
companying dra Wing, in which: 

Fig. 1 is a diagrammatic illustration of one type 
of mass Spectrometer; 

Fig. 2 is a circuit diagram of one eribodiment 
of the invention, and 

Fig. 3 is a circuit diagram of a second embodi 
ment of the invention. 
The conventional 180° magnetic analyzer mass 

Spectrometer shown diagraminatically in Fig. 1 
has an ion source : , an analyzer tube 2 and a 
pair of ion collector's 3, 3A, all disposed within 
an envelope 4. Analyzer tube 2 is provided at 
the end adjacent the ion collectors f3, 3A with 
So-called resolving or exit slits 5, SA, respec 
tively, through which the ion beams are focused 
on the respective collectors. An election gun (not 
shown) develops an electron beam is which is 
projected through the ion source between a 
pusher electrode or a pair of pusher or re 
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peller electrodes and a first accelerator electrode 
38. The first accelerator electrode 3 and a sec 
Oind accelerator 25 Spaced therefron are provided 
respectively with a first slit 8A and a second slit 
2 A through which ions formed by the beam 3 
aire Coiliinated and propelled into the analyzer 
tube 2. 
The spectrometer is provided with an envelope 

exhaust line 24 which may be connected to a mer 
cury diffusion pump, molecular pump or any ap 
propriate evacuating system (not shown). The 
analyzer tube may be provided with ports 25 by 
means of Which the iOn Source and the analyze: 
tube are evacuated through the envelope. Al 
ternatively, the envelope may be foliitted by 1inal:- 
ing the analyzer tube 2 gas-tight and atta (iiilg 
the evacuating System to it by means which are 
well known in the art. 
An inlet line 25 provides means for introducing 

the sample to be analyzed either continuously or 
intermittently into the ion source f . The ions 
formed in the source are propelled theref'On aS a 
heterogeneous beam into the analyzer tube 2. 
In the analyzer tube the heterogeneous bearin is 
segregated into diverging ion bearns, each beath 
being composed of ions of a given Specific maSS, 
the ion segregation being brought about by means 
of an electrical or magnetic field established 
across the tube transverse to the direction of ion 
travel. Means for obtaining Such a transverse 
field are Well known and form no part of the 
present invention and may comprise nagnet pole 
pieces (not shown) disposed adjacent opposite 
Walls of the tube. The diverging ion beans are 
focused on the ion collectors 3, 3A through th9 
exit slits 5, 5A by adjusting the potential ap 
plied to the accelerating electrodes it, 3. In the 
specific example considered, HDO ions as well as 
any isobaric ions formed in the System. Will be 
focused through the exit slit f5A to fall on col 
lector 3A, and H2O ions will be focused through 
exit slit 5 to strike the collector 3. The ions of 
the heaviest mass assume paths of travel of the 
greatest radii. The collector electrodes 3, 3A 
are connected to an amplification and recording 
system (not shown in Fig. 1), by leads 28, 28A, 
respectively, sealed through the tube A. 
The mass spectrometer illustrated in Fig. 1 is 

only one of many conventional types. The in 
wention is directed to improvements in Ina SS 
spectrometers of any type capable of measuring 
the relative abundance of isotopes in a Sample. 
In accordance with the invention, the leads 28, 
28A are connected to an amplification and re 
cording systern of the type shown in Figs. 2 or 3. 

Referring to Fig. 2, the high current collector 
3, this being the collector on which the more 
abundant H2O ions are discharged, is connected 
to a feed-back type D. C. amplifier 33. The feed 
back system of the amplifier is shown diagrain 
matically only and includes a lead 3 connecting 
output lead 32 with the input lead 28 through an 
input grid resistor 33. The low current Collec 
tor 3A is connected by lead 23A to a D. C. ampli 
fier 36 provided with a zero set adjustment 3B. 
The output lead 32 of the high current anglifier 
30 is connected to one end of a voltage dividing 
network 49 including resistors 4, 42 and 2. 
tapped-off resistor 43 serially connected between 
the lead 32 and ground. A sidewire potentioral 
eter 44 is connected to the voltage dividing net 
work 4 across the resistor 42. The tap 44A of 
the potentiometer 44 is connected by a lead 38 to 
the input lead 28A of amplifier 36 through an 
input grid resistor 48. 
amplifier 3G is connected to drive a servo Systern 

The output side of the 
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50 which in turn is connected to control the posi 
tion of the tap 44A along the slidewire potention 
eter 44. A recorder 52 is ganged to the system to 
record the excursions of the potentiometer tap 
44A. To this extent, and with the exception of 
the arrangement of the voltage dividing network 
46, the system is substantially the sa:mie as that 
described in the prior art for this purpose. 

Before the ion current is turned on, i.e. before 
the current is being delivered from the collector 
electrodes to the ailplifiers, anpifier 33 is ado 
justed for Zero output by means of the 2ero set 
control 3. In the circuit as illustrated, it should 
be pointed out that zero balance results in the 
pen rinoviing at Zero rate regardless of position. 
With amplifier 38 balanced, the ion current, is 

turned on and the circuit autoanatically adjusts 
itself to indicate the correct isotope ratio. The 
signal applied to airplifier 36 fron collector 3 
is applied to the Voltage divider network & with. 
out Voltage amplification, since amplifier 33 is 
a feed-back amplifier having a unity gain. Afte: 
the magnitude of the output signal from airpli 
fier 3 is adjusted in the voltage divide A it is 
applied across the potentionineter 84. A portion of 
this signal is tapped-off by tap is 3A and applied 
through grid resistor R3 to the input of anglifie" 
36. When the signal tapped off the potention 
eter A4 and applied to the input of the airpi 
fier 36 exactly balances the signal froii the low 
current collector 3A, the output of the ampli 
fier 3S will be at zero level. There Will then be 
no signal applied to the Servo Systein 55, and the 
tap 44A will remain at a fixed position. When 
the ion current at 3A varies, the resultant un 
balance output of araplifier 35 will actuate the 
servo systern to vary the settling of tap 45A to 
rebalance the network. 

In accordance With one embodiment of the 
present invention, as shown in Fig. 2, a servo Sys 
tem is connected to the output lead 33 of the high 
current anplifier 3 to adjust the position of the 
tap 33A on the resistor 43 in the voltage dividing 
circuit 46 in proportion to the variations in the 
amplifier output. This systern includes a servo 
amplifier 54 into which the otput of amplifier 
39 and a reference voltage signal are fed. The 
reference voltage is derived from a voltage source 
55 connected across a slideWire potentiometer 56, 
a fraction of the Voltage across the potentioini 
eter 55 being tapped therefrom and fed to the 
servo an plifier 54. The airplifier is so construct 
ed as to a plify Only the difference between the 
output voltage of the high current airplifier and 
the reference voltage, the amplified difference 
being applied to drive a servo inotor 3, which is 
connected to adjust the positions of tap 3A, 
along resistance 3 and tap 55A of the potenion 
eter 56. The effect of the vai'iation of resistance 
between resistor 42 and ground in the voltage 
divider network & B, such variation being brought 
about by variation in the poition of the resistor 
43 tapped-off by the tap 3A, is to shift the po 
tential of the X-end of the potentioxeter is with 
respect to ground, i. e. to Vary the potentionetter 
to ground potential. If the error factor was of 
any appreciable magnitude, a second variable or 
compensating resistor would have to be located 
between the resistor AA and the potentioineter fé 
to avoid a change in voltage across the poten 
tionetter. Since the error factor is Sinal as co::-. 
pared to the voltage across the potentiometer is, 
the additional compensating resistor can be 
eliminated and for all practical purposes the 
effect of the adjustment of resistor 43 is to shift 

; the potentiometer to ground potential Without 
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varying the voltage across the potentiometer. In 
other Words, the Voltage change across the slide 
Wire 44 is negligible, the important result of the 
compensating network being to vary the voltage 
at the X-end of the potentiometer with respect 
to ground. 
As fully described above, the effect of introduc 

ing this compensating function into the ratio 
measuring network is to balance: out any spuri 
ous variation in ratios brought about by fluctua 
tion in the partial pressure of water vapor in the 
ion source, which fluctuation causes a propor 
tional variation in the presence of objectionable 
isobaric ions. 
Another means for accomplishing the same 

end result, is shown in Fig. 3. The circuit shown 
in Fig. 3 is, in many respects, identical to that, 
shown in Fig. 2, including, the amplifiers 30,38, 
feed-back loop 3 through grid resistor. 33 to the 
amplifier 3 and the feed-back loop 46 from po 
tentiometer tap 44A, and through grid resistor 43 
to the input of the amplifier 36. The output, 32 
of the amplifier is again connected to one end 
of a voltage dividing network 40 including re 
sistances 4, 42 and 43 serially connected between 
the output lead 32 of the amplifier. 30 and ground 
and a slidewire potentionnetter 44 connected across 
the resistor 42. In this, embodiment, a compen 
Sating function is applied to the rationeasuring 
System by means of a direct current electronic 
amplifier network including a comparator tube 
60 and a cathode follower, 62. In the comparator 
tube 60 a signal is developed in the plate circuit 
proportional to the difference between a refer 
ence signal derived from a voltage source 64 and 
a fraction of the output signal of the amplifier 
30 as tapped-off a slidewire 66. The two signals 
are applied to the grids of the comparator, tube: 80 
and the unbalance signal, if any, is applied to the 
grid of the cathcde follower 62. With this sys 
tem, when the output of the high current ampli 
fier varies So that there is an unbalance in the 
signais applied to the grid 69, a currentis initro 
duced to the voltage divider network 43 at the 
point Y between the resistors 42 and 43 so as to 
vary the voltage drop across the network and 
shift the potential across the potentiometer 44 
with respect to ground. As in the system of Fig. 
2, this shift is accomplished without significant 
change in the voltage across the potentiometer, 
the current flow upwardly in the voltage divider 
from the point of introduction at Y being negli 
gible in comparison with that flowing through 
resistor 43 to ground. 
The functioning of the Systern of Fig. 3 is suh 

stantially identical with that of the System of 
Fig. 2, the net result being to cancel out any 
error introduced by fluctuations in partial pres 
sure of water vapor in theion Source. 
The invention has been described particular 

ly with reference to the analysis of HDO-H2O 
ratios out, is equally applicable to any isotopic 
ratio-measurement, in which the problem of iso 
baric ions is encountered. As an additional ex 
ample of the existence of this problem is the 
analysis of the ratio of H2-HD isotopes, wherein 
His is present as an isobaricion to an extent Sen 
sible to variations in partial pressure of H2 in 
the ion Source. 
We Cain: 
1. In an isotope 1atio mass spectrometer hav 

ing dual ion collectors and electrical means for 
determining the ratio of the discharge currents 
developed at the collectors, the combination com 
prising means operable responsive to variation 
in the discharge current at one of Said collectors 
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to vary the indicated ratio in proportion to said 
Variation. 

2. In an isotope ratio mass spectrometer hav 
ing dual ion collectors and electrical means for 
determining the ratio of the discharge currents 
developed at the collectors, the combination com 
prising means operable responsive to variation in 
the discharge current at the one of said collec 
tors on which the more abundant isotope is dis 
charged to vary the indicated ratio in proportion 
to said variation. 

3. In a mass spectrometer comprising two co 
lector electrodes, a first amplifier Connected to 
one of the electrodes, a Second amplifier con 
nected to the other of the electrodes, a potention 
eter, connected between the first amplifier and 
ground, the tap of the potentiometer being con 
nected to the input resistol of the Second ampli 
fier, and means operable responsive to output of 
the second amplifier to adjust the position of the 
potentiometer tap to drive the second amplifier 
to a null output, the improvement comprising 
means operable responsive to variation in the out 
put of the first amplifier to apply a signal between 
he potentiometer and ground proportional to 
such variation. 

4. In a mass spectrometer comprising two col 
lector electrodes, a first amplifier connected to 
one of the electrodes, a second amplifier con 
nected to the other of the electrodes, a potention 
eter connected between the first aimplifier and 
ground, the tap of the potentiometer being con 
nected to the input resistor of the second ampli 
fier and means operable responsive to the output 
of the second amplifier to adjust the position of 
the potentiometer tap, the improvement compris 
ing means operable responsive to variation in the 
output of the first amplifier to vary the poten 
tioneter to ground potential and proportional to 
said variation in the first amplifier output. 

5. Apparatus according to claim 4 wherein 
said means for varying the potentiometer to 
ground potential comprises a variable resistor 
connected between the potentiometer and ground 
and means for varying the value of the resistor 
in proportion to variation in the output of the 
first amplifier. 

6. Apparatus according to claim 4 wherein Said 
means for varying the potentiometer to ground 
potential comprises a variable resistor connected 
between the potentiometer and ground, a SerWO 
amplifier connected to the output of Said first 
amplifier in parallel with the potentiometer, a 
source of reference voltage connected to Said 
servo amplifier whereby the output of the Servo 
amplifier is proportional to the algebraic Sum of 
said reference voltage and first amplifier output, 
and a servo motor operable responsive to output 
of said servo amplifier to vary Said variable re 
sistance and the reference voltage. 

7. Apparatus according to claim (4 wherein 
said means for varying the potentiometer to 
ground potential comprises a fixed resistance 
connected serially between the potentiometer and 
ground and a direct current amplifier connected 
to the output of the first amplifier in parallel 
with said potentiometer, a Source of reference 
voltage connected to the direct, current amplifier 
so that the output thereof is proportional to the 
algebraic sum of the reference voltage and the 
output of the first amplifier, and means for feed 
ing an additional current through the fixed re 
sistor and proportional to the output of the di 
rect current amplifier. 

8, In a mass Spectrometer having two ion col 
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lector electrodes, a first, amplifier having its in 
put circuit connected to One of the electrodes, a 
geco-d airplifier having its input circuit con 
nected to the other electrode, and means coupled 
to the output, circuits of the two amplifiers for 
providing a comparison of the relative magni 
tudes of the discharge currents developed at the 
two collectors, the improvement which comprises 
lineans in addition to the comparison neans 
coupled to the output circuit of the first ampli 
fier and responsive to variations in its output 
signal for varying the amplification of the sec 
Ond amplifier. 

9. In a mass spectrometer having two ion col 
lector electrodes, a first amplifier having its in 
put circuit connected to one of the electrodes, 
a second amplifier having its input Circuit Con 
nected to the other electrode, a Voltage divider 
connected across the output circuit of the first 

5 

amplifier, an adjustable tap on the voltage di- 20 

O 
vider coupled to the second aimplifier for control 
ling its amplification, and means coupled to the 
output of the second amplifier for controlling the 
position of Said adjustable tap to cause the out 
put of the second amplifier to be Substantially 
zero, the improvement which comprises means 
coupled between the output circuit of the first 
amplifier and the voltage divider for varying the 
potential at the tap on the voltage divider in ac 
cordance with variations in the output signal 
of the first amplifier. 
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