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SYLVANIA 

TUBES TO 

HELP TEST 

PLANE PARTS 

IN FLYING 

LABORATORY 

"ELECTRONIC BRAIN"* using 

Sylvania Tubes will check equipment 
under actual flying conditions for 
North American Aviation 

Determining the behavior of airplane components 
for actual conditions of stress, strain, vibration 
and varying temperatures is reduced to mathe- 
matical equations by North American Aviation. 

The quick, accurate solution of such problems 
is accomplished by an improved electronic digital 
differential analyzer built by The Computer Re- 
search Corporation, and known as the CRC -101. 

This machine can solve any problem that can 
be put in the form of ordinary differential equa- 
tions ... linear or non-linear. 

Remarkably compact! 
Matching the speed and efficiency of the CRC - 

101 is its unusual compactness. Employing only 
about one hundred Sylvania tubes, the complete 
computing and power units occupy a space hardly 
larger than an office desk. 

The selection of Sylvania Tubes for this modern 
computer is a high tribute to their outstanding 
performance and dependability. That's why today, 
when tube ratings and characteristics are critical 
factors, you'll find more and more circuit engi- 
neers put Sylvania Tubes first! For further infor- 
mation about your tube problems or applications, 
write to: Sylvania Electric Products Inc., Dept. 
R-1312, Emporium, Pa. 

Complete control panel 
of CRC -101 occupies no 
more space than a stand- 
ard typewriter. 

Computation is controlled' 
by approximately 100 Syl- 
vania Tubes operating 
through a germanium diode 
"nerve center." 

* 50 Integrator Electronic 
Digital Differential An- 

alyzer made by Computer 
Research Corp., Hawthorne, 
Calif. 

SYL;NI;1 
RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT 
TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS 

RADIO -ELE CTRONIC ENGINEERING DECEMBER, 1951 



I 

Bread -board wiring circuits for investi- 

gating multi -stable magnetic elements. 

pRIOR TO the advent of large 
scale computing machinery, desk 
type calculators were designed al- 

most exclusively for operation in terms 
of decimal notation; for rotating me- 
chanical structures this was entirely 
practical. When high speed computers 
were first developed it became evident 
that decimal notation was not practical 
using the storage and computing ele- 
ments available. Devices capable of 
operation with two stable states were 
dependable and simple to design, while 
structures capable of multiple stable 
states were possible only with complex 
linkages between simpler devices. This 
is one of the reasons that binary arith- 
metic has been so widely employed in 
computing machines. The restriction 

This article is based on a paper presented at 
the 1951 National Electronics Conference, Edge - 
seater Beach Hotel, Chicago, Ill. 

Multi -Stable 
MAGNETIC MEMORY 

Techniques 

on the use of radices higher than bi- 
nary is eliminated by the developments 
described in this article. 

There are other reasons and other 
advantages for specific applications, 
but it cannot be stated. as a generality 
that binary systems are superior. Ob- 
viously, when a machine must com- 
municate with people, it is necessary to 
provide translation devices so that in- 
put decimal information is converted to 
binary and binary answers converted 
to decimal, or the machine must oper- 
ate in decimal, or a re-education pro- 
gram that is not practical must be 
instituted. It is necessary to educate 
not only machine operators but also 
the general public, since many business 
machines function to print the answers 
to computing problems in connection 
with invoices and similar communica- 
tions. Binary/decimal translation de- 
vices usually turn out to require more 

By 
JOHN 11. G(ODI?1.1. 

Presidi nt 

and 

TENNY LODE 
Chief Engineer 

The Minnesota Electronics Corp. 

Fast and accurate storage 
and access times result 
teen the employment of new 

materials and techniques. 

intricate circuitry than the actual com- 
puting elements in business machinery. 

There are other reasons for operating 
with notations other than binary, and 
for various special applications, a spe- 
cific radix such as 8, 12, or any other 
number, may turn out to be desirable. 
This problem has not yet been complete- 
ly investigated in its general form and 
there is considerable controversy re- 
garding the relative merits of various 
radices. As is true of so many contro- 
versies, neither extreme is correct and 
each system has its place. 

Magnetic Storage Elements-Bi-stable 
Among the basic structures that have 

been used for information storage are 
magnetic, materials. These methods are 
attractive because power is not required 
to maintain storage, and for other rea- 
sons associated with the fact that the 
elements are passive. 
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Fig. 1. (A) Idealized rectangular hysteresis 
loop. (B) Actual rectangular hysteresis loop. 
(C) Normal pulse. (D) Saturation pulse. 

Considerable success has been 
achieved in work accomplished by oth- 
ers with magnetic materials used as 
binary elements. For this purpose, an 
essentially rectangular hysteresis loop 
is a desirable characteristic. It is also 
desirable that the coercive force of the 
materials be low, so that the magnet- 
izing forces required are held to a 
minimum. These two characteristics 
are essentially incompatible and the de- 
signers of such materials strive to ef- 
fect a useful compromise. 

A rectangular hysteresis loop implies 
that when a magnetic core is saturated 
in one sense it will be stable in that 
state until a magnetizing force is ap- 
plied in the opposite direction. Using 
this principle, it is possible to design de- 
vices that operate in accordance with 
binary arithmetic. Information is read 
into the material by applying a mag- 
netizing force in one direction. Infor- 
mation is read out of the material by 
applying a magnetizing force in the op- 
posite direction and observing whether 
a significant flux change is produced. 
Thus the material may be interrogated 
to determine whether it is storing one 
or zero. 

Binary magnetic elements have been 
applied successfully in the design and 
construction of many computing sys- 
tems originally developed at the Har- 
vard Computing Laboratory under the 
direction of Howard Aiken and his 
associates. At this time, the practical 

Fig. 2. Block diagram of an ana- 
logue to digital translation system. 

application of magnetic storage ele- 
ments in binary applications has been 
limited to moderate pulse repetition 
rates in an order of thirty to forty 
kilocycles. It has been indicated that 
investigators believe this may be in- 
creased to very high speeds with the 
development of new techniques. 

Magnetic Storage Elements- 
Multi-stable 

The steep sides of a rectangular hys- 
teresis loop imply that with the appli- 
cation of a sufficient magnetizing force 
to overcome the coercive force of the 
material, the flux will swing all the way 
to saturation and be passive in that 
state until a magnetizing force is ap- 
plied in the opposite direction. This 
does not mean that the flux is capable 
of swinging from saturation in one 
sense to saturation in the opposite 
sense in zero time. 

The rate of flux change in any mag- 
netic material is proportional to the 
magnitude of the applied voltage across 
the magnetizing coil. The total flux 
change is a function of the applied volt- 
age and the time duration of its ap- 
plication. Thus the change in flux is 
proportional to the volt/second inte- 
gral of the applied magnetizing force. 
With materials having a rectangular 
hysteresis loop, the induced back emf 
functions to hold the current flow to the 
minimum required to overcome the co- 
ercive force through the entire swing. 
Thus the most convenient parameters 
to consider are voltage and time. 

Using suitable materials, it is pos- 
sible to obtain stability not only in the 
states of saturation but at the interme- 
diate states between these boundaries. 
This means that by controlling the 
time duration of applied pulses, it is 
possible to obtain a multiplicity of 
stable memory states in a magnetic 
core. Information is read into the core 
by saturating the core to a state desig- 
nated as zero and then applying a series 
of pulses in the opposite sense. It is 
necessary to quantize the volt/second 
integral of such pulses with an ac- 
curacy dependent on the máximum 
number of pulses the system is designed 
to store in the core. In this way, the 
flux density is changed in discrete steps 
and the state of magnetization of the 
core is directly related to the number 
of applied pulses. 

To read the information out of the 
core, a train of pulses may be applied 
to swing the flux back to saturation 
zero. As the flux swings from the' in- 
termediate state representing the stored 
number, a pulse will appear across a 
secondary winding for every read -back 
pulse applied to the primary. When 
the core reaches saturation zero, there 
will be no further flux change and the 
amplitude of any pulses that appear 

across the secondary will be signifi- 
cantly diminished. 

To the extent that rectangularity 
of the hysteresis loop is not perfect, the 
performance in accordance with the 
criteria discussed will be degraded. 

A wide variety of techniques is avail- 
able for reading in and out of multi - 
stable magnetic structures of this na- 
ture, and the resulting flexibility is 
useful in many applications. The input 
information may be applied in the form 
of discrete quantized pulses, each of 
which represents a single digit, or it 
may be applied in the form of a single 
pulse. In the latter case, the magnitude 
may be held constant and the time 
duration made to represent the number 
to be stored, or the time duration may 
be held constant and the amplitude 
varied. The information may be read 
out in a similar way. Thus informa- 
tion may be dealt with in the system 
either in digital or analogue form and 
translated between these forms in ac- 
cordance with the requirements of the 
program. 

It is also possible to apply an ir- 
regular waveform representing infor- 
mation in analogue form, and the stor- 
age in the core will be proportional to 
the volt/second integral. Thus, by read- 
ing data out with digitalized pulses, 
a transformation may be made. For 
periodic sampling of an analogue quan- 
tity, an arrangement such as is shown 
in Fig. 2 can be useful. The tube con- 
ducts current to swing the core to sat- 
uration state "q", even with the maxi- 
mum allowable voltage applied to the 
primary winding. At selected intervals, 
a pulse is applied to the grid of this 
tube so as to cut it off. When the tube 
is cut off the core is, so to speak, re- 
leased from "q" and the applied voltage 
E, swings it to saturation in the state 
"p". The minimum allowable voltage 
E, must be sufficient to overcome the 
coercive force of the material. If the 
transfer function is 1:1, the voltage E, 
of the output pulse that appears at the 
secondary winding will be equal to the 
voltage applied to the primary. This 
assumes that the analogue input volt- 
age does not vary appreciably over the 
time duration involved, and also neg- 
lects the resistance of the windings and 
the constant voltage required to over- 
come the coercive force. The time dur- 
ation of the output pulse will be in- 
versely proportional to the instanta- 
neous magnitude of the applied ana- 
logue voltage. 

The output pulse may then be used 
to enable a gate to pass a number of 
pulses from an oscillator of fixed fre- 
quency to a suitable counter. The 
counter may be a magnetic core or 
some conventional structure. The area 
S, of the output pulse will be a con - 
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stant determined by the characteristics 
of the core. If the applied voltage is 
increased, the time duration of the out- 
put pulse will decrease, and vice versa. 

The sampling core in this case is 
used as a "time" gate and, in one sense, 
functions as a d.c. transformer. It is of 
some interest in this arrangement that 
the number of pulses representing the 
input voltage is in an exact inverse re- 
lationship. Thus, the relative accuracy 
of the translation increases as the mag- 
nitude of the input signal is decreased. 
This is the opposite of the effect ordi- 
narily obtained in sampling observa- 
tions of this kind. If the input were, 
for example, an error signal, such a 
relationship might be very desirable for 
it is when the error signal is small that 
the absolute accuracy is most impor- 
tant. Obviously, the number of counted 
pulses may be translated into a num- 
ber directly proportional to the input 
signal by dividing it into an arbitrary 
constant. 

It is of passing interest that if the 
magnitude of E, is controlled to repre- 
sent a number N,, and the frequency 
of the oscillator is controlled to repre- 
sent a number N,, direct division may 
be accomplished and the output number 
N appearing in the counter will be 
equal to N2 divided by Ni. 

There are many methods by which 
the output transition may be observed. 
Amplitude discrimination is one of the 
useful tools, but the negative pulse 
that results from slip -back to rema- 
nence after dynamic saturation is an- 
other interesting method. In practical 
materials, the loop is never precisely 
rectangular, and consequently when a 
read -back pulse drives the core mate- 
rial into dynamic saturation it will slip 
back to B,. from B,,... This will pro- 
duce a negative going pulse at the out- 
put that can be observed as an indi- 
cation that the end of meaningful read - 
back pulses has been reached. 

This same phenomenon is a limiting 
factor in connection with maximum 
storage capacity that can be observed 
with digital accuracy. When the core 
has been driven into dynamic saturation 
by a read -back pulse, any additional 
pulses applied will produce an output 
pulse of reduced amplitude as well as 
negative going slip -back indications. 
The magnitude of the output pulses ob- 
served after dynamic saturation of the 
core will be a result of combined . air 
coupling and the flux change from B, to 
B,... Obviously the minimum pulse 
that is practical for read-out in this 
manner must be a pulse that differs 
significantly from the pulses produced 
by air coupling and slip -back flux 
changes. 

There are various methods of mini- 
mizing these effects in order to obtain 
storage of high numbers. Decimal stor- 

Multi-stable magnetic memory elements for storing large numbers of pulses. 

age is relatively simple and may be 
accomplished with a wide variety of 
pulse volt/second choices, depending on 
the requirements of the problem. The 
choice of parameters is limited with 
respect to short duration pulses by the 
maximum practical amplitude and, con- 
versely, minimum amplitudes imply 
longer pulse durations, hence lower 
repetition rates. 

These limitations are not serious in 
connection with most problems and 
storage of very large numbers may be 
accomplished with reasonable pulse 
parameters. Pulses with a duration 
corresponding to a fraction of a micro- 
second may be used without exceeding 
practical pulse amplitudes. This means 
that pulse repetition rates correspond- 
ing to the limitations of available asso- 
ciated circuitry may be attained. 

Multi -stable magnetic techniques may 
be used for many applications in com- 
puting machines. Storage registers 
may be extremely compact and light in 
weight with elements that are relative- 
ly free from effects of their environ- 
ment. Magnetic elements with multi - 
stable characteristics may be used in 
the arithmetic computing sections of 
machines and for accumulation of data. 
Inventory control machines for business 
and military problems may be con- 
structed with greater memory capacity 
in a given space than by any other 
known method. High speed operation 
with passive elements using almost any 
convenient radix is made possible and 
component failure is reduced to a mini- 
mum. Access time is very short indeed 
and associated circuitry is relatively 
simple. 

A considerable amount of experimen- 
tal work has been carried out in an ef- 
fort to determine the optimum magnetic 
structures for these multi -stable ap- 
plications. In general, ribbon -type to- 
roidal orientations are most desirable, 
although useful results have been 
achieved with other types of cores. 

The pulses used in this technique 
must be accurately quantized with re- 
spect to their volt/second integral. It is 
desirable that this be accomplished with 
passive elements in order to obtain 
long term stability. Temperature ex- 
tremes will affect storage capacity to 
some degree but this does not present a 
problem of consequence. One of the 
advantages obtained with magnetic ele- 
ments is a large degree of freedom from 
the effects of environmental factors. 

Magnetic structures are now being 
developed for use in so many applica- 
tions that they make a fair bid toward 
becoming more important than electron 
tubes. Magnetic amplifiers, flip-flops, 
gates, oscillators, counters, accumula- 
tors, adders, and almost the complete 
list of basic circuits appear to be pos- 
sible of design for an increasingly large 
number of applications. 

Other methods and techniques for 
applying magnetic principles to the de- 
sign of computing machinery, control, 
conversion and sensing structures will 
be discussed in future articles. 

Note: The multi -stable magnetic 
structures, techniques and systems de- 
scribed in this article are the subject of 
patent applications assigned to The 
Minnesota Electronics Corporation by 
the authors. ,r 
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Multivibrator 

FREQUENCY 

DIVIDER. 

THE multivibrator frequency di- 
vider shown in Fig. 1 is a pulse 
generator with an output range of 

from 200 kc. to 60 cycles, and which may 
be synchronized with any frequency 
equal to or greater than the output fre- 
quency. Two free -running multivibra- 
tors are used to cover this range, their 
individual ranges overlapping between 
2.5 and 3 kc. Two output pulses are pro- 
vided: a "standard" pulse and a high - 
impedance negative pulse used to trig- 
ger a synchroscope. The "standard" 
pulse is 0.1 microsecond on the base 
line, and is variable up to 25 volts 
across a 93 -ohm load. The high imped- 
ance pulse is variable up to 100 volts 
negative, and has a leading edge of 0.2 
microsecond and a slower trailing edge. 
It will drive an unterminated 93 -ohm 
line of reasonable length, and occurs at 
the end of a delay interval of from 5 to 
100 microseconds. This delay may be 
continuously variable, or may be varied 
by the interval between pulses if syn- 
chronizing pulses are fed into the "in- 
put for lock -in delay." This latter fea- 
ture gives the most jitter -free opera- 
tion, especially desirable when a fast 
sweep is being used or scope photo- 
graphs are being taken. 

The block diagram, Fig. 2, shows the 
many different ways in which the sec- 
tions of this unit may be interconnected. 
The two most important sections are 
the "High -Frequency Multivibrator" 
(HFMV) and the "Low -Frequency 
Multivibrator" (LFMV). These two 
free -running multivibrators are per- 
manently connected in series, although 
power may be removed from one or the 
other by appropriate switching. When 
both are operating, the LFMV divides 
the frequency of the HFMV by some 
integer. 

The third important block, designated 
"Delay Multivibrator" (Delay MV), is 
a single -shot multivibrator, triggered 
by either the HFMV or the LFMV. At 

Fig. 1. Front panel view of the 
M.I.T. multivibrator frequency divider. 

By 
R. R. RATHBONE 
and R. L. BEST 

Servomechanisms Laboratory 
Massachusetts Institute of Technology 

This versatile instrument provides a frequency 
divider, delay circuit and pulse standardiser. 
the end of the selected delay, the Delay 
MV initiates a negative output pulse 
which may be used to trigger a synchro- 
scope. 

A fourth block, the "Standard Pulse 
Generator," may be actuated by either 
the HFMV or the Delay MV and pro- 
vides 0.1 -µsec, half -sine -wave pulses at 
a 93 -ohm impedance level. These pulses 
are "standard" for all test equipment 
at the Digital Computer Laboratory, 
M.I.T. 

The switching shown in the block dia- 
gram allows for great flexibility in the 
interconnecting of these blocks. For con- 
venience, let us assume in the following 
discussion of the circuit details that 1 - 
mc. pulses are being fed to the "input 
to dividers", and the input selector, S,, 
reads "to HFMV." The HFMV divides 
the pulse repetition frequency to a 
submultiple, determined by the HFMV 
coarse frequency setting, and feeds syn- 
chronizing pulses to the LFMV. If the 
standard pulse selector, S reads "from 
HFMV," then the "standard" (0.1 -µsec) 
pulses will occur at the rate of the 
HFMV. If the delay selector, S,, is set 
to "frdm LFMV," as shown, the Delay 
MV will be triggered at the submultiple 
frequency of the LFMV and, at the end 
of the delay, will initiate the `output 
pulse (negative high impedance)." 

Editor's Note: The name of Richard 1.. 
Beat should have appeared as co-author 
of the third article of this aeries, Gate and 
Delay Generator, which was published in 
the September, 1951 issue. 

This is the fifth of a aeries of articles 
on teat equipment units sponsored by the 
Office of Naval Research and developed 
during the past three years by the M.I.T. 
Servomechanisms Laboratory. These unite 
were designed as building blocks to test 
pulsed circuits and to simulate the control, 
arithmetic, and storage functions of an 
electronic digital computer. 

With the above assumptions in mind, 
let us examine the schematic, Fig. 3, 
and the waveforms at various impor- 
tant test points. The 1 -mc. input pulses 
are shown in part (a) of Fig. 7, and 
the output of the input amplifier (Vu) 
in part (b). Parts (c) and (d) are 
waveforms of the plate of one section 
and the grid of the other section of the 
HFMV (V.). These may be recognized 
as typical free -running multivibrator 
waveforms, with the exception of the 
synchronizing feature, which operates 
as follows. The negative pulses shown 
in part (b) are coupled to each plate of 
the HFMV through the small (10-1..µfd.) 
capacitors C. and C,, and from there 
to the opposite grids through the larger 
cross -over capacitors C. and Ce. Which- 
ever triode is conducting amplifies these 
negative pips, resulting in the positive 
pulses seen in the lower half of part 
(c). These positive pulses are also cou- 
pled to the opposite grid through one of 
the cross -over capacitors (C. or C.), 
synchronizing the triggering action of 
the circuit. The dual potentiometer 
(R.a, R.B) controls the free -running 
frequency of the HFMV, and thus con- 
trols the integer by which the input fre- 
quency is divided. The right-hand cath- 
ode of the HFMV has a peaker circuit, 
consisting of an inductance to ground 
shunted by a crystal diode. The diode is 
connected in such a way that a single 
positive pulse is generated when this 
section starts to conduct, and all other 
ringing is damped out. Part (e) of Fig. 
7 shows this cathode waveform. The 
pips seen after the main pulse are the 
result of the synchronizing pulses cou- 
pled from the opposite plate to the grid 
of this section while it conducts. 

The "Standard Pulse Generator" 
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(Via) utilizes a blocking oscillator, 
peaker, and pulse amplifier; its wave- 
forms are shown in Fig. 6. Part (a) is 
the cathode output pulse of the HFMV 
(also shown in part (e) of Fig. 7 but 
shown here on a faster sweep). With 
the switches in the positions indicated, 
this pulse triggers the blocking oscil- 
lator (Vin). The resulting pulse of 
plate current (see waveform (b)) flows 
through a peaker composed of L. and 
L, in parallel, and damped by the diode 
CR.. The end of this current pulse 
causes the peaker to ring positive once 
before the diode damps it out, generat- 
ing the waveform of part (c). This sig- 
nal is then capacitor -coupled to the out- 
put pulse amplifier which puts the pulse 
shown in (d) out onto a 100 -ohm line. 

Figure 5 shows the waveform of the 
LFMV (V,). Synchronization may be 
accomplished either by connection to the 
input amplifier or, as is done in Figs. 
2 and 3, to the HFMV. The signal from 
one plate of the HFMV is differentiated 
and coupled to both plates of the LFMV 
through the two 2-µwfd. capacitors. Part 
(a) shows one plate waveform; part 
(b), the waveform of the opposite grid. 
The synchronizing action is the same as 
in the HFMV. The dual potentiometer 
(R,Da and R,.») varies the free -running 
rate of the LFMV, and determines the 
submultiple of the HFMV frequency at 
which the LFMV runs. The right-hand 

cathode has a peaker (like that of the 
HFMV) which generates a single posi- 
tive pulse when V, starts to conduct. 
The cathode waveform may be seen in 
part (c) of the figure; the pips oc - 
curing after the main pulse, while this 
section is conducting, are a result of the 
synchronizing signal fed from the 
HFMV and gave a great deal of trouble 
in the Delay MV, preventing a smooth 
continuous delay. Diode CRD is biased 
off by about 8 volts so that these pips 
are eliminated (see part (d), Fig. 5). 
The negative pulse that occurs after the 
main positive one., is fed back from the 
Delay MV at the end of the delay inter- 
val. 

Figure 4 gives the waveforms of the 
single -shot Delay MV (V6). Part (a) 
shows the same cleaned -up pulse as does 
part (d) of Fig. 5, but at a different 
sweep rate and delay setting. This pulse 
is capacitor -coupled to a proper d.c. 
level, and, through diode CRD lifts the 
normally -off grid of the Delay MV into 
conduction as waveform (b) shows. The 
plate waveform (c) is coupled through 
a capacitor to the opposite grid, (d) ; 

the d.c. return path for this grid is a 
bit unusual and merits closer attention. 
In the quiescent state, the grid is at a 
voltage determined by the plate drop of 
the same triode across R,2 and the di- 
vider R,5 -R,6. The highly degenerative 
circuit maintains the quiescent grid 

ra 
! 

. 

® 
. 

FRON INPUT 
TO DIVIDERS 

OUTPUT PULSE 
(NEO. NIDN RAPED.) 

FROM INPUT 
FOR 

LOCKUN MAT 

Fig. 2. Block diagram of operation. 
Numerical notations refer to Fig. 3. 

voltage about zero, so that as the Delay 
MV potentiometer is varied, no great 
amount of grid current is drawn. Dur- 
ing the delay interval, however, the 
plate of this triode rises as shown in 
part (e), giving a positive grid return 
for the now cut-off grid. Thus the bene- 
fits of a positive grid return are real- 
ized (steep slope o:: the waveform at 
the end -of -delay point, and therefore 
less jitter), with the benefits of zero grid 
return during standby (prohibitive 
grid currents are not drawn when ad- 
justed for minimum delay). 

Synchronization of this delay could 
have been accomplished by feeding the 

(Continued on page 29) 

Fig. 3. Circuit schematic and parts values for the multivibrator frequency divider. 

no 

POT 2 t .2 
2M 

01571g ERS Ih 5667 

220 

INPUT 
FOR L005.IN 

0[1.47 
01 

,ESOV. 
1130 v. 

220 

2200 

e p1 

I/3 
N5661 

_2oz 

i 

RO NFNV 

9 FRON DECOY MV 

220 

SN 

RO .20X IOIMM.II .M 

1006 

4700 

27 

00 

IZO 

160 

SOS 
r4x0AR0 

SrutELEG OR 

o 
STANDARD 

PULSE 
GEN. 

ODD 

5R 
er.`_sx 

OwN±20 
180 

,. 

,1 

iDELAT MUJ 

T 

V] 5667 

500 

1NOEOG N10N IMPED.1 

iss 
ZERO 

DECEMBER, 1951 RADIO -ELECTRONIC ENGINEERING 



AMPLITUDE DISTRIBUTION 

ANALYZER 
By 

R. E. NEINBURG and 
T. F. ROGERS 
Mass. Inst. of Technology 

rT 

A barrier grid type of storage tube 
is used in this electronic means for 
realising statistical distributions. 

THE RELATIVELY recent atten- 
tion focused upon the statistical 
means rof analyzing various types 

of signals by the work of Wiener, 
Shannon, Rice and others has encour- 
aged many investigators to search for 
an electronic means of realizing statis- 
tical distributions. This paper concerns 
itself with the product of such a search; 
a device that analyzes signals on the 
basis of the distribution of amplitude 
levels which they display. The final re- 
sults are presented as an oscilloscope 
trace in the form of the distribution 
density function, or amplitude distribu- 
tion, of the signal being analyzed. 

At the outset of this study, it was 
realized that several methods of obtain- 
ing amplitude distributions were al- 
ready available: For example, by the 
simple process of photographing a sig- 
nal waveform and determining, by ac- 
tual count, the number of times the 
signal enters various incremental am- 
plitude levels, the distribution of ampli- 
tude levels can be obtained. However, 
in this, as in other existing methods, 
the inherent delay and the expense in 
man-hours tend to be prohibitive. The 

Fig. 3. Charge density dis- 
tribution for a sine wave. 
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Fig. 1. The RCA type STE -A 
barrier grid storage tube. 
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Fig. 2. Simplified drawing of the barrier grid storage tube. 

object of the investigation then became 
to design a system that could sample 
a given signal and present the ampli- 
tude distribution of this signal with 
negligible delay and in a form con- 
venient for dynamic analysis. 

The >teart of the device is the RCA 
barrier grid type of storage tube, a 
simplified drawing of which is shown 
in Fig. 2.2 This tube is similar to other 
memory devices of this general type 
in that the memory is derived from the 
storage of an electric charge on a di- 
electric surface, the charge being sup- 
plied by a primary electron beam that 
is formed and focused in an electro- 
static deflection system. Enough energy 
is imparted to the electrons of the 
primary beam to enable them to dis- 
lodge other electrons from the dielectric 
surface and cause secondary emission. 
Those secondary electrons emitted with 
sufficient energy to escape the field at 
the dielectric surface are focused on 
a collector ring and thereby escape to 
the external circuits. The magnitude 
of the secondary, or collector, current 
is dependent on the secondary emission 
ratio of the dielectric surface, which is, 

Fig. 4. Amplitude dis- 
tribution for a sine wave. 

in turn, a function of the cathode to 
dielectric potential. The steady state 
potential of the dielectric, which re- 
sults in a value of unity for the sec- 
ondary emission ratio, may be con- 
sidered a surface equilibrium potential. 

In view of the capacitive coupling 
that exists between the dielectric and 
backplate, any positive voltage applied 
to the backplate will increase the di- 
electric surface potential by the amount 
of the applied voltage, and will, there- 
fore, remove the dielectric from equilib- 
rium. As a result, the secondary emis- 
sion ratio will decrease by an amount 
proportional to the applied voltage (to 
a good first approximation for signals 

10 volts) as the surface again seeks 
the equilibrium potential.' Thus, by ap- 
plying a positive step voltage to the 
backplate, the dielectric surface is given 
a positive potential and is, therefore, in 
a condition to store charge on any area 
element scanned by the primary beam. 
The process of storing a charge density 
distribution in this manner will be re- 
ferred to as the writing operation. 

Interrogating the 'stored charge 
(called reading) is accomplished by 
returning the backplate to the voltage 
it had prior to the writing period, and 
scanning the line containing the stored 
signal by the primary beam. As the 
variations of dielectric potential caused 
by the stored charge are encountered 
during the scan, the secondary emission 
ratio will vary in such a manner as 
to produce, across a load resistor in 
the collector circuit, a voltage wave- 
form that is a replica of the distribu- 
tion of the dielectric charge density. 
The read operation, in that it removes 
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the stored charge, is also an erasing 
operation. 

When used as an amplitude distribu- 
tion analyzer, the storage tube is a 
summation device, not for amplitude 
addition as in some applications,` but 
in the following sense. The amplitude 
distribution of a signal may be deter- 
mined by dividing the signal into equal 
amplitude increments and determining, 
in some manner, the length of time the 
signal spends within each increment of 
amplitude. A graph of this time (see 
Fig. 9) versus the amplitude increments 
for all amplitudes that the signal dis- 
plays, is the amplitude distribution of 
the signal. As the individual increments 
are chosen so as to approach zero, the 
distribution approaches the theoretical 
amplitude distribution. The function of 
the storage tube in this operation is 
to determine the relative length of time 
the amplitude remains within the var- 
ious incremental levels, with the size 
of the amplitude increments determined 
by the diameter of the primary beam. 

The summation of time described 
above is performed by the storage tube 
in the following manner. A fixed center- 
ing voltage is applied to the vertical 
deflection plates of the storage tube, 
and the signal to be analyzed is applied 
to the horizontal deflection plates. Since 
the position of the primary beam is 
controlled by the potential developed 
between opposite plates of the deflection 
system, it is possible to associate every 
point along the single horizontal line 
scanned to a particular amplitude of 
the signal that is applied to the hori- 
zontal deflection plates. The beam will, 
therefore, scan a horizontal line in a 
manner determined wholly by the am- 
plitude of the signal. 

During the writing period, while the 
signal is applied to the deflection plates, 
a positive step voltage is applied to the 
backplate removing the dielectric from 
equilibrium and permitting it to store 
charge. Since, as mentioned previously, 
the position of the beam at any instant 
is a linear function of the amplitude 
of the signal on the horizontal deflection 
plates, each point along the scan line 
corresponds to some particular signal 
level; it follows, therefore, that the 
charge density on any line segment is 
proportional to the time the signal 
spends at the amplitude level corre- 
sponding to that segment. Furthermore, 
since the amplitude distribution is, in 
effect, a plot of the percentage of time 
a function remains at each amplitude 
level versus all amplitude levels, the 
distribution of the charge density as 
a function of displacement along the 
line scanned is the desired amplitude 
distribution. This, briefly, is the method 
by which the distribution measurement 
is made. 

To illustrate the basic principles of 
operation let us assume that a sinusoi- 
dal waveform (Fig. 3) is applied to the 
deflector plates. The velocity of the 
beam will be maximum at the center 
of the dielectric (corresponding to the 
maximum rate of change of the sine 
wave around the zero level) and, as the 
peak of the sine wave is approached, 
the beam velocity will decrease, finally 
stopping completely and reversing its 
direction. At the end of one complete 
sine wave cycle, the beam will have 
swept to the right a distance depend- 
ent on the peak signal amplitude, re- 
versed its direction and traveled to 
the left extremity, reversed again and 
returned to the center. If the beam is 
stopped at this point, the magnitude of 
charge on any line segment along the 
scan line will be directly proportional 
to the time spent by the beam at that 
segment, or inversely proportional to 
the velocity of the beam at that seg- 
ment. It would be expected then, that 
the magnitude of charge density would 
be a maximum at the extremities of 
the dielectric and a minimum at the 
center, and would closely resemble the 
calculated amplitude distribution shown 
above the signal in Fig. 3. 

To transform the stored amplitude 
distribution into a voltage wave, it is 
merely necessary to read out the stored 
charge. The backplate writing voltage 
is returned to the equilibrium value 
and the signal on the horizontal deflec- 
tion plates is replaced by a voltage 
(such as a saw -tooth or triangular wave- 
forjp) which causes the beam to scan 
the charged line with a constant velocity. 

As discussed previously, in connection 
with interrogating the distribution of 
the stored charge, the collector current 
will vary in accordance with the varia- 
tions of charge density stored along the 
scan line. Since the line is scanned with 
constant velocity during the "read" 
operation,, variations of charge density 
as a function of distance along the 
scanned line are transformed into varia- 
tions of collector current that are a 
function of time. The variation of col- 
lector current will now be proportional 

Fig. 7. Output of the second 
detector of a radar receiver. 

Fig. 5. Rectangular input voltage. 

r,irr-+wMAIBMIr` 

Fig. 6. Amplitude distribution 
of a rectangular input voltage. 

to the amplitude distribution of the 
signal being analyzed. It should be 
noted that to insure complete erasure, 
that is, to insure the return of the 
dielectric surface to the equilibrium 
potential before the next writing opera- 
tion, it is necessary to scan the line 
more than the one time needed to view 
the distribution. 

The basic idea, then, is to allow the 
beam to travel along the scan line in 
a manner determined by the amplitude 
of the signal. Since each segment cor- 
responds to a particular amplitude in- 
terval, the charge density at any seg- 
ment will be proportional to the length 
of time the signal spends within that 
interval. The resulting distribution of 
charge -density is then the desired am- 
plitude distribution, and is read out 
of storage during the read interval. 

The first signals analyzed were those 
having relatively simple amplitude dis- 
tributions. In this way, the validity of 
the early results could more easily be 
judged. 

Fig. 8. Experimentally determined 
amplitude distribution of Fig. 7. 
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Fig. 9. Diagram of a sine wave and its amplitude distribution. 

Fig. 10. Signal of Fig. 7 

with a carrier introduced. 

Fig. 3 shows the calculated ampli- 
tude distribution of á sine wave; Fig. 4 

shows the experimentally determined 
amplitude distribution of a sine wave. 
The two spikes, as before, correspond 
to the positive and negative sine wave 
peaks. The fact that the distribution 
does not go to infinity at the extremities, 
is due to the quantizing effect of a finite 
beam current and diameter, and is an 
indication of measurement limitations. 
Aside from this obvious discrepancy, 
the general shape of the experimental 
and calculated distributions are in close 
agreement. Although no quantitative 
comparison was attempted, the results 
appear to fall within tolerable limits. 

Rectangular waves such as those 
shown in Fig. 5 were also analyzed.' 
The distribution shown in Fig. 6 illus- 
trates the effect of employing a tri- 
angular scanning voltage. The image 
on the left is the result of scanning the 
charge distribution from left to right. 
The image on the right, which is the 
mirror image of the first, is generated 
as the beam scans from right to left. 
Many such scans are required to erase 

Fig. 11. Amplitude distribution 
of second detector output noise. 

the stored pattern. The results realized 
from the analysis of rectangular waves 
have special significance in the align- 
ment procedure. 

Assuming the rectangular wave to 
have essentially zero rise time, the pri- 
mary beam will focus on only two seg- 
ments of the scan line, one segment 
corresponding to the raised portion of 
the pulse, the other to what may be con- 
sidered the base line. Said another way, 
we are concerned with a signal dis- 
playing only two levels of , amplitude, 
and would, therefore, expect only two 
areas of high charge density on the 
scan line. Notice that the ratio of the 
time spent at one amplitude to the time 
spent at the other amplitude is approxi- 
mately 3:1. One would expect, then, 
that the ratio of the charge density 
corresponding to each of these ampli- 
tudes would also be in the ratio 3:1. 
In this particular case, the expected 
results are not verified, the reason be- 
ing that the primary beam remains 
focused on one spot of the dielectric 
for a period sufficient to exceed the 
linear dynamic range of the storage 
tube. The charge density stored on that 
spot is, therefore, not a linear function 
of time. This phenomenon may be used 
to good advantage. By applying a rec- 
tangular wave of known asymmetry for 
a given sampling period, the primary 
beam intensity may be adjusted until 
the output spikes are in the same ratio 
as the two amplitude levels of the rec- 
tangular wave. The larger of the two 
spikes is now the largest output pos- 
sible for the particular intensity set- 
ting used, that is, within the limts of 
tube linearity. Thus a method of system 
alignment is provided by the use of 
rectangular waves. 

Fig. 12. Amplitude distribution as 
in Fig. 11 with a carrier present. 

As examples of aperiodic signals, two 
types of noise were analyzed. The first, 
shown in Fig. 7, is the output of the 
second detector of a radar receiver, and 
consists for the most part of positive 
peaks, resulting in an output that is 

substantially unidirectional. The ex- 

perimentally determined amplitude dis- 
tribution of this signal, shown in Fig. 8, 

closely approximates the expected Ray- 
leigh curve, being skewed to the right.' 

The second type of noise analyzed was 
produced by introducing a carrier into 
the radar receiver resulting in the dis- 
appearance of the unidirectional char- 
acter as seen in Fig. 10. The distribu- 
tion of this signal is shown in Fig. 12, 
with the previous noise amplitude dis- 
tribution being shown in Fig. 11. Notice 
hrw the second distribution has as- 
sumed a symmetrical appearance rela- 
tive to the first, just as the second 
signal was the more symmetrical of 
the two. Also, the increased spread of 
amplitudes is seen to have extended 
the limits of the distribution and in- 
troduced a flattening effect, as would 
be expected° 

The results that were realized by 
the analyzer in the experiments per- 
formed were very encouraging, and 
serve primarily as an indication of 
the possibilities of such a device. Fur- 
ther development of the analyzer should 
greatly facilitate studies of the dis- 
tributions of signal amplitudes, thereby 
bringing statistical methods of analysis 
closer to acceptance as a general com- 
munications tool. 

The authors would like to acknowI- 
edge the guidance and assistance given 
throughout the course of this research 
by J. V. Harrington of the Cambridge 
Research Laboratories. 

REFERENCES 

1. Winter, D. F., "Amplitude Probability Dis- 
tribution," Quarterly Progress Report (Re- 
search Laboratory of Electronics, M.I.T.) 
April 15, 1948. p. 50. 

"Probability Distribution of Random Noise," 
Quarterly Progress Report (Research Labora- tory of Electronics, M.I.T.) October 15, 1948, 
p. 50. 

Knudtzon, Nic, "Filtered Random Noise," Technical Report 115 (M.I.T.) July, 1949. 

2. Jensen, A. S., Smith, J. P., Meaner, M. H. and Flory, L. E., "Barrier Grid Storage and Its Operation," RCA Review, March, 1948. 
Vol. IX, No. 1, p. 112. 

3. Harrington, John V., "Storage of Small Signals on a Dielectric Surface," Journal of Applied Physics, October, 1950. Vol. 21. No. 10. 

4. Harrington, John V. and Rogers, T. F., "SIN Improvement Through Integration In a Stor- age Tube," Proc. I. R. E., October, 1950. 

5. Goldman, S., "Frequency Analysis, Modula- tion and Noise," McGraw-Hill Book Co., N. Y., 1948, p. 246. 

6. Ibid. 

10 RADIO -ELECTRONIC ENGINEER ING DECEMBER, 1951 



Photoelectric ballistocardio- 
graph. Body motions caused by 
heartbeats modulate light beam. 

The diagnosis and treatment of 
human ills are simplified by 
the instruments discussed here. 

ERE IT possible to transport 
the medical investigator of 
yesteryear to present times, he 

would almost certainly gaze in awe and 
amazement at the incredible achieve- 
ments which the past three decades 
have witnessed. For this relatively brief 
span of time has seen the perfection of 
the electronic cardiograph, the electro- 
encephalograph, and a score of similar 
devices which the miracle of electronics 
has fashioned into instruments of such 
precision and refinement as to have sur- 
passed even his wildest dreams. Yet, to 
the modern electronic engineer and re- 
search scientist, these marvels seem 
almost prosaic, when matched against 
the complexities of the instruments 
which are now taking their place in 
the great research laboratories. 

Many centuries ago Socrates, the 
great Greek philosopher, said, "I know 
nothing except the fact of my igno- 
rance." But, ancient as it is, this state- 
ment is even more true today. One of 
the paradoxes of science is that the 
more we learn, the more we realize 
what we do not know. For this reason, 
much more complex multiple channel 
measurement apparatus is needed for 
modern medical research. 

Two such multiple channel recording 
instruments are illustrated in this ar- 
ticle. These instruments provide the 
biophysical or other research or investi- 
gative laboratory, hospital or teaching 
group with the widest available range 
of multi -channel, simultaneous record- 
ing of a great variety of biophysical 
and other phenomena. 

Recent Advances 

In M[IIICAL 

[L[CTRONICS 

E1 1.1: 7% 1? .1. T111/.11'11\. 31.11. 

The San born Poly -Viso, a block wir- 
ing diagram of which is shown in Fig- 
ure 1, through a selection of input cir- 
cuits, permits separately or simulta- 
neously, any selection of the following, 
in up to four recording channels: 

Any combination of electrocardio- 
graph leads (including four simulta- 
neous "V" chest positions). 

Physiologic pressure recording (blood 
pressure, spinal fluid pressure, gastro- 
intestinal pressure, etc.) . This is ac- 
complished with the aid of the electro - 
manometer, to be described later. 

Ballistocardiogram, also described 
later. 

Pulse waveforms. 
Recordings of respiration. 
Phonocardiograms, with the aid of 

a heart sound microphone, to study 
heart murmurs. 

Temperature, volume, and accelera- 
tion changes, with the help of a strain 
gauge amplifier. 

Referring to Fig. 1, it can be seen 
that the instrument contains four pre- 
amplifiers. These are especially de- 
signed to amplify with a high degree 
of accuracy and linearity, any signals 
of a pulsating nature. Because such 
signals as the heart's electrical field 
and other biologic impulses have fre- 
quencies extending down to around 1 

cycle per -second, amplifiers of this type 
must have relatively long time con- 
stants. This is illustrated by the high 
value of the coupling capacitors used 
in the amplifier diagrammed in Fig. 2. 
Note that the circuit makes use of two 
stages of high -gain pentode amplifica - 

Associate Medical Director 
Winthrop Stearns, Inc. 

tion, operated in cascade. This provides 
a voltage gain in the vicinity of 9000 
-an absolute essential when one is 
dealing with biologic currents with an 
emf in the fraction of a millivolt range. 
As a further precaution, the entire am- 
plifier is operated in push-pull which 
appreciably attenuates extraneous elec- 
trical disturbances. 

In order to achieve the high degree 
of constancy in gain which is required 
for measurement purposes, amplifiers 
of this type are customarily battery - 
powered, or equipped with special, high - 
stability, voltage -regulated power sup- 
plies. 

Four direct -coupled amplifiers are 
also included in the instrument. An 
example of such an amplifier is shown 
in Fig. 3. This type of circuit serves 
two important purposes; it provides a 

The photoelectric ballisto- 
cardiograph resting in nor- 
mal operating position on 
the patient's shins. 
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Over-all view of the Sanborn electromanometer. 

method for measuring steady-state (d.c.) 
biologic phenomena, and it also permits 
quantitative recording of the amplitude 
of pulsating impulses. It is well-known, 

of course, that conventional RC coupled 
amplifiers will not amplify direct cur- 
rent. 

The important differences between 

Fig. 1. Block diagram of the Sanborn Poly -Viso. 
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RC coupled and direct coupled amplifiers 
with respect to biologic measurement 
can best be illustrated by the following 
example. When one attempts to meas- 
ure the blood pressure, for example, it 
is found that it is not constant; instead, 
the pressure is continually oscillating 
between about 80 and 120 mm. of mer- 
cury, in the normal individual. This 
difference between the upper and lower 
extremes of the blood pressure, amount- 
ing to 40 mm. of mercury, is referred 
to as the pulse pressure. If one trans- 
lates millimeters of pressure into milli- 
volts, by means of a piezoelectric crys- 
tal transducer, the emf representing 
the blood pressure will swing between 
80 and 120 millivolts. Under these cir- 
cumstances, the 40 mm. pulse pressure 
will be represented by a voltage swing 
of 40 millivolts. This can be broken 
down into an a.c. and a d.c. component; 
the d.c. component will amount to 100 

millivolts (the average of 80 and 120), 
and the a.c. component will be repre- 
sented by a swing of 20 millivolts above, 
and 20 millivolts below this d.c. refer- 
ence level. 

If such a signal is fed through an 
RC coupled amplifier, the circuit will 
not pass the d.c. component. Instead, 
only the a.c. waveform, representing a 
periodic change in amplitude of 40 mil- 
livolts, will be present at the amplifier 
output. Unfortunately, this information 
is of relatively little value, because any 
range of pressures, separated by 40 
mm., will produce the identical wave- 
form, such as 60 and 100 mm., or 160 
and 200 mni., etc. There is a world of 
difference, of course, between the latter 
abnormal blood pressures, and the nor- 
mal range of 80 to 120 mm. For this rea- 
son, the physician must know the abso- 
lute value of the blood pressure. He can 
obtain this with the aid of a direct -cou- 
pled amplifier, because this type of cir- 
cuit does not discriminate against the 
d.c. component of blood pressure voltage 
carve. As a result, the galvanometer or 
recording arm is deflected to the aver- 
age voltage level, and remains there 
instead of decaying as it would with 
an RC coupled circuit. The fluctuations 
above and below this average are repre- 
sented by excursions above and below 
the d.c. setting. 

The 6 step attenuator which is in- 
corporated into the Poly -Viso is similar 
in principle to the loudness controls 
used in high-fidelity audio amplifiers. 
Like the loudness control circuit, it al- 
lows variations in amplifier gain with- 
out introducing frequency discrimina- 
tion. It has the additional advantage 
of providing a selection of gain settings, 
which are related to each other by an 
accurately pre -determined ratio (Xl, 
X4, X20, X100, X400, and X1000). 

A variety of recording devices is 
used with multiple channel recorders 
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of this type. In one of the instruments 
shown in the photographs, optical gal- 
vanometers, which throw a moving beam 
of light on a roll of moving photo -sen- 
sitive paper, are employed. Records of 
this type must be developed photograph- 
ically for interpretation. 

Another -recording method makes 
use of electromagnetically -driven pens. 
These produce an inked record on or- 
dinary paper. The most modern record- 
ers, however, and the ones which are 
used with the most recent, direct -writing 
electrocardiographic recorders, are the 
direct -writing galvanometers. These 
consist of a moderately sensitive gal- 
vanometer, of the d'Arsonval type. At- 
tached to the meter suspension is a long, 
but lightweight, extension arm on which 
is mounted an electrically heated stylus. 
The meter movements are etched by the 
heat of the stylus in the surface of 
special, plastic -coated paper to produce 
the finished record. As a rule, provision 
is made in most modern recorders to 
plug a cathode-ray oscilloscope into the 
output circuit of the direct -coupled am- 
plifier. 

With the addition of certain accessory 
equipment, multiple channel recording 
systems of the type just described be- 
come exceedingly versatile research in- 
struments. 

Two of the most recent accessory de- 
vices which are fulfilling roles of great 
importance in medical research are the 
electromanometer and the ballistocardi- 

The Sanborn Poly -Viso recorder. 
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Fig. 2. Circuit of pulse -type, resistance -capacitance coupled amplifier (A). 

with connections for completely self-contained recorder (B). For a multiple - 
channel recorder, the terminals X,X' would go to a direct -coupled amplifier. 

ograph. The electromanometer circuit 
is shown in block diagram in Fig. 4. It 
would be difficult to over -emphasize the 
value of this ingenious instrument as a 
research tool. In one compact unit, this 
apparatus represents the culmination of 
a need, the solution of which has chal- 
lenged the most brilliant scientific minds 
of more than two centuries-a method 
for accurately and continuously measur- 
ing the blood pressure. In terms of the 
countless human lives which will some 
day be saved as a result of the research 
intg _heart disease which this instru- 
ment has made possible, its value is 
immeasurable. 

The heart of the instrument is the 
r.f. oscillator (B) and the condenser 
microphone -bridge circuit (C) . The de- 
vice operates in the following manner. A 
needle is introduced into a suitable blood 

vessel, such as the trachial artery (in 
the arm). The variations in the blood 
pressure are physically , transmitted 
through a special salt solution from the 
needle tip, through a length of lead tub- 
ing, to the condenser microphone. When 
the condenser microphone is stimulated 
by these pressure changes, the change 
in capacitance of this element, which 
constitutes one arm of the bridge cir- 
cuit, unbalances the bridge. The unbal- 
anced voltage from the r.f.-excited 
bridge is then amplified and rectified. 
The rectified voltage which is propor- 
tional to the blood pressure is then fed 
through the power unit and into the 
multiple -channel recorder. 

Prior to the development of the elec- 
tromanometer, the most satisfactory 
way to measure the blood pressure was 

(Continued on page 28) 

A ten -channel research recording system in operation. 



SQUARE WAVE STIMULATOR 

for CARDIAC RESEARCH 
Details of a dual pulse generator with variable pulse 
positioning and a repetition rate of 30 to 300 PP11. 

Fig. 1. The stimulator in use. Equipment from left to right includes: oscil- 
loscope, stimulator, water bath, audio amplifier, arid optical kymograph. 

DURING THE course of an inves- 
tigation on the excitability and 
refractory period of mammalian 

cardiac tissue, a special stimulator was 
designed'. The requirements were as 
follows: 
1. Rectangular 'negative pulse in all 

ranges. 
2. Selection at will of a single or a dual 

stimulus at repetitive rates from 
30 to 300 pulses per -minute. 

3. Continuously variable dual pulse po- 
sitioning so that the pulses might be 
separated from 0 to 400 milliseconds 
apart. 

4. Independent, continuously variable 
control of the duration of each pulse 
from 0.1 to 15 milliseconds. 

5. Independent output control of each 
pulse from 0 to 20 milliamperes. 

6. Previously calibrated controls so that 
any of the variables might be quickly 
selected. 

7. Stable operation. 
Other investigations on the same 

problem have, for the most part, used 
rotary commutators and induction 
coils''. These are difficult to construct 

'Professor of Pharmacology, Hahnemann Med- 
ical College. 

**Instructor in Physiology, State University of 
New York. 

By 
J.R. DiPALMA, M.D.* and E.E. SUCKLING * * 

mechanically and because of the induc- 
tion coils and inevitable sparking at the 
contacts, variations in amplitude and 
wave shape of the output result. Many 
types of pulsed electronic stimulators 
have been designed but none fit the par- 
ticular requirements set forth above'' 
For this reason, it is felt desirable to 
present the circuit, certain construction 
details, and applications of this unit. 

Fig. 2. Waveforms obtainable. Amplitude, 0-20 
ma.: sweep duration, 300-2000 milliseconds 

DURATION OF 
EACH STIM. 

I TO IS MILLISEC 

I I 

POSITIONING 
0 TO 400 MILLISEC. 

V, is an ordinary thyratron oscillator 
(Fig. 4.) The rate of oscillation is set 
by the potential on its grid. The pulse 
from V. triggers V,, which in turn 
empties its plate condenser into the 
cathode of V,. The condenser in the 
cathode V., slowly discharges through 
pentode V. in a linear manner. This 
quick -rise, slow -discharge voltage goes 
to cathode follower V., where it is used 
to trigger a multivibrator circuit com- 
posed of V, and V.. V, and the second 
plate of V. limit the charge and dis- 
charge of the V. cathode condenser. V. 
has a large saw -tooth voltage with a 
moderately fast rise and a slower dis- 
charge each time V, fires. V, and V., the 
d.c. multivibrator circuit, is triggered 
off when the grid of V, reaches approx- 
imately 38 volts. The multivibrator falls 
back again when the grid of V, drops in 
potential down to 35 volts. The 38 volt 
charge occurs during the fast rise, and 
the 35 volt charge during the slow fall. 
Thus, during the saw -tooth wave, V, and 
V. trip and return. The return depends 
on the setting of the potentiometer in 
the cathode of V., and thus the system 
gives a delay in relation to the firing of 
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V, of any duration up to 0.4 seconds. 
When V,, V8 return to normal conditions, 
a negative pulse is passed from the plate 
of V: to the grid of Vs and is amplified to 
become a positive pulse which can fire 
off V,0. The pulse from the plate of 
V,0 is used to trigger the square wave 
generator V, V12. This square wave 
generator on being triggered off by the 
unvarying pulse from V,, produces 
square waves whòse duration can be 
altered by the combination of condensers 
and the potentiometer in its plate circuit 
between the limits of 0.1 to 17 millisec- 
onds. The square wave is taken from 
the plate of V10 for the purpose of am- 
plification and improvement in shape to 
the grid of V,,. From the plate of V,A it 

¡ passes to the grid of V,0. This is a 
power tube whose plate is connected to 
ground through a 5000 -ohm resistance. 
V1 is supplied with negative high volt- 
age to the cathode and is normally cut 
off. Thus the pulse from V. produces 
in the plate of V a step of voltage nega - 

tive to ground which can be connected 
without blocking condensers or trans- 
formers directly to the biological prepa- 
ration. The negative current pulse from 
V can be adjusted in value to give a 
stimulus of up to 20 milliamperes. The 
second channel shown at the bottom of 
Fig. 4 is exactly the same as tubes Va to 

and has the same characteristics. 
The attenuator system consisting of T 
pads allows the outputs of the two chan- 
nels to be connected in parallel with 
little interaction between the two output 
attenuators. In some types of dual stim- 
ulation, the T pad attenuator system 
shown here need not be used but it was 
found desirable in the experiments 
which we desired to perform. 

The power supply circuits are conven- 
tional and are wired in relation to 
ground so as to supply separate positive 
and negative voltage. It was found de- 
sirable to control the supplies with VR 
150 tubes (Fig. 6). 

A schematic diagram of the output 

Fig. 3. Top view of the stimulator chassis. 

of the stimulator as it appears on the 
screen of the cathode-ray oscilloscope 
is shown in Fig. 2. In this diagram, the 
two pulses are symmetrical but, as in - 

(Continued on page 26) 

Fig. 4. Complete schematic diagram and parts values for the square wave stimulator. 
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New 

MINIATURE 

1.1?. 

AMPLIFIER 
Miniaturization techniques at 
NHS have resulted in a more 
compact, lighter -weight unit. 

A7 -tube miniature intermediate - 
frequency amplifier, recently de- 
veloped at the National Bureau 

of Standards, embodies several innova- 
tions in electronic miniaturization tech- 
nology. Particular emphasis is placed on 
the use of preassembled groups of sim- 
ilar circuit elements to simplify produc- 
tion. Developed by Robert K -F Seal and 
associates of the NBS engineering elec- 
tronics laboratory, the Model VI i.f. 
amplifier is a product of a continuing 
comprehensive program of electronic 
miniaturization. This program is sup- 
ported principally by the Navy Bureau 
of Aeronautics and, for particular equip- 
ments, by the Bureau of Ordnance. 

Size reduction of electronic equipment 
is becoming increasingly important for 
many applications, particularly in mil- 
itary equipment. Electronic miniaturi- 
zation activities initiated at NBS by the 
Department of the Navy have already 
produced a number of advances in 
printed circuit technology, and tech- 
niques for reducing size to what at pres- 
ent seems a practical minimum have 
been demonstrated. Development of the 
Model VI amplifier was undertaken, not 
to effect further substantial size reduc- 
tion, but rather to work out designs for 
maximum simplicity, flexibility, and 
ease of manufacture. 

The extent to.which the goals of sim- 
plicity and ease of fabrication have been 
attained is indicated by the fact that the 
Model VI amplifier requires only 40 con- 
struction drawings compared to twice 
that number for its immediate prede- 
cessor, the Model V. Attainment of these 
design goals centered around the use of 

separate subassemblies, each consisting 
of a preassembled group of identical or 
similar circuit elements. Model VI de - 

Perspective drawing of NBS miniature 1f. 
amplifier. Numbers are identified in text. 

sign, suitable for center frequencies 
ranging from 20 to 100 mc., is flexible 
also in its adaptability to different types 
of components; for instance, three re- 
sistor types and two capacitor types can 
be accommodated. Components were not 
restricted to those hitherto available; 
when standard components were found' 
wanting, new ones were designed, after 
consultation with manufacturers to in- 
sure that the new units would be adapt- 
able to straightforward fabrication. 
Designed to be hermetically sealed for 
protection against contamination and 
moisture, the new amplifier uses com- 
ponents and materials capable of with- 
standing the high operating tempera- 
tures, up to 200°C, found in compact 
sealed equipment. 

The capacitor, resistor, and tube - 
shield subassemblies are fastened to the 
inductor subassembly, which thus serves 

A non -plug-in case for the i.f. amplifier. 
Total volume is only 51/4 cubic inches. 

as the main chassis of the amplifier. The 
inductor subassembly comprises input 
and output transformers and six bifilar 
inductors fitted inside holes in eight 
ceramic blocks. The outer surfaces of 
the blocks are metallized by applying 
silver paint and firing. Besides provid- 
ing electrical shielding for the inductors, 
this metallizing permits soldering the 
eight blocks to the chassis to make up 
the unitized subassembly. 

The inductors themselves are wound 
on tubular powdered iron cores having 
ferrite rods at their centers. Trimming 
is accomplished by sliding the rods in 
or out. After the length of insertion has 
been adjusted, the rod is cemented in 
place and the protruding end broken off. 

The preferred capacitor subassembly 
is of a new glass dielectric type. Seven 
groups of three capacitors (heater, 
plate -supply, and automatic -gain -con- 
trol bypass) are encased in a single 
sealed and insulated glass unit. Common 
ground leads for each group of three 
are brought out from one edge of the 
unit, while the other leads extend 
through the opposite edge. This capaci- 
tor subassembly combines compactness 
with high dielectric strength and ample 
capacity (about 1500 gpfd. per capaci- 
tor). Since the capacity -temperature co- 
efficient and the losses are low, capaci- 
tors of this type could be used for tuned 
circuit as well as bypass applications.' 

(Continued on page 27) 
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From the midget champ which spins around a 1/4 mile oval 
in 19 seconds ... to the Indianapolis winner which clock 
157 m.p.h. on the straightaway ... performance is the k 
note in auto racing. In Electronics El-Menco Silvered -Mica 
Capacitors set the space. From the tiny CM -15 (2-525 mmf. 
cap.) to the mighty CM -35 (3300-10000 mmf. cap.) .. . 

unexcelled performance is paramount. 

Precision workmanship, fine materials, careful design .. . 

these are the qualities which produce peak performance in 
racing cars and in El-Menco Capacitors. There is an El- 
Menco Capacitor for every specified military capacity and 
voltage. Each unit is factory -tested at double its working volt- 
age. You are assured of dependability for every application. 

For higher capacity values - which require extreme tem- 
perature and time stabilization - there are no substitutes 
for El-Menco Silvered -Mica Capacitors. 

Jobbers, Retailers, Distributors-For information com- 
municate direct with Arco Electronics, Inc., 103 
Lafayette St., New York, N. Y. 

Write on your business letterhead 
for catalog and samples. 

MOLDED MICA 

COMES 

Fifienc OMICA TRIMMER 
CAPACITORS 

Radio and Television Manufacturers, Domestic and Foreign, Communicate Direct With Factory- 

THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT 
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WEST COAST SIDELIGHT 

IRE President, Ivan S. Coggeshall, 
General Traffic Manager, Western 
Union International Communications, 
at right, discusses manufacturing meth- 

ods for powdered -iron torodial induc- 
tors used in carrier telegraph equip- 
ment, with L. B. Rice, San Francisco 
Regional Manager of Western Union, 
at left, and Philips B. Patton of Len- 
kurt Electric Company, San Carlos, 
Calif. Occasion was an inspection tour 
of the. Lenkurt plant during the recent 
Western Convention of IRE and Pa- 
cific Electronic Exhibit in San Fran- 
cisco. 

FLUORESCENCE ANALYSIS 

Incorporating design improvements 
to facilitate rapid qualitative and quan- 
titative analysis of constituents in met- 
als, alloys, minerals, ores, chemical mix- 

tures and compounds, the Norelco Fluo- 
resence Analysis Unit is being pro- 
duced by the North American Philips 
Company, Inc., Mount Vernon, N. Y. 

.y st: 
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This unit employs a wide range ver- 
tical goniometer with a sweep radius 
of 170 mm., and utilizes a horizontal, 
water-cooled diffraction unit. Operating 
at pot*itials up to 50 kv. peak and at 
current values up to 50 ma., the unit 
is entirely non-destructive and permits 
analysis of very small specimens. 

HOUSTON IRE 

The 4th Southwestern IRE Confer- 
ence and Radio Engineering Show will 
be held in Houston, Texas on May 16th 
and 17th, 1952 at the Rice Hotel. 

Comprehensive technical sessions and 
equipment expositions are being planned 
for electronic engineers in all fields. 

The conference manager is Mr. ' Ger- 
ald L. K. Miller, past chairman of the 
Houston Section of IRE, 1622 West 
Alabama, Houston, Texas. 

D.C. POWER SUPPLIES 

Performance figures on d.c. power 
supplies, manufactured by Sorensen & 

$,. 

_ _. 
1111_111111 - =__ : = _el =M1 v=;:l == 

0 SO 100 

tann, vaua-nan, 
SO SOO 330 300 aN SOS 

Company, Stamford, Ccen., indicate 
minimum current available over the en- 
tire specified voltage range, except 
when voltage approaches zero. The 
illustration shows the performance of a 
typical unit, Model 325BB. The un- 
shaded rectangle represents the speci- 
fied performance, with the rated cur- 
rent output (125 ma.) available at any 
output voltage above ten volts and with 
105 line volts. The shaded area shows 
the extra current capacity available at 
any output voltage and at Varioùs line 
voltages. - 

COMPANY MOVE 

The Technology Instrument Corpora- 
tion, formerly of Waltham, has now 
moved to Acton, Massachusetts, because 
of the rapidly expanding activities of 
the company. 

All basic manufacturing operations, 

including winding of potentiometers 
and transformers, production of basic 
parts for precision potentiometers such 
as precision turning, milling, grinding, 
and boring operations, can be carried 
on in this new plant. Assembly opera- 
tions are divided into two sections; one 
for potentiometers, and the other for 
precision laboratory instruments. Ex- 
tensive laboratory facilities for devel- 
opmental and experimental work are 
provided for all phases of the com- 
pany's activities. 

WIRING HARNESS 
The Runzel Cord & Wire Co., Chi- 

cago, Ill., is offering technical advice in 

wiring harnessing 
harnesses completely assembled, fin- 
ished and terminated, with shielded 
leads and jacks, terminals and/or plugs 
properly attached, ready for installa- 
tion in the various electronic devices 
and machines. 

The illustration shows a typical wire 
harness in the process of assembly, 
demonstrating service to manufacturers 
of electrically operated machinery and 
devices. 

and is fabricating 

INDUCTION HEATING 
Induction heating has proved useful 

in selective hardening, high tempera- 
ture brazing, soft soldering, selective 
annealing, shrink fitting, melting elec- 

trolytically deposited tin for tin reflow, 
and melting small amounts of ferrous 
and non-ferrous metals. 
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Constant voltage transformers, such 
as those made by Sola Electric Com- 
pany, Chicago, Ill., protect the filaments 
of the rectifier and oscillator tubes 
against voltage fluctuation, thus in- 
suring optimum performance and tube 
life. The transformer shown in the 
photograph is one of two such 'trans- 
formers installed in Lindberg Engi- 
neering Company's r.f. heating units. 

TUBE OVEN 

A new baking and - annealing oven, 
used for experimental work for televi- 
sion picture tubes, is utilized by the 

General Electric Company, Syracuse, 
N. Y. Subject to extreme heat, the 
oven cools slowly, eliminating brittle- 
ness in the tube. 

PHYSICS DEPARTMENT EXPANSION 

Increasing demand for research in 
fields of physics, electronics and instru- 
mentation, has caused Southwest Re- 
search Institute to broaden its Physics 
Department staff. Recent appoint- 
ments, as announced by Dr. Paul Er- 
landson, include the following: James 
W. Annis, James C. Axtell, Bascom F. 
Batts, William W. Bradshaw, Graydon 
E. Buss, William C. Coombs, Dr. Charles 
A. Culver, Malon H. Dickerson, George 
A. Furguson, Felix N. Kusenberger, 
John P. O'Meara, Richard E., Pabst, 
and M. John Prucha, Jr. 

NEW CORPORATION 

The formation of a new corporation, 
Magnecord International Ltd., Chicago, 
Ill., has been announced by Magnecord, 
Inc., manufacturers of professional 
tape recorders. 

The international corporation will 
handle all Magnecord business outside 
of the Western Hemisphere, having as 

(Continued on page 25) 

... from PYONGYANG ... to PASADENA! * 
Magnecord Tape Recorders are on duty in 

Korea. Intelligence officers using Magnecor- 
ders record first-hand reports of jet pilots just 
back from front-line sorties. Used extensively 
by the Air Force, Magnecorders undergo ex- 
tremes in field conditions and still record with 
dependable high fidelity. 

At KXLA, Pasadena, Calif., portable Magne- 
corders make "remote" recordings of top pro- 
fessional quality, r nd do it so easily. On a 

fighter strip or in the studio you can handle 
delayed programs with complete assurance 
when you use Magnecorders, the first choice 
of radio engineers everywhere. 

MORE FEATURES 
PT7 accommodates 101/h" reels 
and offers 3 heads, positive tim- 
ing and pushbutton control. PT7 
shown in console is available for 
portable or rack mount. 

GREATER FLEXIBILITY 
In rack or console, or in its really 
portable cases, the Magnecorder 
will suit every purpose. PT6 is 
available with 3 speeds (3,4", 
71/2rr, 15") if preferred. 

HIGHER FIDELITY 
Lifelike tone quality, low distortion, 
meet N.A.B. standards - and at a 
moderate price. PT63 shown in rack 
mount offers 3 heads to erase; record 
and play back to monitor from the 
tape while recording. 

WRITE FOR NEW CATALOG 

, INC. 
360 North Michigan Avenue 
Chicago 1, Illinois, Dept, RE -12 

Send me latest catalog of Magnecord equipment. 

Nome 

Address 

City Zone Stole 
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REJECTION FILTER 

Krohn -Hite Instrument Company, 
580 Massachusetts Ave., Cambridge, 
Mass., announces a new variable ultra - 
low frequency rejection filter. 

Featuring low internally generated 

noise, single scale logarithmic dials, 
electronically regulated supplies, and 
input and output buffer stages, the 
Model 350-A is especially useful for 
vibration studies and electromedical re- 
search, for geophysical and seismologi- 
cal instrumentation, and in conjunction 
with any low frequency phenomenon in- 
volving selective amplification. 

The high and low cut-off frequencies 
of the rejection band are adjustable 
over the frequency range from 0.02 to 
2000 cps. A sharp null may be obtained 
at any frequency between 0.1 and 500 

cps, with gain within 3 db of unity at 
one octave above or below the null fre- 
quency. 

PULSED CARRIER GENERATOR 

A new pulsed carrier generator, de- 
signed to give rapid and accurate tran- 
sient response information, is offered by 
Kay Electric Company, Pine Brook, 
N. J. 

Known as Rada -Pulse, it has the fol- 
lowing specifications: Carrier frequen- 

cies : 30 me and 60 me. Pulse widths: 
0.1 and 0.25 microseconds. Pulse repeti- 
tion rate: Continuously variable from 
500 to 2000 pps. Maximum r.f. output: 

approx. 1 volt at 70 ohms. Attenuators: 
20 db, 20 db, 10 db switched, 10 db con- 
tinuously variable. 

Pulse output is 50 volts at 70 ohms. 
External modulation: Input terminals 
provided to permit modulation by other 
pulse widths from external source. Trig- 
ger pulses: Positive and negative fur- 
nished ahead of pulsed carrier to trig- 
ger oscilloscope sweep circuit. Regulated 
power supply is built in.. 

INDICATING CONTROL UNIT 

The Cat. 120 Electronic Differential 
Pressure Indicating Control unit is an 
electronic control system designed to 
indicate and control the differential 
pressure between a volume of corrosive 
gas and a surrounding gas, manufac- 
tured by The Henry G. Dietz Company, 
12-16 Astoria Boulevard, Long Island 
City 2, N. Y. 

It consists of a sensing element and 

an indicating control unit, the sensing 
element noting a signal according to 
the variation in the differential pres- 
sure, which will produce a visual indi- 
cation on the indicating control unit lo- 
cated at a distance of approximately 
100 to 250 feet from the sensing ele- 
ment. The indicating control unit, in 
addition to being a visual indicator, is 
a two position controller which will 
close a set of contacts when the differ- 
ential pressure drops below a predeter- 
mined value. A manual control on the 
indicating control unit is provided so 
that the pressure differential, necessary 
to operate the contact points, may be 
varied. This control system, with modi- 
fications of the sensing element, can be 
adjusted to be used to indicate linear 
movement and, therefore, may be used 
to indicate pressures, temperatures, ac- 

celerations, and forces, provided the 
equipment is calibrated in terms of the 
particular sensing element used. 

The sensing element is constructed 
of special materials, such as teflon and 
monel, to withstand the action of corro- 
sive gases. 

SERVO MOTORS 
A complete line of low inertia servo 

motors with high voltage control wind- 
ings, which eliminate the need for 
transformers in servo amplifiers, is now 
being produced by Ford Instrument 

Company, 31-10 Thomson Ave., Long 
Island City, N. Y. 

These motors have close -coupled 
windings for feedback purposes, and 
are available in 1/z, 1-1h, 5= and 10 -watt 
sizes. Of particular significance is the 
space and weight saving resulting from 
the elimination of the transformer. 

ELCTRONIC MANOMETER 
AND FLOWMETER 

An entirely new type, highly sensi- 
tive electronic manometer and flow - 
meter, having no glass or plastic tubes 
and containing no fluids, is announced 
by the Hastings Instrument Company, 
Inc., Hampton, Va. 

The electronic manometer operates 
from a noble metal thermopile. The two 
taps on the gauge tube are connected 

to the two points at which the pressure 
difference is to be measured. To use the 
instrument as a flowmeter, the tube is 
directly in the line for low flow rates or 
connected to pressure taps on two sides 
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of a calibrated orifice for high flow 
rates. 

The electronic manometer measures 
extremely low pressure differences, hav- 
ing a dual range of 0.001" to 0.1" and 
0.1" to 2" of water. The calibration and 
accuracy of the instrument are not af- 
fected when long extension cables are 
used from the gauge tube to the meter, 
and may be used. for direct indications 
or attached to a recorder. 

Accessories to the instrument include 
a 5 -position switching attachment, per- 
mitting monitoring of gauge tubes in 5 

locations with one indicating meter. The 
instrument operates on 110 v., 60 cycle 
power, with a constant voltage trans- 
former available to eliminate any effects 
from variation in the line voltage. 

SPRING COMPUTER 
Problems of spring design are solved 

with the Calculaid Spring Computer, 
devised by the American Hydromath 
Corporation, 145 W. 57th St., N. Y. 19, 
N. Y. This computer correlates, in one 
setting, all the variables in spring de- 
sign, namely G. D. of spring, wire size 
in diameter and gauge number, number 
of active coils, material and its torsional 
modulus G, maximum sheer stress, load 
and total deflection. 

The computer's stress scale includes 
the correction for non-linear distribu- 
tion of torsional stresses in curved wires 
and is produced from sheets of vinylite 
plastic, having laminated scale mark- 
ings. 

LABORATORY MONITOR 
Featuring greater reliability and a 

- better method of high voltage control, 
a new laboratory monitor is announced 
by Tracerlab, Inc., 130 High Street, 
Boston 10, Mass. 

The SU -3B Laboratory Monitor is 
a.c. operated, and has three full-scale 

meter ranges of 200, 2000, and 20,000 
counts per minute. It was developed 
specifically for use as a contamination 
monitor in radioactivity laboratories. 
Weighing 17 pounds, it is equipped with 
a mica end -window Geiger tube, loud- 
speaker monitor for use as an aural 
monitor, volume control, and built-in 

pulse generating circuit synchronized 
with 60 cycle line frequency, allowing 
quick calibration check without need of 
an external pulse generator. 

WIDE BAND VIDEO AMPLIFIER 
Designed for use as an oscilloscope 

deflection amplifier for the measure- 

ment and viewing of pulses of extreme- 
ly short duration and rise time, a new 
'improved Wide Band Video Amplifier, 
Model V-2, has been announced by 
Polarad Electronic Corporation, 100 
Metropolitan Ave., Brooklyn 11, N.' Y. 

The amplifier has a flat amplitude 
response ± 1.5 db from below 10 cps 
to 20 mcps. It is a tool for laboratory 
and industrial use to extend the ampli- 

tude range of vacuum tube voltmeters 
and signal generators. Permitting ac- 
curate analysis of television signals by 
its extended frequencies, sixty cycle 
square waves are passed with less than 
5% tilt. 

MINIATURE POWER RESISTORS 

'fife llalohnt resistor, said to pack 
more resistance per watt per cubic inch 
than any other resistor on the market 
today, is now being produced by the 
Dale Products, Inc., Columbus, Ne- 
braska. 

This resistor, made in 2-, 5-, 10-, 25-, 
and 50 -watt sizes, is sealed by a special 
silicone material, making it completely 

impervious to moisture, with completely - 
welded construction from terminal to 

(Continued on page 22) 
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Coil Insu;'ance 
FOR FAMOUS PRODUCTS 

SQUARE, ROUND 

OR RECTANGULAR 
1" to 30" LONG 
.450" to 25" I.P. 

TOLERANCES to .002' 

.ti7; ' 
PARAMOUNT Spiral Wound PAPER TUBES 

Protect Coil Accuracy and Stability 
in Countless Applications 

Years of specialized "know-how" easily 
enable PARAMOUNT to provide exactly 
the shape and size tubes you need for coil 
forms and other uses. Hi -Dielectric. Hi - 
Strength. Kraft, Fish Paper., Red Rope or 
any combination wound on automatic ma- 
chines. Wide range of stock arbors. Special 
tubes made to your specifications or engi- 
neered for you. 

NEW! Moisture -Resistant Shellac -Bonn 
Kraft Paper Tubing. Heated shellac forms 
a bond which prevents delaminating under 
moisture conditions. 

Paramount PAPER TUBE CORP. 
613 LAFAYETTE ST., FORT WAYNE, IND. 

Manufacturers of Paper Tubing for the Electrical Industry 

WRITE 

ON COMPANY 
LETTERHEAD FOR 

STOCK ARBOR 
LIST OF OVER 

1000 SIZES 

J 
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rsonal 
Dit. W. R. G. BAKER was awarded the medal of honor 

of the Institute of Radio Engineers for his technical contri- 
butions to the art of radio transmitting and outstanding 
service to the Institute. Dr. Baker, Vice President of Gen- 
eral Electric Company, is also Chairman of the National 
Television Systems Committee -of the Radio -Television -Man- 
ufacturers Association and is active in many other engineer- 
ing, management, and civic organizations. 

GEORGE R. FAUSTMAN has been named general fac- 
tory manager of the Bendix Radio Division of Bendix Avia- 
tion Corporation, according to an announcement by E. W. 
Foster, Vice President of the corporation. Associated with 
that company for the past 11 years, Mr. Faustman held 
successive positions of supervisor of standards, plant super- 
intendent, and chief industrial engineer of the Division, 
besides being Director of the Society for the Advancement 
of Management. 

JAMES B. FERGUSON has been appointed Chief Engi- 
neer of Link Radio Corporation, having contributed exten- 
sively by designing mobile radio transmitter -receiver units. 
Among the first 100 men in the country to receive a commer- 
cial radio operator's license in 1912, Mr. Ferguson also was 
a radio engineer in the U.S. NavyDepartment, Vice Presi- 
dent of Ship Owners' Radio Service, President of J. B. 
Ferguson, Inc. and Manager of Press Wireless, Inc. 

JAMES E. MYERS has joined the staff of the Research 
Division of Burroughs Adding Machine Company, as Re- 
search Engineer. Mr. Myers received the degree of A.B. in 
Mathematics from the University of Michigan in 1942 and 
served as an Ensign in the U. S. Navy. From 1946, until join- 
ing the Burroughs organization, he was a research associate 
at the Moore School of Electrical Engineering, University of 
Pennsylvania. 

DR. HENRY M. O'BRYAN has been appointed man- 
ager of the Physics Laboratories, Sylvania Electric Products, 
Inc. Prior to his work with the Research and Development 
Board in Washington, he served as Director for the Baird 
Associates of Cambridge, Mass. and was a member of the 
staff of the Naval Ordnance Laboratory. Dr. O'Bryan received 
his Ph.D. from Johns Hopkins University in 1930, and was 
Associate Professor of Physics at Georgetown University. 

DR. WENDELL C. PEACOCK has been elected Vice 
President and technical director of Tracerlab, Inc. Respon- 
sible for the introduction of many unique pioneer products of 
that company, his work included synthesized radioactive 
chemicals and equipment employing radioisotopes. After re- 
ceiving his doctorate from M.I.T. in 1944, Dr. Peacock par- 
ticipated in advanced procedures for radioisotope standard- 
ization at Oak Ridge, Tennessee. 

New Products 
(Continued from page 21) 

terminal. It has a standard tolerance 
of one per' -cent, with tolerances as high 
as 0.05 per -cent furnished, plus a re- 
sistance shift less than 0.00002 per- 
cent per degree centigrade. The tem- 
perature coefficient of this resistor is 
substantially flat. 

VIBRATION ISOLATORS 
New unit vibration isolators, devel- 

oped.and_manufactuzed by The Barry 
Corporation, 870 Pleasant St., Water- 
town 72, Mass., cover new load ranges 
of 8 to 16 lbs., 14 to 25 lbs., and 22 to 
35 lbs. The new units are available in 
the 6600 series, the 6645 series, the 
6600R series, and 6645R series. 

The 6645 and 6645R series units have 
center studs 5/32" longer than the cor- 
responding units in the 6600 and 6600R 

LOAD -BEARING 
SPRING 

SNUBBING 
WIRE MESH 

FRICTION - 
DAMPING 

WIRE MESH 

series and may be attached directly to 
the equipment, instead of requiring 
dimples at the mounting holes. The 
6600R and 6645R units are "Rugged- 
ized" to withstand severe shocks, such 
as those met in arrested landings in, 

aircraft carrier service and in crash 
landings. They are tested to meet the 
shock requirements of Specification 
AN -E-19 for the equipment sizes listed 
in JAN -C -172A. 

All of these new unit vibration iso- 
lators exhibit excellent performance, 
unaffected by very extreme temper- 
atures. 

PHASING POTENTIOMETER 
A new C-200 series of potentiometers 

has been announced by the DeJur-Ams- 
co Corporation, 45-01 Northern Boule - 

yard, Long Island City, N. Y., with 
clamping ring method of gauging that 
permits accurate external phasing of in- 
dividual units at any angle when cir- 
cuit elements are changed. 

The taps on this potentiometer, Ser- 
ies C-200, can be furnished at any speci- 
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fled points on the winding within ± 1/2°, 

and it has a mechanical rotation of 360° 
continuous, and electrical rotation of 
320° ±1°. The resistance range is 10 

to 200,000 ohms, up to ± 1%, with a 
linearity accuracy up to ± 0.25%. Its 
operational life is 1,000,000 cycles de- 
pendent on rating and has a case of 
anodized aluminum. 

NOISE AND FIELD STRENGTH METER 

The incorporation of the "slide -back" 
technique in the vacuum tube voltmeter 
circuit of their Model 58 U.H.F. Radio 

Noise and Field Strength Meter has 
been announced by Measurements Cor- 
poration, Boonton, N. J. 

Making possible a greater accuracy 
of noise measurements of short pulses 
having a slow repetition rate, or a ran- 
dom variation in magnitude, Model 58's 
already in use may be modified to in- 
clude this new facility. Covering the 
frequency range of 15 to 150 mega- 
cycles, Model 58 is used for the meas- 
urement of steady carrier voltages or 
fields; line loss; front -to -back ratios of 
directional antennas; signal-to-noise 
ratios of antennas; effectiveness of 
noise filters and for investigation of ig- 
nition and other radio noises. 

WIRE HARNESS CLAMP 

Built with an interlocking slot and 
T-shaped tongue, the new Wire Harness 
Clamp, manufactured by Tinnerman 
Products, Inc., Cleveland, Ohio, can be 
opened and closed without the use of 
tools. The tongue, which slips into a 
narrow portion of the slot and is held 
by lateral and outward spring action, 
may be used singly or in tandem to 
hold bundles a" to 1-1/4" in diameter. 
It can be opened without removal from 
the structure to which it is attached 
and features pre -assembly to the wire 
bundle, facilitating installation. 

This new type wire harness clamp is 
also suitable for varying dimensions 
caused by deviations in wire insulation 
thickness, and is compatible for mount- 
ing to the structure with a screw driver. 

TUBING AND SLEEVING SELECTOR 

A new and easier way to select the 
exact size of tubing or sleeving needed 
to insulate wires is the main feature of 
a new sample card, the "Dieflex" Selec- 

tor, distributed by Insulation Manu- 
facturers' Corporation, 565 West Wash- 
ington Blvd., Chicago 6, Illinois. 

Leads or wires, slipped into the 
closest fitting hole on an aluminum 
gauge, permit determination of the cor- 
rect size of tubing or sleeving, with 
seven actual samples of the different 
types, grades, and colors mounted on 
-rugged pressboard. A description of 
various tubing or sleeving types is also 
included on the selector. 

MULTIPLE SPINDLE DRILLING MACHINE 
A multiple, 1-1/2 H.P. axial air gap 

motor driven Spindle Drilling Machine, 
ME -25 with three spindles mounted in- 
tegral to a column, and suited to high 
volume production, has been introduced 
by the Sibley Machine & Foundry Corp., 
South Bend, Indiana. 

Featuring a 25" swing, the ME -25 
has a wide speed range obtained by a 
self-locking speed control. A tachometer 
on the front of the machine provides ac- 
curate reading of speeds, with five op- 
tions of spindle speeds, each with a 4 to 
1 ratio, ranging from a low of 206-825 
rpm, to a high of 540-21'60 rpm, and 3 

phase 60 cycle motor. Having a capa- 
city of s/4" in steel and 1" in cast iron, 
the machine is equipped with a speed 
chart on the side of the machine show- 
ing proper speeds for different drill sizes. 

DUAL POWER RHEOSTATS 

The DeJur-Amaco Corporation, Long 
Island City, N. Y., has announced new 
features to its precision power rheo- 
stats. They are available as dual units 
with single hole mounting of both Mod- 
els 245 (25 -watt each section) and 241 
(50 -watt each section) for simultaneous 

operation of independent circuits by 
means of one control. 

Of all -metal construction, with black 
anodized aluminum diecast frame, met- 
al winding core, stainless steel insulated 
shaft, and copper graphite brushes, 
these rheostats are available in excep- 
tionally high resistance ranges within 
± 5% up to 50,000 ohms in the 25 watt 
size, and 75,000 ohms in the 50 watt 
size. Linear and non-linear windings 
over this range can be maintained with- 
in ±1%. 

Sylvania Offers FULL -LINE of 
High Quality Sockets 

Sylvania now offers a full line of 

sockets for military and civilian 

requirements, manufactured in ac- 

cordance to JAN and RMA speci- 

fications. Available in General 
Purpose and Low Loss Phenolics 

and Steatite, with any combina- 

tion of contact materials. 

Available twes include 7- and 9 - 

pin Miniature, Turret, Octal, Duo - 

Decal, etc., sockets. For complete 

descriptions write today for new 

illustrated catalog to: Sylvania 
Electric Products Inc., Dept. 
A-1012, Parts Sales Division,War- 
ren, Pa. 

JAN 7 -Pin 

SI Miniature Socket 

(Shield base type) 

RMA 9 -Pin 
Miniature Socket 

(Shield base type) 

+ag, -~ y 

a 
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(Top Mounting) 
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Printed copies of these or any other pat- 
ents may be obtained, from the U. S. Patent 
Office for 25e each. Address the Commis- 
sioner of Patents, Washington 25, D. C. 

FREQUENCY DIVIDER 

The object of this invention is to pro- 
vide a novel, stable frequency divider 
with a high count -down ratio which 
depends primarily on the peak -to -peak 
voltage of an auxiliary wave developed 
by the circuit. 

A linear saw -tooth wave is developed 
in the left-hand section (see diagram) 
and fed to a multivibrator or blocking 
oscillator (right-hand section.) The in- 
put pulses developed by the pulse source 
(center section) are also fed to this 
right-hand section. Thus, sharp pulses 
will be superimposed on the saw -tooth 
wave and, after a certain number of 
pulses, the voltage at the right-hand 
section will be sufficient to fire the multi - 

vibrator or blocking oscillator. The 
number of pulses appearing before fir- 
ing takes place gives the count -down 
ratio. 

Several variations of this circuit are 
described, and parts values given for a 
circuit having a count -down ratio of 
14 to 1. Much higher stable count -down 
ratios are possible with this circuit. 

Patent No. 2,562,889 was issued 
August 7, 1951, in the name of John 
A. Buckbee. 

PROSPECTING 
The determination of gamma rays 

emitted from the earth is a valuable 
aid in a variety of operations including 
well logging, geological mapping of con- 
tacts, outcrops, etc., and also in locat- 
ing deeply buried mineral deposits. 
Because of the weakness of these radia- 
tions, they are frequently masked by 
cosmic rays and the normal background 
count. This invention presents methods 
for increasing the accuracy of measur- 
ing gamma radiation. 

Two detectors are used, both of which 

have about the same efficiency for the 
detection of background radiation, such 
as cosmic rays. One detector is then 
made more sensitive to gamma rays 
than the other by any of several meth- 
ods. The outputs of these two detectors 
are subtracted electrically and the dif- 

ference is measured. 
greatly increases the 
investigation. 

Several variations are described, in 
addition to the one shown in the dia- 
gram. 

Patent No. 2,562,968 was issued 
August 7, 1951, in the name of C. F. 
Teichmann et al. 

This procedure 
accuracy of the 

STABILIZED ELECTRIC OSCILLATOR 
The problem of instability in oscilla- 

tors, with respect to both frequency and 
amplitude, has been attacked by engi- 
neers from many different angles. This 

invention represents one approach to 
the solution of the problem. 

Oscillation circuit arrangements are 
set up in which the interelectrode im- 
pedances of the tube or other device are 
made to form a part of the oscillation 
circuit in such a way that variations 
of their resistive components do not 
affect the frequency. 

The circuit shown incorporates these 
arrangements, and includes a thermo- 
sensitive element (shown circled) which 
functions in such a manner as to hold 
the output amplitude constant. 

Patent No. 2,562,894 was issued on 

August 7, 1951 in the name of G. P. 
De Mengel. 

PHASE SENSITIVE DEMODULATOR 

In many types of measurements, a 
carrier wave has superimposed on it a 

e`:-.:« 1 

modulation voltage which varies in di- 
rection. In demodulating this carrier, 
it is many times desirable to distinguish 
phase or direction as well as ampli- 
tude. It is the purpose of this invention 
to describe such a system. 

The circuit, as shown, performs as in- 
dicated. A pair of balanced demodu- 
lators is connected between two trans- 
formers, one fed direct from the bridge 
output through an amplifier, and the 
other from the oscillator supply through 
a phase shifting network. When the 
circuit is adjusted properly, the indi- 
cating meter will denote a 180° phase 
reversal in the bridge output. 

Patent No. 2,562,912 was issued 
August '7, 1951, in the name of Paul 
F. Hawley. 

BEAM DEFLECTION SYSTEM 

This invention presents a system 
whereby linearity and size of picture 
in a TV receiver are controlled by a 
single control, and also includes a novel 
coupling between a saw -tooth voltage 
wave source and a power amplifier. 

In the circuit shown, picture size and 
linearity are together controlled by 
resistor R,. This resistor provides a size 
variation and, at the same time, effects 
a bias change of just the right amount 
and direction to maintain a constantly 
linear output once resistor R. has been 
properly set. 

The patent includes a set of typical 

component values for the proper .func- 
tioning of this circuit. 

Patent No. 2,562,985 was issued 
August 7, 1951, in the name of Marvin 
H. Kronenberg. 

24 RADIO -ELECTRONIC ENGINEERING DECEMBER, 1951 



News Briefs 
(Continued from page 19) 

its special aim, the creation of new 
markets for U. S. goods and the goal of 
distributing manufacturing "know- 
how" to the countries unable to manu- 
facture for themselves. 

The manager of the new corporation 
is Mr. Ad. Auriema, who has been 
widely recognized as one of the leading 
experts on the export of electronic 
merchandise. 

LOAD CELLS 

SR -4 Load Cells, supplied by Bald- 
win -Lima -Hamilton Corporation, Phila- 
delphia, Pa., are being used to weigh 
dynamometer loads for full scale tests 
of aircraft reciprocating engines. 

Composed of steel columns or rods, 
the load cells are bonded by SR -4 re- 

sistance wire strain gauges. Strains in 
the column affect the electrical resist- 
ance of the strain gauges, with elec- 
tronic circuits of an indicator changing 
automatically into units of torque or 
thrust. 

IBM INFORMATION MACHINE 

The development of an electronic in- 
formation searching machine by the 
International Business Machines Cor- 
poration, brings to light the use of 
photoelectric eyes to read scientific in- 
formation from IBM cards at the rate 
of 1000 cards a minute. 

Coupling electronic principles with 
a new machine "language" of 792 char- 
acters, information contained in a book 
or article is thus condensed and trans- 
ferred into IBM cards. When informa- 
tion is desired, the machine matches the 
question and information cards, se- 
lecting those which give the answers. 
Successfully demonstrated before a 
group of scientists, the machine has 
been found to be important in its ap- 
plication to the field of searching for 
similar chemical compounds. 

IRE AWARDS 

The Institute of Radio Engineers 
named 45 leading radio engineers and 
scientists for its annual Fellow Award, 
at a meeting held on September 12, 
1951 in New York City. Presentation 

of the awards with citations will be 
made by the President of the Institute 
at the Annual Banquet on March 5, 
1952 at the Waldorf-Astoria Hotel dur- 
ing the 1952 IRE National Convention. 

Among the 45 recipients, was Dr. 
Newbern Smith, Chief of the Central 
Radio Propagation Laboratory of the 
National Bureau of Standards in Wash- 
ington, D. C., who is well known for his 
outstanding contributions on the propa- 
gation of radio waves. Mr. Smith was 
also named the recipient of the 1952 
Harry Diamond Memorial Award, be- 
stowed annually upon a person in Gov- 
ernment service who has made out- 
standing contributions to the field of 
radio or electronics. 

ELECTRICAL INSULATION 

An asbestos -base, silicone -treated 
Class H high temperature electrical in- 
sulation is being offered by Johns -Man- 
ville, 22 East 40th St., New York 16, 
N .Y., combining greater safety and 
opportunity for more compact design. 

Identified as "Quinterra Type 3," it 
is used for both inter -layer and wire 
wrapping insulation, and is adaptable 
to a wide range of electrical devices, 
including air-cooled, inert gas, and sili- 
cone -filled transformers. 

"Quinterra Type 3" maintains a di- 
electric strength of at least 350 vpm 
under continuous exposure to Class H 
maximum temperature of 180°C, this 
dielectric strength remaining practically 
constant even under continuously high 
humidity, When silicone treated, its 
uniformity in texture and thickness is 
aided by the base sheet of purified as- 
bestos, which is completely inorganic 
and of closed structure with no holes, 
making winding dimensions easily cal- 
culable. 

This new electrical insulation is sup- 
plied in the form of sheets, rolls and 
tapes in widths varying from 1/4" to 
36" with thicknesses from 3 to 9 mils 
and may be used alone, or combined 
with other dielectric materials such as 
mica or glass cloth. 

MINIATURIZED COUNTER DECADES 

A compact redesign of a four -tube 
electronic counter decade, approximate- 
ly one-third smaller than the standard 
decade, has been announced by the 
Potter Instrument Company, Inc., 115 
Cutter Mill Road, Great Neck, N. Y. 

Differing only in the maximum 
counting capabilities, Model 12 is de- 
signed for counting at rates up to 
130,000 counts per -second, and Model 
13, for counting at rates up to 30,000 
counts per -second. 

Four large quarter -watt neon glow 
lamps, arranged in a 1-2-4-8 decimal 
coding, facilitate accuracy of counter 

(Continued on page 31) 
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"ELECTRIC TRANSMISSION 
LINES" by Hugh H. Skilling. Pub- 
lished by McGraw-Hill Book Co., Inc., 
330 W. 42nd St., New York 18, N.Y. 438 
pages, $6.50. 

The author developed this book dur- 
ing ten years of teaching, which would 
indicate that the material contained in 
it has met all tests for accuracy and 
lucidity. The background necessary for 
studying the text includes a rather in- 
timate acquaintance with ordinary cir- 
cuit theory involving lumped constants, 
and some knowledge of integration and . 

differentiation. 
The book is a presentation of the 

theory of circuits with distributed con- 
stants, which is valid at all frequencies, 
followed by chapters on the application 
of this theory to radio -frequency lines, 
power lines, telephone lines, filters, and 
wave guides. It is written primarily for 
the more general type of course that 
treats lines at all frequencies, although 
specialized material is included on cer- 
tain applications. 

There are numerous problems at the 
end of each chapter, and numerous foot- 
notes, as well as an appendix, supple- 
ment the material 'found in the main 
body of the text. 

"NOMOGRAPHIC CHARTS" by 
C. Albert Kulman. Published by Mc- 
Graw-Hill Book Co., Inc., 330 W. 42nd 
St., New York 18, N. Y. 224 pages, 
$6.50. 

This book presents a collection of 
nomographs which have been found to 
be time -saving devices in engineering 
and mathematical computations in such 
fields as hydraulics, mechanics, thermo- 
dynamics, and electrical engineering. 
Each chart occupies a full page, and a 
brief explanation of its use is included. 
Accuracy exceeds normal slide rule cal- 
culations. 

Typical charts in the chapter on 
Function Scales include 5th, 4th, and 
3rd powers and roots; 5/2, 2/5, 1.9, 3/2, 
2/3, 1-7/16, 4/3, 3/4, 5/4, 4/5, 1.16, and 
1.1 powers; reciprocals; and circle cir- 
cumference and area. Under General 
Charts appear charts dealing with com- 
pound interest, sinking funds, annu- 
ities, and properties of triangles. The 
group of Hydraulics Charts covers var- 
ious flow calculations and other hy- 
draulic problems. Groups of charts on 
mechanics and thermodynamics cover 
these fields rather thoroughly. The 17 
charts under the Electrical group are 
of value to electronic, as well as elec- 
trical, engineers. 

A total of 92 nomographs is included 
in this useful collection. 9 b 

Square Wave 
Stimulator 
(Continued from page 15) 

dicated, each might be varied inde- 
pendently to form any rectangular 
shape with the given limits of duration 
and amplitude. Also, each pulse can 
be positioned on the sweep so as to be 

at any desired distance from the other 
pulse. Moreover, the pulses can be 
made to superimpose or even pass each 
other if desired. 

Construction and Calibration 
The chassis measures 14 x 17 x 3 

inches with a sloping front panel. Posi- 
tioning of the various components is not 
critical, and both negative and positive 
power supplies are built on the same 
chassis. Five vernier type dials with 
calibration scales (National MCN dial) 
are mounted on the sloping front. These 
provide for the selection of the repeti- 
tive rate and the duration and position- 
ing of the two stimuli. The duration 
and output range switches are also on 
this panel. On the lower chassis panel 
are the variable output controls, on -off 
switches and output jacks. 

The duration of each pulse was sepa- 
rately determined by synchronization 
with the sweep of a suitable oscilloscope 
and timed with a 1000 cycle sine wave. 
Each duration dial was calibrated in 3 

ranges, 0.1 to 3, 1 to 5, and 3 to 15 milli- 
seconds. Each positioning dial was cali- 
brated separately with the dial of the 
other stimulator set at zero position, i.e., 
the beginning of the saw -tooth timjng 
pulse in the stimulator. For our pur- 
poses it was found satisfactory to use 
an ordinary ECG string galvanometer 
recording on the customary optical ky- 
mograph to time the distances between 

the pulses at each setting of the dials. 
For greater accuracy an oscilloscope 
with a slow linear sweep synchronized 
with the beginning of the saw -tooth pulse 
in the stimulator should be used. The 
rate dial was most conveniently cali- 
brated with the string galvanometer. 

Applications 
The stimulator has been found to be 

most satisfactory for the determina- 
tion of the refractory period of isolated 
heart muscle. The variation with tem- 
perature, rate, and effect of drugs is 
easily demonstrable. Strength -duration 
curves are easily obtained for the deter- 
mination of excitability. In this instance 
the amplitude of the stimulator output 
is measured by utilizing an oscilloscope 
as a milliammeter. Moreover, the ex- 
citability of the heart muscle can be 
measured during any particular instant 
of the cardiac cycle by using one of the 
pulses to drive the muscle and the second 
pulse to measure the response at any 
set interval. 

Obviously, the stimulator could be 
used in the intact anima with chest 
opened and electrodes attached to either 
auricle or ventricle. Here, as in the 
isolated preparation, refractory period 
and excitability may be conveniently 
studied. Preliminary experiments in 
our laboratory have shown the stimula- 
tor to be entirely satisfactory for this 
purpose. Other uses might be the study 
of excitability and refractory period of 
skeletal muscle and even certain types 
of nerve and smooth muscle responses. 

REFERENCES 

1. DiPaina, J. R., and Maecatello, A. V., "The 
Resting Excitability and Refractory Period 
of the Isolated Auricle and Papillary Muscle 
of the Cat's Heart; With a Note on Summa- 
tion of the Papillary Muscle." 
(In Press). 

2. Lewis, T., Drury, A. N. and Bulger, H. A. 

Fig. 5. Block diagram of setup for using the square wave stimulator. 
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Fig. 6. Circuit diagrams of power 
supplies for use with stimulator. 
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Miniature I. F. Amplifier 
(Continued from page 16) 

Because the multiple glass -dielectric 
capacitor subassembly was developed 
specially for Model VI and is not yet in 
production, an alternative capacitor sub- 
assembly was designed. This unit uses 
capacitors consisting of high -K ceramic 
tubes of 0.100 -inch outer diameter sil- 
vered inside and outside. The outside 
plates are grounded directly by solder- 
ing the tubes to the subassembly chassis 
sheet, while metal inserts soldered in- 
side the tubes provide the inner plate 
connections. 

Three types of resistors may be used 
with the amplifier. The NBS tape or 
printed type seems most promising, 
since all resistors may be applied and 
fired on a single ceramic subassembly 
plate. Because all the required tape re- 
sistance values are not yet available, 
however, variations of the Model VI 
constructed so far have used 'separate 
resistors rather than a single subassem- 
bly. These have been either conventional 
14. -watt carbon composition resistors or 
the cracked -carbon -on -ceramic type. 

The remaining subassembly comprises 
the tube shields. Thin brass tubes, 1% 
inches long and 0.400 inch in diameter, 
are placed side by side and joined in a 
single soldering operation. Spring fin- 
gers on the main chassis hold the re- 

suiting shield subassembly in place over 
the tubes. 

Final assembly of the Model VI is a 
rather simple matter. After the sub- 
assemblies have been combined, only the 
tubes and r.f. chokes remain to be added, 
and also the resistors if a unitized re- 
sistor subassembly has not been used. 
The seven tubes are of a single type, 
the 5702,2 although other types might' 
have been used. The chokes, used in 
chains in the plate, heater, and age 
voltage supply lines, are wound directly 
on ferrite cores % inch long and 1/16 

inch in diameter. To withstand high tem- 
peratures, "Ceroc-200" insulated wire' 
is used for the chokes as well as for the 
inductors. 

Wiring is simple and accessible. Since 
the layout makes possible extremely 
short connections, component leads are 
used exclusively. A high melting point 
solder of 95 per -cent tin and 5 per -cent 
silver was used throughout except for 
the case assembly; for this, a silver 
solder was used to give greater mechan- 
ical strength. 

The various subassemblies shown in 
the perspective drawing (page 16) are 
identified as follows: (1) tube shield 
assembly; (2) amplifier chassis; (3) 
clips for tube shield subassembly; (4) 
capacitor subassembly; (5) common 
ground leads for triple capacitor sec- 
tions; (6) steatite inductor mounts; 
(7) solder points connecting ground 
leads to metallized surface of inductor 
mounts; (8) resistors, cracked carbon 
on steatite, high temperature miniature 
type;. (9) power, control, and signal 
leads; (10) chokes; and (11) inductor, 
bifilar-wound on powdered iron core. 

Many types of circuits could of course 
be adapted to some or all of the design 
features of the Model VI amplifier, and 
the circuitry used in the developmental 
model is not particularly significant. In 
the developmental model the first two 
tubes, comprising a low -noise input cir- 
cuit, were triode connected and were 
followed by five tuned pentode stages. 
Over-all bandwidth was about 3.5 mc. 
with a center frequency of 30 mc., while 
gain was about 120 db. Input and out- 
put of the amplifier were transformer - 
coupled to coaxial cables. 

The NBS Model VI miniature i.f. am- 
plifier thus combines easier produci- 
bility, principally through the use of 
subassemblies, with the great compact- 
ness of previous NBS electronic minia- 
turization developments. The techniques 
and components embodied in the Model 
VI amplifier are, of course, adaptable 
to other electronic equipment. 
' These capacitors were developed and manufac- 
tured by Corning Glass Works in accordance with 
specifications submitted by NBS. 

Product of the Raytheon Manufacturing Com- 
pany. 
s Product of Sprague Electric Company. 
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Medical Electronics 
(Continued from page 13) 

with the combination of a piezoelectric 
crystal transducer, or some similar de- 

vice for transforming pressure into an 
electrical impulse, and a direct -coupled 
amplifier. Although this method was 
fairly satisfactory, it suffered from one 

major deficiency-drift in the direct - 
coupled amplifier. This created the se- 

rious problem of a shifting baseline with 
its unavoidable error in measurement. 
That is, if the resting state of the am- 
plifier (representing 0 mm. of pressure) 
drifts to a new balance point, the re- 
cording pen will shift accordingly, and 
the blood pressure reading will be in 

error by an equal amount. In experi- 
ments in which it is necessary to oper- 
ate the amplifier over moderately long 
periods of time (five or six hours), 
this error can be considerable. 

This problem is avoided in the electro - 
manometer by the r.f. bridge circuit 
which converts the variations in blood 
pressure to radio frequency instead of 
direct current. This makes it possible to 
use the more stable, resistance -capaci- 
tance coupled amplifier in which the 
drift effect is of negligible proportions. 
By the time the signal reaches the final 

stage of direct -coupled amplification in 

the multiple channel recorder, the am- 

plitude of the signals which represent 
the blood pressure level are amplified 

to such an extent that the drift effect 

is almost undetectable. 
The diagnosis and evaluation of the 

severity of heart disease constitutes 
one of the most difficult problems in 

medicine. However, with the aid of a 

new device, the balIistocardiograph, 
this question is greatly simplified. Bal- 

listocardiography is based on the prin- 
ciple that when an individual lies on a. 

flat solid surface, his body moves back 
and forth with each respiration and 
heart beat. Thus, on inspiration the body 

moves footward, and on expiration the 
body travels headward; at the time the 
heart contracts to pump the blood 

through the body, the body is pushed 
footward. 

It is possible to record these move- 

ments of the body in several ways. The 
changes in pressure of the body against a 

device for converting pressure changes 
into electrical impulses, such as a piezo- 
electric crystal, can be measured. ' A 

second method to obtain ballistocardio- 
grams is a magnetic method. This in- 
strument was described by Dr. William 
Dock of the Department of Medicine, 
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Fig. 4. A direct -coupled amplifier for biologic recording. 
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of Medicine in a recent issue of the 

Journal of the American Medical Asso- 

ciation. The electromagnetic ballistocar- 
diograph, as it is called, is quite simple, 
consisting of a stationary alnico magnet 
and a pickup coil mounted on a board 
which is laid across the patient's shins. 
As the patient's body moves headward 
and footward, the pickup coil sweeps 

across the magnetic field of the alnico 
magnet. The induced current which 

flows through the coil as the latter cuts 
the lines of force from the magnet, is 

fed into a resistance -capacitance cou- 

pled amplifier of the type shown in Fig. 
2. The purpose of the 50 µfd. condenser 
is to filter out the electrical impulses 
which are produced by the respiratory 
component of the body's motion. 

In the photoelectric ballistocardio- 
graph (illustrated on p. 11) the box -like 
frame rests on the patient's shins and, 
as it also rides with each axial ballistic 
movement of the body, a sharply de- 
fined light beam of standard intensity, 
from a light source within the unit, 
swings rhythmically across the window 
of a photoelectric device placed in 
proper proximity on the testing table. 
The moving field of light modulates the 
stationary photoelectric cell proportion- 
ately to the ballistic thrusts, and the 
resulting electrical impulses are am- 
plified and recorded by the same type of 
amplifier as shown in Fig. 2. The bal- 
listocardiogram is then analyzed to ob- 

tain the desired information. 
These instruments represent only a 

few of the refinements which have re- 
sulted from the combined efforts of the 
electronic engineer and the research 
scientist. Certainly the future will see 
even greater achievements in the cease- 
less war against disease. a 

emEeDI' c M1 
NOV. 29 -DEC. 1-First JETEC General 
Conference, Absecon, N.J. 

DEC. 6-7-AIEE Conference on Feed- 
back Control Systems, Haddon Hall 
Hotel, Atlantic City, N.J. 

DEC. 10-12-Joint AIEE-IRE Computer 
Conference, Benjamin Franklin Hotel, 
Philádelphia, Pa. 
JAN. 21-25, 1952-AIEE Winter Gen- 
eral Meeting, Hotel Statler, New York. 

IAN. 30. 1952-IAS-ION-IRE-RTCA Con- 
ference on Air Traffic Control, Astor 
Hotel, New York. 

MAR. 3-6. 1952 -IRE National Conven- 
tion, Waldorf-Astoria Hotel and Grand 
Central Palace, New York, N.Y. 

MAY 16.17, 1952-Fourth Southwest- 
ern IRE Conference and Radio Engi- 
neering Show, Rice Hotel, Houston. 
Texas, 
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Freq. Divider 
(Continued from page 7) 

same 1 -mc. input pulses to the "input 
for lock -in delay." The pulses would 
then have been inverted by Vaa, coupled 
through a b-µµfd. capacitor to the nor- 
mally -off grid of the Delay MV, and 
would have put positive synchronizing 
pips on the rising grid waveform, (d) 
of Figure 4. For taking photographs at 
fast speeds, this procedure is very useful. 

To obtain smooth continuous delay 
when no synchronizing signals are fed 
in, it was necessary to place the circuits 
for the Delay MV in a separate shielded 
compartment, besides cleaning up the 
pulses which trigger the circuit, as pre- 
viously described. As in both the HFMV 

and the LFMV, a peaker is used in the 
right-hand cathode of the Delay MV 
and produces a waveform (f) of Fig. 4. 
This pulse is capacitor -coupled to a nor- 
mally -off tube, resulting in the negative 
pulse (g). This pulse is suitable for 
triggering a synchroscope and when so 
used, varying the delay varies the time 
of the start of the sweep up to 100 µsec. 
with respect to the synchronizing sig- 
nals, so that all portions of a waveform 
may be examined on a fast sweep. 

The service records of this model and 
its predecessor have been exceptionally 
good. Of the twenty four or so units in 
use at the Digital Computer Laboratory 
during the past three years, none have 
needed major repair work. 

Fig. 4. Waveforms of Delay MV. (a) input. (b) normally -off grid, (c) normally -off 

plate. (d) normally -on grid, (e) normally -on plate, (f) cathode. (g) output pulse. 
Sweep length. 20 microsec. Fig. 5. Waveforms of LFMV. (a) plate, (b) grid. (c) 

cathode. (d) after CR5. Sweep of (c) and (d) lids been expanded. Fig. 6. Waveforms 
of Standard Pulse Generator. (a) input, (b) plate, (c) peaker output. (d) standdrd 
pulse. Sweep length. 5 microsec. Fig. 7. Waveforms of HFMV. (a) input, (b) output 
of input amplifier, (c) plate, (d) grid. (e) cathode. Sweep length. 20 microsec. 
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News Briefs 
(Continued from page 25) 

reading under high ambient light con- 
ditions, wide angles, and distance. 

Being available with either a remote 
panel-mouted, four -lamp readout, or 
with a small plug.in neon cluster on the 
decade frame for applications, the size 
of the new unit is 6-1" long, 6-1" 
high, and 1-1" wide, including tubes. 
The decade is equipped with a special 
silver-plated connector, a binary deci- 
mal coding system (1-2-4-8) and is 
available as a separate component or 
incorporated in standard and custom - 
designed counting, timing and comput- 
ing equipments. 

NEW III APPOINTMENT 

Mr. D. Ward Pease, research engi- 
neer for the A. B. Dick Company for 
eighteen years, has been appointed as- 
sistant to the chairman of the electrical 
engineering department at Armour Re- 
search Foundation of Illinois Institute 
of Technology. 

Mr. Pease graduated from the Uni- 
versity of Illinois in 1920 with a degree 
in mechanical engineering, and has spe- 
cialized in the development of technical 
specialty papers and stencil base tissue. 

A native of Chicago, Mr. Pease is the 
author of a monthly column appearing 
in POPULAR PHOTOGRAPHY magazine, 
and is a fellow of the Photographic 
Society of America. 

AMPLIFYING SYSTEM 

A design for an amplifying system 
for use in generating plants was de- 
scribed by S. C. Bartlett, of the Ameri- 
can Gas and Electric Service Corpora- 

' tion, during a power session of the Fall 
General Meeting of the AIEE in Cleve- 
land, Ohio. 

Explaining the fact that modern 
" plants, with the multiplicity of devices i s 

provided to obtain high efficiency, intro- 
duce problems of coordination of all 
personnel, their observations, the read- 
ings of instruments and the orders re- 
garding control and adjustment. He 
further stated that present-day trends 
in plant design are in the direction of 
unit construction, in which case a sep- 

ta arate P.A. system should be provided 
for each unit, readily consolidated at 
one or more points for simultaneous 
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control in the event of any emergency. 
He concluded with the statement that 
by adhering to practical considerations, 
a device may be produced using com- 
mercially available components in cir- 
cuits, obtaining high performance char- 
acteristics at low cost. 

NEW LITERATURE 

Recording Oscillograph 
A highly compact and versatile 5-114 

Recording Oscillograph, multi -chan- 
neled for the analysis and measurement 
of strain, vibration, pressure and accel- 
eration, is the subject of a fully illus- 
trated technical bulletin published by 
Consolidated Engineering Corporation 
of Pasadena, California. 

This instrument records photograph- 
ically up to 18 separate, static or high - 
frequency phenomena simultaneously at 
speeds of 1h" to 115" per -second, re- 
cording timing lines at 1/1000th per - 
second intervals so that each phenom- 
enon can be interpreted in relation to 
others, and in relation to time. 

Copies of this publication may be 
obtained by writing for the CEC Bul- 
letin 1500B, Consolidated Engineering 
Corporation, 300 N. Sierra Madre Villa, 
Pasadena 8, California. 

Electrical Insulation 
Complete descriptive information and 

technical data on tubings and sleevings 
are contained in an 8 -page bulletin is- 
sued by Insulation Manufacturers Cor- 
poration, Chicago, Illinois. Their "Die - 
flex" products are used to insulate leads 
and wires in all types of electrical 
equipment, having cotton, rayon, or 
glass base braids with oleoresinous 
varnish, vinyl resin, or silicone varnish 
treatments. 

Free copies of this Bulletin, No. 
250A, are furnished by Publications 
Department, Insulation Manufacturers 
Corporation, 565 West Washington 
Boulevard, Chicago 6, Illinois. 

Potentiometer Manufacture 
A 38 -page, tri -colored catalogue, com- 

plete with illustrations, has just been 
released by the Helipot Corporation, 
South Pasadena, California, containing 
data tables, comprehensive index, and 
general specifications on wire -wound 
potentiometers and associated products. 

The catalogue describes standard po- 
tentiometers, suggests some of the mod- 
ifications to accommodate special ap- 
plications, theoretical and actual char- 
acteristics of all types of precision lin- 
ear wire -wound pots, and the facilities 
of the Helipot factories in their manu- 
facture of these instruments. 

This catalogue is obtainable by writ- 
ing to Helipot Corporation, 916 Merid- 
ian Avenue, South Pasadena, California. 
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"The Magic of Model M" ... a new trend for TV 

antennas !And Walsco introduces the First antenna 
with chromate -coated Magnesium cross -arms. 

Structural strength is almost equal to steel, and 

yet is 1/3 lighter than aluminum. Once you install, 

that's all! No costly call-backs that eliminate 
your profit. Chromate -coating assures positive 

corrosion resistance. Elements are made of high - 

conductivity, super -strength aluminum alloy, 
reinforced with Swiss "Permalum." Guaranteed 

sturdier, more dependable under severest weather 
conditions. Equipped with famous Walsco "signal 

director" and unbreakable insulator. Same high 

standards of Walsco crystal-clear TV reception. 
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WALSCO 

TV ANTENNA Model M 

WALTER L. SCHOTT CO., 3225 Exposition Place, Los Angeles 18, Calif. Branch: Chicago 6, III. 

Decent her., 19.i 1 

Structural strength 
almost equal to steel 

One-third 
lighter than aluminum 

Chromate -coating for 
positive corrosion resistance. 

AVAILABLE AT PARTS JOBBERS EVERYWHERE 

Model 4090 M -Single Bay - List $ 9.25 

Model 4092 M- Dual Array -List $19.85 

Model 4094 M-4 Bay Stack-List $44.50 

All prices without mast. 

Walsco quality earned its reputation 
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