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Appendix A. Page 8-2. aquation (6) 

Should be 

•oi = Mfim    = PAg. 
^2 

In all equations from equation (6) to the end of the 

- rr*cr interpret (P as being g^n, in other words. ..iuwv« 

instead of being the n'th power of the gain, it should 

be the n'th power of the aaitual conductance. 
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i PURPOSE 

The puroose of this  contact  is the  design,  develop- 

ment and construction of an  iir.pui ,e 3pectru.11 analyzer continuous 

over  the  fre<r;ency  range of  150 i\C to  1  Kilomegacycle,   for use 

in t'n>-» measurement of the  abs  lute  spectral   intensity of very 

short,   separated,   repetitious pulses,     .'<onc by Lynmar to -.ate 

ivould indicate that one possibl- solution of the problem is the 

use of a  series of cascaded an ;  synchronously tuned HLC  shunt 

circuits with vacuum tub*;  isolation  between  stages  (hereinafter 

known  as CAoTAS).     In  order that details  fiven  in this  report 

are  clear to  all,   definitions  of the various  terras used  will 

be  given alonp with  basic   formulae  a/id  references. 

inferences: 

1. 3igna"i   COTDS .pecification 0CL-I4I5 uat^d 12 December 
1952  "ImDul3e  fpectrura Measuring '£quintn»>nt" 

2. ''Impulse roccitation of a Cascade of series Tun* d 
Circuits" by .iamuel   jau.»roff,   Proceedings of I.tt.e.., 
Volume  3?,   '-'0.   12,   .December lOUu 

3. "Frequency Analysis Moaulation and Noise" by ..-oioman 

A. ''Trans format,jon Calculus  a:,;  i.iectrical  Transients" 
by CJoldraan 

A. Imnulse 

"atheaatically  an   impulse i^  a  function of infinite 

height   -.nd  infinitesimal  ^idth  such  that  the   area un;er the 

impulse  ia  some constant.     Jnder thece  conaitions tne value 

for the  area dcos not depend on the  shape of the impulse. 

Practically  a  pulse  nay  be  considered to  be an  impulse  if 
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its tine duration is very much less than the tine of the high 

frequency cut-off of the amplifier to which it is applied. 

(Sv»a reference 1, paragraph 3-2.2 and reference U,  pag« 100-103) 

B. Spectral Intensity 

Spectral intensity mathematically is simply twice the 

area under the volt time impulse curve and for a true impulse 

the spectral intensity is independent of frequency. 

The spectral intensity of an unknown impulse may be 

measured by applying the impulse to a CASTA satisfying the 

approximation as made in reference 2 and noting the paak value 

of the transient, then applying a sine wave at the center 

frequency of the CA3TA with such a magnitude as to make the 

output equal in amplitude to the peak value of the transient. 

If the impulse noise bandwidth for this CASTA is known, the 

SDectral intensity may be calculated by dividing the Impulse 

noise bandwidth (to be defined later) into the oeak value of 

the input sine wave.  (See reference 1, paragraph 3«2.2>, 

reference 3, ?»£• 127 and reference 4, page 101) 

C. Impulse Noise Bandwidth 

The bandwidth as we normally think of it is taken 

quite arbitrarily at the 3 db points either side of the center 

frequency.  For aiiy fiven .iJnpiifier, if an impulse of known 

spectral intensity is applied to the input and the peak 

resDonse determined, the impulse noise bandwidth may be 

calculated by dividing peatt response by the spectral intensity. 

If the constants of the tuned circuit and amplifiers are Known, 
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the impulse noise bandwidth, K, may be calculated from the 

formula: 

K -  (n-l)(n"1} t,-(n-1} 

2BC /n-1 

(See page k-1  for the definition? of the above parameters } 

(See reference 1,  paragraph 3«2.3) 
D. '              flesponse of "n-" Cascaded Series Tuned RLC Circuits 

from Impulse Excitation  

• 

In reference 2, it is shown that there is a definite 

relationship between the amplifier constants, peak output and 

the value of the spectral intensity at the input. Although 

this analysis is for a series tuned circuit,- by the orinciple 

of duality"-it may then be extended without any approximations 

to a shunt tuned circuit. Therefore, all the information as 

given in reference 2 does hold for the case of a series of 

cascaded synchronously tuned shunt RLC circuits with vacuum 

tube isolation between stages. 

• 

^Transients in Linear   Systems by Gardner and  Bsrnes 
pgs 43-49. 
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ABSTRACT 

The Proposed L^Tunar Method for Jetermintng Impulse Strength 

It will be  shown  (Appendix A)  that the impulse 

response of n- cascaded shunt tuned circuits is given approx- 

imately by the  following equation: 

„(t) - 2A0   *L   t(n-l)   £-.t       ,^ (wt)       (i) 

The above parameters are defined on page 4-1• 

If this response is rectified so that the carrier or high 

frequency component is effectively removed then the envelops 

function may be written as 

v„(t) . 2AG      <X t(n-l)    c-xt 
/n-1 ^2> 

In the above equation*the value for RC has been replaced by its 

equivalent in alpha. In searching for some relationship between 

the o.bove equation and some easily measurable characteristic it 

was found that when the envelope function itself was considered 

to be a driving pulse for a succeeding cascaded parallel tuned 

RLC circuit then a simple relationship existed between the 

initiating impulse and the response of this second cascaded set 

of tuned circuits. 

Integrating the time function of the aboye equation 

with respect to "t" from zero to infinity, the following 

relationship is found to result. 

Area = 2AG (3) 

It is evident that the r.h\racteristi.es of ths first set of 

tuned circuits have disappeared and that th« only remaining 
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relationship is that of the originating impulse strength and the 

center frequency gain of the .first amplifier.  In effect an 

impulse in its entirety has been transferred from one time 

domain to another in which the time has been effectively 

stretched. This imposes certain requirements on the second 

amplifier. The most apparent requirement is that the effective 

duration of the outnut of the first set of tuned circuiti; shall be 

very small Kith resoect to the period of the second set of tuned 

circuits. The outcut of the second set of tuned circuits will 

then have the normal form a3 shown in equation (2) above. Normal 

measuring techniques can then be applied to this output in order 

to :etermine tho characteristics of the first initiating pulse. 

The output of the second set of circuits can in turn be 

rectified and tnence appli- d to a third set of circuits in which 

the out ut will also be of tho form shown in equation (2) above. 

Obviously, thi^ cannot be cirriud on inaefinitely Jecause the 

time domain wij.1 become too alow to contain vary  many isolated 

pulses per unit time.  This means that the pulse repetition rate 

icuot be so a 1 Justed '.hat overl"typing will not occur to any 

appreciable uegree. 

there are several specific problems that must be 

investigated in detail, and in fact in  being done at the 

present, before serious construction on the final experimental 

model can be started. 

1.  ftecti.fier Linearity 

'experimental work is being done in an effort 



r 

to determine the requirements for adequate linearity 

in detector response.  It is evident that the accuracy 

of the actual measurement of impulse response will be 

greatly influenced by this rectifier characteristic. 

2.  Pulse Rapatition Rate 

Due to the graatly slowed down time domain that 

results from the scheme as described above, the pulse 

repetition rate and the effect of overlapping pulses 

must be investigated quite thoroughly. This is being 

done both analytically and in the laboratory so 

that limiting requirements might be determined. 

# ) 3«  Peak Value Measurement 

A great deal of work is being done on methods 

for measuring the peak value of the responses of the 

"irious sets of circuits. It has not yet been 
\ 

determined what the best schemes for measuring 

peak response will be. 

t 
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9 An Area Method   for Measuring Impulse St rength 

Upon clo^e study of the  proposed Lynmar method for 

ietermininr  impulse  strf-ngtn  and  examination   ;f the derivation 

of eouation   ^18),   Appendix  A,   another method  for rae ksuring 

impulse  .strength  presented   itself.     Equation  (2),   ADoendix  K, 

shows that  the  integration of the envelope of the  response of 

thfc case ided  circuits  is  rrooortional   iirectly to  impulse 

strength,     instead therefore of fneasuring the peax vs.lue of 

the  resulting- envelope a determination of impulse  strength 

can  be effected  by accurately  'lerfor-nlnp this indicated 

integration.    This  idea has been discussed in some detail at 

i  ~ieetiri?   -rith Jifnii   >rns  enfineer.".     The merit of this 

• scheme  lies  in the  f^ct  that the result is independent of 

the  ch-tracteristics  oi' tne various tuned  circuits  provided 

however  ^r;.it  they  satisfy  the   r^'-.uire-nonta   for the  accuracy 

of e; lit ion  v18),   Apper.oLx  •.. 

Tlir.    -rei of the  envelope  in volt  seconds  will 

ordinarily  be  quite  small,     oince  the  oulses  are  repeated i+- 

is thought that a scheme might  be evolved whereby the repetitious 

nature of th«ae  nulses could  be utilized in an additive  fasnion. 

For  instance,  an electronic  intogr.ttnr could be utilized in such 

a   fashion that  it  integrated   i  predetermined  number of  nulses. 

Thin  eouio.  be   iccoraolished  for example  by means  of a  "reset 

counter with a  rate.    Th" gate then couiu  turn the  integrator 

off   .:; i on   i'or this  oredetermir.ed number of  puiaes. 
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Another scheme for determining the area of the 

envelope of oquation (18), Appendix A, would be simply to 

pianimeter the trace -is 3hown on a scope. This tracs of 

course wouil be  calibrated in terra3 of volts and seconds. 

The Signal  Corps engineers have  been presented 

with a photograph of a CRT trace of the above roentioned 

output.     The trace was planiraetered  md the correlation 

between spectral intensity by this method and th* peak 

:netho.i was within lOi. 

> 



CONFERENCES 

1. A formal conference between Lynmar Kngineers and the 

engineers of the Signal Corps was held at the Signal Corps on 

June 18, 1953.  In this conference the aims and objectives of this 

contract were examined »nd thoroughly discussed. Lynmar Engineers 

presented a proposed scheme for measuring impulse strength and stated 

that a period of time would be necessary for further study of this 

scheme so that its prospective use could be verified. Problems that 

had been encountered in the purchase of equipment were brought up at this 

time with the result that the Signal Corps engineers agreed to investigate 

the possibilities for the loan of some government equipment to Lynmar 

until such time as the procurernent of equipment could be effected. 

2. An informal conference between Lynmar Engineers and engineers 

of the Signal Corps wag held on July 8, 1953.  The Signal Corps were 

very helpful in their suggestions as to possible schemes and methods for 

measuring peak voltages.  Several circuits were discussed and considered 

from the point of view of stability and reliability.  The Signal Corps 

engineers demonstrated various pieces of equipment in their laboratories 

which proved of great interest and showed promise in eventual use for 

measurement purposes. 

3. On 17 August 1953, a conference was held between Lynmar 

engineers and Signal Corps engineers in which Lynmar engineers 
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presented the results of a theoretical investigation of measurement 

techniques that might conceivably simplify the desired end equipment. 

This scheme involved the  integration of the pulse -nvelope thereby, 

at least, theoretically,  eliminating the effects of any intervening 

timed circuitry.     It was deemed of such importance that  it was 

decided to hold another conference to  review trie results of further 

study. 

U* On 25 August 1953,  another conference was held between 

Signal Corps engineers and Lynraar engineers for the  purpose of 

reviewing and discussing the  scheme  for impulse measurement suggested 

by Lynmar engineers in the conference of 17 August  1953.     Both Lynmar 

engineers  »nd the Signal Corps engineers presented the results of their 

investigations and discussions brought  forth the following items. 

a. Detailed investigation of the effect of noise on the 

area method for measuring impvdse strength. 

b. Further study on the results of repeated pulses on the 

accuracy of measurement. 

It was  suggested  by the Signal Corps engineers that the 

area method  for measuring impulse  strength might be of universal 

application nnJ that  some general  formulation might indicate this 

to be true.     It was decided therefore that  further study would be 

given to this suggestion and the results  oreaented at a later date. 

> 
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FACTUAL DATA 

r- 
\ Llat of Symbols 

The following Is a list of symix>is with definitions, 

that will be used throughout this report. 

CASTA   Cascaded and Synchronously Tuned Amplifier of n Stages 

SQ      Spectral Intensity - output from n'th series of CASTA's 
e.g. input to first CASTA is S0 and its output Si 

fQ      Center frequency of a CASTA 

^     2HC 

<Xt     Damping tisc factor for s. CASTA (use for voltage and/or area) 

(o(t)    Incrementally increased damping time factor for a CASTA 
(in most cases 115* <*t) 

Sa^ Envelope area integral-limits 0 to Infinity   = area ratio 
Qmrelope area integral with limits t to infinity   for n stagi 

R %^ Value of area ratio for («.t)" 

^n Envelope maximum ,     =  voltage ratio for n stagus 
(Voltage at any time = t) 

R rn 
value of voltage ratio for (xt) for n stages 

DSQ Derivative of area ratio for n stages 

Dvn Derivative of voltage ratio for n stages 

n Number of tuned circuits 

P Total parallel resistance of tank circuit in ohms 

L Total parallel inductance of tank circuit in henries 

C Total rmr-jtiTo"! car*acitancs of tank circuit in farads 

G Gain at resonant frequency 

gji Mutual conductance 

K Impulse noise bandwidth > -.-< 
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M,C,B Constants 

<( - B B «-AB (in most cased !!!>;* B) 

A Area of impalse (volt-neconds) 

t Tim 

/If *2^*1 (difference between 3 db frequencies) 

Q Quality factor «  *o 

a Attenuation 

Ka^ Marlwuw value of detected envelope of output of a 
CASTA when impulse excited 

T Period of repetition 

CO Resonant angular Telocity, mdians/sec. 

( 

» • - 

The Investigations this Quarter have been directed Primarily 

to Determine the Properties of the Detected Output of a CASTA 

as a Besult of Impulse Excitation. 

The results of these investigations are given in 

some detail in Appendices A to G. A concise discussion of 
t 

the material in the Appendices is given here. 

Appendix A 

"The response of "n" cascaded shunt synchronously 

tuned circuits (CASTA) to an impulse and to repeated impulses.a 

For a Single Impulse 

Equation (id) of this appendix, namely 

- *   A(P        (n-1) -«t sin 

Is tho approximate equation for this response 
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while  AGn  t<

n"1)e-<>a ie the envelope function (2) 
cn2(n-i)i^l 

Photographs of equation (1) are shown in Appendix F,  fig. 

(1) and (2). 

For Repeated Impulses 

The output of a CASTi when excited by repeated iapulses 

,,    Q    r     1 
(n"1) - otrt-(n-l)T] 

n m 1        —' 

where C -     2AGt>o<n 

Appendix B 

"Damping time factor (o<t) for envelope decay" 

In this appendix various formulae are derived from 

which the voltage damping time factor has bees computed for 

different n. The meaning of the voltage damping time factor 

as used here is: that value of oc,t for which the envelope 

has decayed to seme fraction of maxjaam taken as 0.01 

(arbitrarily) for the examples shorn. 

This section represents a purely exploratory 

excursion into the question of overlap from the point of 

view of a usable engineering approximation. 

The fvrnction, Rrn, is shown to be a very rapidly 

varying one with respect to the voltage damping tima factor. 

Comparison of Appendix B and Appendix C reveals that any 
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error baaed on the criterion of Appendix B will be of the 

approximate order of magnitude but that a slightly greater 

degree of latitude nay be employed if the results of 

Appendix C are used. 

Results of Appendix B are tabulated below. 

The general expression for RvQ. Dvn are 

(n-l)<3-l) 

•ftn^ir— *"n« 

i 
! *» = 

*nw *t B 

9.78 4.89 
» 11.7 3-9 

5 13*48 

Append!:  C 1 

n-iKB-Di 

*\ 

i     t    i    ®*' 

100.044 5.6235 11.2470 329   329   159.17 

( 4 11.7  3,9   101.1   4=485  33=455  386=14 381*94 225*747 

101.529 3.876  15.504  439.125 432.512 285.6 

The error in the maximnm value of the envelope from 

repeated impulses is 

Errors **~  r~,        ->-1 Cn-1) [~1 •  <*(m-i)T~| 
mT"2 L    "(n*1) J     £ " " (B"1)T 

Appaarijx D 

"Some information about an area method for measuring 

spectral intensity" 

Equation (7), Appendix D, gives the value of the ar»n 

cf the detected output of a CASTA. Some tentative conclusions 

are given in Section 7. 
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Appendix B 

V • "Damping time factor (cv<t) for area decay" 

Various formulae are developed in this appendix 

from vrhich the area damping time factor has been computed 

for different n. The meaning of the area damping time 

factor as used here is: that value of oct for which the area 

has decayed to some fraction of maximum, taken as 0.01 

(arbitrarily) for the examples shown. 

Froa the rery definition of area it is obvious 

that the area damping time factor will be less than the 

voltage damping tios factor. Thla implies that the repetition 

rate may be hi^ier if an area method 1& used for measuring 

spectral intensity. 

Ha,, « Z    &=± 

»*n-**n 

The general expressions for Ra^, Da,} are 

(«t)(n^)«. Cn-l)(^t)(n-2)»...» /n-4 (OCt) n^(n"1} • /nZT 

f (*t) -r(n-l)(o<t)(n-2^ (n.i)(n.2)(o<t)^-3)  

L L^t)(n"i)* (n-DC^t)^"2)  

.   .      t n-(n-l)        .     --T) 
.... • £v-l c<t • /n-1    / 

.... • k=k (oCt) n-<n~V> * /n-1 j 

Tabulated results of Appendix £ 

»n" 

B'ajj computed 

1 !jl feJL      Ka" frpgcompufd g-\» 

3 8.006 99.531 9.66       274.097       275.39 818.97 

4 10.05 100.36 11.558     310.584       309.47 981.94 

5 11.6 99.682       13.34       341.807       342.899       1124.95 
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CONCLUSIONS 

The work in this period has been of an exploratory 

nature in which detailed analysis has ba<m initiated with 

respect to our problea as stated in Section 1. A definite 

scheme h&s not yet been crystallised, but as a result of 

the work done and work now in progress, it is expected that 

a program of construction will be initiated which will lead 

to a successful end item. 

In Appendices A, B, and C, an analysis of the 

response of a CASTA is made for both single and repeated 

impulses. The error due to the repetitious nature of the 

impulses has been evaluated at the point of maximum voltage 

amplitude and tabulated in Section 10, Appendix C. 

A preliminary study has been initiated for 

measuring the absolute spectral intensity by means of an 

area method as outlined in Section 11, Appendix D. This 

scheme shows great promise providing certain aspects 

of the relation between signal and noise is taken into 

consideration.. Further study both theoretical and in 

the laboratory will be made in order to arrive at a 

proper evaluation of this method. Some of the preliminary 

analysis is described in Section 12, Appendix E. 

?or the purpose of experimental verification 

of theoretical derivations, a CASTA was built in the 

laboratory. This CASTA is described in detail in 

Section IJ Appendix P-, 

>-l 



T*) A number of photographs ware aade of various types 

of CRT traces due to repeated impulses with and without 

overlap. The results and discussion of these traces is 

described in Section 14, Appendix Q. 

\ 
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PBOOBAM FOR NEXT IWT£ir?AL 

The program for next interrol will be to definitely 

crystallise a scheme for fulfilling th» requirements of this 

contract* Full discussion will be held at Signal Corps 

Engineers as to the proper means for accomplishing this end. 
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IDENTIFICATION 0? EEI PERSONNEL 

: 

Edward M. Beeler 

Mr. Beeler, a consultant on this project, was one of the first 

to receive a first class radio operator's license (107) from the 

United States Department of Commerce. Mr. Beeler has been connected 

with some of the largest shipboard radio installations in the 

country numbering among them the ships Manhattan, Washington and 

America. He also outfitted the submarine Natilus for the Sir 

C Hubert Wilkins' expedition. 

During the war Mr. Beeler not only worked in research on 

airborne radar equipment at the Naval Research Laboratory at 

Anacostia, Washington, D. C, but also established radar repair 

shops and a school for radar training at Santa Barbara, California. 

After the end of the war, Mr. Beeler went to work for station 

WPTZ in Philadelphia where he operated their videc audio and link 

transmitters. In 1947 Mr. Beeler began work on master antenna 

distribution systems. It was a* an outgrowth of this work that 

Lynmar Engineers was conceived. 

A real "old timer" in the field of electronics aad electro- 

mechanical devices, Mr. Beeler*s thirty-four years of technical 

experience provides ioneasurabie stature to the staff of this 

project. 
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Dr. Araene N. Lucian, PhD Phyaica. Yale Graduate Schools June 1914 

Dr. Lucian, & consultant en this project, is well known in 

the field of physics, electronics and vacuum tube research.  Dr. 

Lucian holds many patents and is the author of many outstanding 

technical papers. Dr. Lucian's contributions to the art of 

engineering have been invaluable. 

A Professor of Physics at the University of Pennsylvania 

from 1924 to 1941, he also acted as consultant in research to 

many large corporations. Dr. Lucian in January 1943 was a 

regional coordinator for eastern Pennsylvania in charge of the 

Coordinator's Office of the Engineering, Science and Management 

War Training Program of the United States Office of Education. 

A more complete biography was submitted with the letter proposal 

to the Signal Corps. 

Samuel Sabaroff, B.5. in £.?..,  Lreaosl institute of Technology, 1931 
M.S. In r,.L., Moore School, University of 
 Pennsylvania, 1937 ,____ 

Mr, Sabaroff has been for more than twenty years a consultant 

in the field of electrical engineering where the problems have 

required a high order of theoretical!, mathematical and experimental 

knowledge.  Mr. Sabwroff has published vary  extensively in the 

better technical magazines and journals.  A list of some of 

his publications follows: 

"Itadiation of Vertical Antennas", H/9, October, 1935 

"A Voltage Stabilized High-Frequency Crystal Oscillator 
Circuit", I.R.E., May 1937 

"Frequency Controlled Oscillators", Communications, 
February, 1939 
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c: 

"An Ultra-High Frequency Measuring Assembly", I.R.E., March, 1939 

"Feedback Applied to Oscillator Control", Electronics, May, 1940 

"System of Phase and Frequency Modulation",-Communications, 
October, 1940 

"Theory of Frequency Controlled Oscillators", Journal of 
Applied Physics, August, 1940 

"Scanning Theory", J. M. P. E., May, 1941 

"New System of Frequency Modulation", Communications, 
September. 1941 

"Rounded Edge Capacitor Platsa", Electronics, 
October, 1944 

"Impulse Excitation of a Cascade of Series Tuned Circuits", 
I.R.E., December, 1944 

"Link Coupled Coil Design", Communications, August, 1946 

"Technique of Distortion Analysis", Electronics, June, 1948 

Mr. S«baroff is extremely familiar with impulse measurements 

having published on this in the IRS, December, 1944, "Impulse 

Excitation of a Cascade of Series Tuned Circuits" and hating 

beer: previously connected with a contract concerning an 

impulse measurement R.F. amplifier for the United states Army 

Signal Corps Engineering Laboratories, Fort Monmouth, New Jersey. 

The foilcwiiig is a brief list " some of the projects for 

which Mr. Sabaroff has been a consultant. 

Date      Contract No.        Gov't Dept. 

'i'.S    Atomic Energy 1948      AT-40-1GEN5:: 

1948      SC 2818-PH-49      Signal Corps 

1950  N126S-4937(iJ) 

1950  1769 

U. S. Navy 

Brief Description 

Alpha Hand Monitor 

R. F. Coils 

Antenna Couplers 

If. 3. Dept.Agriculture  Antennas 
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Date Contract No.        Gov't Dept. 

1951 22096-PH-51-U   Signal Corps 

1949 2262-ri{-5C-7        Signal Corps 

1951 18172-PH-51-13D Signal. Corpa 

1951 AF28(099)-365      3151st Electronic Group 

1946 11085-PH-48-77    Signal Corps 

1950 15939-PH-50-13    Signal Corps 

1950 19624-PH-51 Signal Corps 

1948 1621-PH-49-2        Signal Corpa 

1947 12702-FH-47-77    Signal Corpa 

1952 54-PH-52-91(1804)    Signal Corpa 

1952   * 3472-PH-52-06      Signal Corpa 

Brief Description 

Switch Assembly 

R.F.  Transformer 

Special Coils 

Filtera 

BC 339 Radio 
Tranamitter 

Special Transmitters 
and Coils 

AN/GHC-26 & AN/MRC-2 
Amplifiers 
Dual Diversities 
Exciters 

A»\'/THC-3 & 4 

CV-31/TRA-7 Dual 
Diveraity Convertmr 

Radio Sst/GRD-3 

Radio Set AfJ/MRQ-2 (  ) 

Chico G. DeCoalsworth, 5.S. in E.E.. Pennsylvania Military Collsgs, 
 June. 1950  

Mr. DsCoatsworth is at present w*H on the way to obtaining a 

•aster's degree at the University of Pennsylvania where he is 

attending the Evening Graduate School.    In addition, he is a 

state license instructor in radio and television theory, service 

and practice and is teaching at Radio Electronics Institute. 

Mr. DeCoatsworth worked in a radar design and development 

laboratory at the Phllco Corporation on    one of the largest 

airborne radar sets for about a year.    For approximately the next 

two years, he worked at  the Frank ford Arsenal as the electrical 

project engineer in charge of the bomb fuse research and 

development program. 7 , 
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APPENDIX A 

Response of "n" Cascaded Shunt Synchronously 

Tuned Circuits (CASTA) to an 

Impulse and to Repeated Impulses 
• wr •: -•in  ••   ."i * I I' •»! I • ••! —II I I Mil   mV- i._».          .     »-l^.....     I.       I.H.JMII 

—T v J _ 
i ; T 

1 / 

4r >   J_i 
Figure 1 

The Norton equivale»it of one stage of a CA3TA is 

shown in figure  1  for which the current equation is  by 

Kirchoff's Law. 

gme«    =    irp    • *c • *L • la (1) 

ir.'e will neglect  iro as being   ^.    (i^ • ic • i^) at all 

frequencies. 

.*.    ^Tg    = iR «   *c * H (2) 

Writing the differential equation i'or the above in teras 

of the out out voltage gives 

Vg=   !2i   •   ££joi   *l      r.oidt (3) 
R at L    J 

We shall assuass constant circuit parameters and iniuial 

conditions at t - o quiescent.  Then 

_d - p :jj and    dt : i : L (4) 
dt ~ P    J^ 

equation (3) k/^ \m VS • m t> 
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* • Cp • _1       p^LH • pL «- ft 
K       pL 

eoi • output voltage of the first tuned circuit 

where now eg will be considered to be A, the Laplace transform 

of the impulse applied to the first tuned circuit and is a 

constant e ;ual to the impulse strength.  Then equation (5) 

becomes 

eoi r   AGpL  =   ApG 

( :   (P*<>O2«-0' 

since g^K - G - Gain 

where 

* =   <*•    J/3 

r=«- & 
<*= l 

2RC 
,     i 

1            1 

LC          4iTC 

CHL «• pi. • R     C(p • / )(p «f~) (6) 

ApG 

For "n" such tuned circuits the outout will be 

eon(p) s   p G A 

Cn(p • *)n(P*f)
n 

S   p'"G""A 

(7) 

which may be written 

A(p)nGn L '    J (8) 
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The inverse Laplacian of the right hana siae of equation (8) is* 

V"1 (n)  Pi    J«^  C9) 
where n >0 and Jn_i is a Bessel function of the first kind. 

Using this and solving for vn(t) results in 

*"=   AC
" . _ 4 ft-v^Pf^(/Stl(1<, 

dn 

where p    has been identified with the oDeration —n 
dt 

and the validity of this may be justified by the initial   vilue 

theorem,   i^ee Theorem 15,  Page 26?, Transients in Linear systems 

by Gardner & Barnes) 

Conversion of the Bessel  Function to  'ircular Functions 

p in equation  (10) may be real,  zero, or imaginary, 
• 

depending on whether the circuits are oscillatory, critically 

damped, or aperiodic.    Only the oscillatory case  for which fa 

is  real will be considered.     The Bossel   function in e uation 

(10) siay be rewritten in terms of circular functions.**    Thus, 

f^^n-i l(*V =    nrr(^t)  cos  </?HL2T ) (n) 

-nQr(£t)  ain  (flt-n If ) 

where n is a positive integer and 

*R.V. Churchill,   "Modem Gperationil i-iatheraatics in rngineerino," 

transform No.   11,   pg 294 and No.   57 Pg.   293. 

**3.A.  ^chelkunoff,   "Klectronngnetic   .aves",   pgs.   51-52. 
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nPr(/*t) =     j>      (-I)T> /"-1 £ 2r (12) 
' KT0  Z2r      /n-2r-l        (2    t)2r 

nQr(/3t) -      §    (-l)r /n»2r  

' '     ^/2r>l    /n-2r-2    (2    t)2r * X (12*> 

nPr and nyr are terminating 3eries,   since for sufficiently large 

values of r, the factorial of a negative integer appears in the 

denominator ind  such a  factorial  is equal to infinity. 

nPr (Bt) and nQr (Bt) may be considered to be the 

amolitudes of "in-phase"  and  "quadrature" comoonents. 

In eouations (12)  and (12a), the highest power of"n" 

that occurs for a given "r" is the difference between the argument 

of the factorial involving "n" in the numerator and tho argument 

of the  factorial involving "n" in the denominator.    Thus,  in 

equation (12),   for a given "r",  the highest power of "n"  is 

(n-l*2r)-(n-2r-l) = 4r which is twice the power of (fit) in the 

denominator, and in equation (12a) the highest power of "n" 

is (n«-2r)-(n-2r-2) c (4r«-2) which again is twice the pcu-cr of 

{& t)  in the denominator. 

In equations (12) and (12a), the passage of time will 

make all  terms negligible compared to the  leading teras.     Therefore 

as a first approximation,  for 

p t   > n7 (13) 

the leading terms in equations (12) and (12a) are 

nPo {fit) ,1 (14) 

nQo (0t) «   -BiBdLL (lu) 
2    t 

Using equations  (11),   (li») and (14a) in equation  (10) 

results in 
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*s 

vn^ -i22__. ^l^"1 £""tco» (At-sJ)   (15) 
c 0   a?   /n-1     dtn I ^ 

-SJBdJ  sin tet -nTT)/ 
2   t y       T ) 2 

The sine and cosine terms in equation (15) can be 

combined into a single cosine function with a modulus and a 

phase an;ie. 

The modulus,  M =   \   1 •    n    ^n"1^ 
2~n 

M 4(   t)2 

The phase angle,fa «     tan"1     n(n-l) 
2/5t 

For <$ small, (the smallness of V will be Justified 

later), and us^ng the binomial expansion as a first approximation, 

M and* Q can be written 

V ' M«l • n2 (n-1)2 

8(/5t)8 

S = tan"1   aistii ^,sin-l n(n-l)    ^cos"1 1- n2(n-l)2 

2/ftt 2/gt 8(/3t)2 

If it is assumed that the circuits are sufficiently' 

oscillatory so as to make c<^,<y5    » the value offh approaches 

the fundamental  angular resonant  frequency of the  circuits, 

which will be called (A),    .    Thus, 

M     J  LC       r*L2 LC 

Equation  (15) may now be written,  approximately, 

v    =     AG^  d" 
„n    n n-1 ,    , . n tit.) 
°        2      /n-1 dt -J"    ; 

f .n-1      -<xtr          n2(n-l)2 . , ^   .(. 
j C. x *    — r^    cos  (COt • V -    ntf   )? 
/ L     8(LMt^ "2"J 
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Assumption of Negligibility of the quadrature Component of the Modulus 

The term n (n-1)  in equation (16) will be called the 
8(wt)z 

quadrature coisuonent of the modulus.  Of interest is the differ- 

entiation in equation (16).  Assume arbitrarily for a moment 

that time t0 has elapsed from t = 0 :;uch that 

n2(n-l)2     1 
—-*—-S- <   (17) 
8(wt0)'     100 

U" 

Then, this term can be neglected since it is small 

compared to one. This results in the simplification of the 

derivative to 

— P-"*"1 e."Xt co3 (** • \  -nTf )1 
dt" U 2 \ 

Relation (17) establishes a certain design criterion 

W for the Q of each stags of the amplifier with "n" single tv&m\ 

circuits. 

when "n" is fixed, relation (17) establishes the number 

of cycles of carrier necessary for (17) to be valid. Thus, 

solving (17) for k>tc> and say n s 5» 

(^t0)
2 X100n2(n-l)2 

' 8 

Wt0 > 70.7 

Let N = number of cycles of carrier, or the number of 

required for 

tQ =    N(2Tf ) 

2 ||   radiins required for (17)  to be  valid,   I.e., 

Then, 
N (21Y)   > 70.7 

N   >    11.3 

say N   ^   12 cycles 
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This means that when n - 5» at least 12 cycles of carrier oust 

elapse before relation (17) is satisfied. 

*vnxvw*iyj    v*    bug    : ruiac    niij^JLO 

A further simplification results if 0 can be considered 

constant when taking successive derivatives of tn£ " 

cos { U>t • jf -nff ). 
2 

It may be seen that as u)t increases, ft   approaches aaro at a 

very slow rate compared to the rats of rise of — t, so that v 

may be considered constant with respect to ^ t as far as the 

differentiation is concerned. 

Tie approximate derivative is now 

_d^r.n-l t  -*t   ,,.. „n 
—-   t   L.    cos (tOt • K)l 

where K =    ft   *   n^f = a constant 
2 

Constancy of the Jbdulus t""1 £ " * t 

The resulting approximate derivative in paragraph U 

above involves combination of products of successive derivatives 

of (t "* £»       ") and cos (cot • K).  It can be shown that the 

amplitude of the first term in the expansion of 

— [t   &    (cos (Ut * K) j , x.e. (t   t   JL COS (UH V K) 
at at 

is large compared to the remainder of the terra:* and therefore, 

a still further simplification results. This amounts to contiider- 

•j*- ing (t " £. "  ) constant with respect to cos (uJt • K) in the 

derivative. 
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This, of course, is the same procedure as is followed 

in the case of a nodulated oarrier. 

The approximate deriT«i.i*« now be cooes 

*  £      J»   cos ( 001 •• K) 
dt 

The amplitude of the n'th derivative of cos (ut • K) 

hich will cancel the t»3 

(16). Hence equation (16) becomes 

 t 

/n-1 cos 

is t«>n, which will cancel the (A)  in denominator of equation 

AGn        n-1 r-*t sin 

-nTh^r  or c*>t • 8> <iS) 

Equation (18) is a sinusoid of varying amplitude. 

The envelope function is 

® v (t) =    AG
0       f K-l C-*t 

The result as obtained in equation (19) for 

equation (7) may have been obtained by applying the calculus    . 

1 

Ap°Gn V<w/ 

of -Residues. 

Consider 

(p^^pfPA" = 6°n(p) 

In this case *on(t) 
AS
 
tne solution in the 

tioie domain in terms of the real variable t from the initial 

integro-differential aquation in tho frequency domain in terms 

of the comnlex variable p. 

Equation (20) has n'th order poles at p r - Q  
an<^ 

p _ •P*'* Following the notation as given in reference 1(a) 

(a) Complex Variable and Operational. Calculus by HoLachlan 
8—8 

(b) Transients in Linear Systems by Gardner and Barnes 



p. 49 paragraoh 3*241. 

Let th-   residue at p -      - v be b,   and p -      - I      be b- 

Then the time solution to equation  (20)  may be obtained by 

b, • b2 = _&£ f^"-1) fgpt * d(n"1} [   a* 

and by consistent* approxiiiations. 

Observe that 1»  the differentiation t is a constant. 

For a finite series of repeated impulses the Laplace 

transform takes the  form of a  finite series 

eg=      A   4-     £-*-l)T    .        1 
mVl [l-   £-PTj 

If this is used to operate on the transfer function 

of a CASTA the following results by the use of the linearity 

theorem 

an(tj =   «£    l"1      P"Gn   E-P(-DT 

(P *^)n(p*r,n 

from which as before by the Calculus of Residues 

pLt-(m~i)xJ; b-,   «• Do -  ^-       AG    J   d 
a^" 1 /n-1   / rf*Cn-l) (p*r)n    J P= -> 

dt^n-x) i_f (!,'•*)"  ~i p= -r 

Her* as bifci-e the quantity [t-(m-l)TJ is constant 

in the differentiation. Therefore if the same approximations 

are made the solution for reoeated pulses will be 

1 
Transients in Linear Systems b. Gardner md Barr.es 
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where 

* (t) r n 

C <9      2X0"^" 

T   , ""7(n-l)      -«wTt-(»-i)T| 
C |t-(a-l)T J £      L J 

'n-1 

•  - 

• 

• 

• 

j ' 
•   . 

•• 

. 
. • 

' 
' 

, 

. 

I 

. 

v 
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APPENDIX B 

The following represents a study of the detected 

envelope function with attention directed to the maximum voltage 

and to the time for the voltage to decrease to eome fraction of 

the maximum for various values of n. 

The approximate expression for the detected output 

voltage of a C*STA of n stages as a function of time, vn (t), is 

vn(t) = C t**-
1) S.-**1 (1) 

2AG cx.n 
where C -  , , 

The maximum value of vn(t) occurs at t =    »n^'    and is equal to 

Now let 

Rvn=   JH|n_   =   C ggjl (3) 

C t(n-x) f** 
and let t =     B (n-1) 

!n-l) 

Tn^lT 

.\   «rB =      CT ^     -(n-1) (4) 

s      B(l-n)     ^(n-1) C B-l] 

Evaluation of B for n s 3 at an arbitrary value of RV3 

Arbitrarily let Rvn z    100 for n - 3 

Then Rv3 = 100 = B^1-11)   ^»-1'   CB"^ (5) 

Let 100 «    £^-n)M 

.*-    -3 =     fi1_n)M =    B^1-*3    £n~l) CW> (6) 
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ft 

Taking the natural lo^-irithm of both 3iiies of thi3 transcendental 

equation we get 

(l-n)M = (l-n)lnB-(l-n)(B-l) 

M - 1 • B - InB s 0 (7) 

Now for Rvo m  100 

InlOO r (l-n)M a 4.60517 and so M - -2.30258 

-3.30258 • P - InF = 0 (8) 

Using Newton's Method^- to Hnproximate the root of this 

equation 

let y = B -InB - 3-30258 * f(B) (9) 

Assume f(B) * f(3.8) - 0 is  -.  solution (a3 a first 

approximat ion) 

By Newton's Method a second   .or.roxinatlon vnll >*»• 

where f (B) is the first derivative of equation (9) 

Now by successive applications of the aoove method we 

arrive at the value D = L.19 

As a check 
Cn-D(B-l) 

^3*        _& =      2392.27^2      m    1Q0.0A 
(n-i) 23.91a =r  (ID 

6 

A 
• 

, 

t =    B   I 2=1 [ - U.A9 JL 

Or cx.1.  r     V.7W 

See p.   2.15 artic3e 130 Elements of Calculus by Granville, 

J-.ith and  Longlcy or any text OJ: Calculus. 
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1 

Similarly for n •« 4 and n s 5 we get 

Rvtt - iOl.l for B s 3.9,     <Xt = 11.? (12) 

Rv5 s 101.529 for B = 3-37,  xt - 13-4* (13) 

It is of interest to see what the increase in Rrn will he 

if      e<t is increased by 15/8. 

Using the general form as given in equation (4) let B be 

increased by 15i which is the same as increasing    «. t by 15/5 

since    &st • B(n-l) 

R,vn«^1.15)C#1-n)   £C»-1)(B-1) (14) 

R*v3 = 329 (15) 
H\ - 386.U (16) 

R'v5 = 439.125 (17) 

Therefore increasing   o. t by 15i has produced: 

for n = 3,    «V[     ^29_     3^ incre,,e'in ^ (18) 
Rv3        100.04 

h' 
for n s 4,    __v4 _ 331.94^ increase in ftv4 (19) 

""4 

for n s 5.    K v5    m    432.>4 increase in Kv5 (20) 

The derivative.  Dvn.  of eauation (4) with respect to B is 

DvRS     6Hvn» =   ^_    (e(n-l)(B-l)    ,><!-»))  (a) 

dB    jn « K ^B 

= (n-D(B-l) 
_§ (n-1)  C6"1) (22) 

Bn 

(n-D(B-l)  (1-n) i(n-l)(B-l)| 

«. but    Rvnr     e(n-lKB-l)    B(i-n) 
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^5 

equation  (22) becomes 

•*.•%    pOlifcUj (23) 

In general n ^> B > 1      for n > 3 

.-.   Dvn   >Hvn      for n   > 3 

Evaluating (23) for n « 3,  4,  5 with th«ir respective B's 

Dv3 - 159.17 (24) 

**4 = 225.7474 (25) 

Jv5 = 285.608 (26) 
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APPEND1X C 

Repeated Pulses 

/ ^*»—wm  • ——— |S 

;_<*   J 

Con«H.-J»r » finite series of dstscted pulses from a 

CA5TA. Since we are interested in the voltage at some time, t, 

we may write th« following summation from the above or from 

Appendix A. 

e .£  0 . (. - DT3 
(n"1) e - "& * <**% 

= 1 

m = 2 

r        ,       ,-7(n-l)    -<*& • (m-1) Ti 
\\ • (m-l)Tj        g 

We are interested  in equation  (i)  ai t in the neighbor- 

hood of    (~STJ 

Kquation (1; becomes 
(n-1) 

t On-1) • (m-l)Tj (2) 

_   ,n-l..(n-l) „-(n-l)T, C    1— , (n-1) -| 

L    ni = 2L (n-D C J 
but   Ean = (DrijCn-D^Cn-l) ^ ^ ^^ 

C =     Em,, 
L        ^^L      7n?T)J * 

- c<lm-i;T 

where   ^       Tl  * ^(m-l)T~j («-D £ -*(m-l)T 
mT2   L        (n-1)    J 

is  th« error for repeated pulses. 
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^7 The above derivation does not take pha.ie angles into 

consideration however,  the maximum error for a tfiven value of 

T will occur *hen the individual voltages are exactly in 

phase, therefore this error expression gives .an approximation 

unJer the worst conditions. 

New we may specify that the error   <  1% or we may 

examine the error for values of   t< t.    It will be more 

enlightening here to compare the error due' to (^Tj's somewhat 

less than the ( oKtJ's riven in Appendix B. 

Q 

m 

.rror - 3^          1 •      (m-? 
* = 2   L     (n-i: 

n _J m Krror 

3 8 2 0.0083866 

3 8 3 0.00O009H535 

3 8 4 60.4 X 10"10 

U 10 2 0.003685? 

k 10 3 0.00000092882 

5 10 2 0.0068128 

5 io 3 0.00000267 

P •   te £ "l(n"1} 9' oc(n~1)T 

L (n-l)     -J C 

M 
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APPENDIX D 

Some Information about an Area Method for 

Measuring Spectral Intensity 

•a<0 

Consider equation (±9), Appendix A, 

2A0J 2i0o£t<*-l>e-** = ct(,Hi) fc"** (I) 

where —— has been replaced by **• 
2BC 

The general area integral ia 

"1 

1-1)£-Kt « where t~ ^   t, 

the tine function nay bs integrated fay parts viz. 

Judr r UT -  / fdu 

(n-1) 
let    u s t 

du - (n-l)t 
(n-2) 

dv=   £_<<tdt 

v - - -Kt 

ex 

Equation (2) becomes by equation (3) 

t(nvl) -oc t 

OC 

(2) 

(3) 

• ^-ft("2)e."*t*   «*) 

Integrating by parts again equation (U)  becoaas 

(n-1) p-«Ct|*^.     (n-2)c-*t*2  W  w  , (n-3K -ott 
=  t   C    f - (n-l)t   £      + An-l)(n-2)t   'g 
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* 
Now we have established the pattern as follows: 

!• 

t(n-l)&-~tdw_e-*t > 1} • (n-Dt(^2) „ 

(n-l)(n-2)t 
T 

(n-3) 
ZJS=I 

.   -t^^^iSrii     , (n-l)(n-2fl 1   * 
k      (cxt)2 (o<tP Jjt 

•ra: 

ki 

we observe that if the limits are t^ • 0 

t2 soO 

*££L (t(,Hl)€.-*t .   2*0 pf  P^l   «   2A0 
^    LSTJ 

(6) 

(7) 

(8) 

At no tis» in this discussion have we considered the validitj 

of equation (1) at fo"1/ > * } °« 

A discussion ox the iapiic&tiou* of equation (9) will be found 

in Section 2. 
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APPENDIX E 

The detected envelope of the output of a CA5TA a3 a 

result of Impulse excitation is given approximately 07: 

,„<t) = y-t'^'e-' t  <*<»-»£ —i (1) 

Tne integral of the ar»*a of thi* curve from t « 0 to t « eo    is 

/vn(t)dt *   /<*<»-*>£  -°^tdt s C/JL±_ _ ^ (2) 

Here it is tacitly assumed that equation (1}  is valid in the 

region       (^)   >   t>0 

The integral of eouation (1)  from t to oO    is 

k(t)dt =    C[i_ «. in=ii3 • (n-l)(n-2)      »..- (3) 
^ l^t     (<*tr OxtP •.... 

(n-l)(n-2, (n-3)... • .(n-(n-2 j[ ,. ^^ 

The interest here is in th.f value of 

 "~  from which a value of (oC t) 

/ v (t)dt 
< '" 

may be derived for jjiy value of Ka^ 

The general form of Ha^ is 

Sa- =       g,**  /"-i (5) *n 
(-t)ln-l^ (n_1)(oa)(n-2), (n.1)(n^)(ott)(n-3)^.. 

• + /n-D   (oU)  n-^'1)  »/n-l 

1.2-1 



& 

§> 

c 

For n • 3    Ita< * 100 (arbitrarily') 6Ta.ii.ion (5) b^co^es 

3    - • <K t 
n 3 - ^5     « 100 {bj 

/       \P «* t 
or (<x t)*- • 2 <* t • 2 -    e. ^ 

5< \J 

?9.5?1 

'..e n.ay use Newton's Method    to evaluate this transcendental 

e-uation,  viz.  assume «, t s 8.4 

(«.t)    .oct-49^    =   8-4 - 2iAi2 s   8.400575 (7) 
f («xt) -728.296  

For practical purposes let    <xt s 8.4 

As a check 

^3 =       2 fc*   -     3894.1336   . 
(<*t)2* 2*t • 2 39.36 

.*.    <x t = 8.4 tor Ra^    • ioo 

Jiailarlv 

Ra4 » 100.36,      t = 10.05 (9) 

iiac fc 99.682.      t a 11.6 (10) 

It is of interest to observe what the change in Ha^  R a-f 

will be when (c<t) is increased by 154,  (<xt) 

Using eouation (5) 

w'a3 r 274.097,  (oct)'-- 9.66 (11) 

R\ = 310^4,   Ut)'« 11.588 (12) 

H'*5 » 3U.8U7,  (<xt)' = 13.34 U3) 

See p. 2i5 article 130 Elements of Calculus by Granville, 

Smith and Lonpley or any text on Calculus. 
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Thus an increase in «.t of 15£ has produced 
i 

R & 
 •*    = 27>.39/t increase in Ha^ 
Rao UA) 

W 

Ra, 

R'a. 

s 309.47* increase in Ra^ 

= 342.899* increase in Ra* 
Ra5 > 

The derivative of R^ with resnect to      ( <x.t) 

% = ^ 
n s K 

O ,    (equation 5) 
Iwt.l 

leads directly to the general form for Jan 

»*n = Ra„((c<t) J(n-lHoct)(n-5^ (n-l)<r.=2>Ut)(n-3) * 

U5) 

U6)' 

(17) 

UO^-V  (n-l)(«^t)(n-5}«. (n-l)(n-2}(*t)(n_V. 

 •  (n-l)(n-2)(n-3)(«*t)(n~4)«.  

 • /n-1  (<*t) n-Cn-i)    „ /n_x 

..  /r. i   f^c- * n-(n-l) • * /n—i vovv,/ 

where :ta    is as givcsn in equation (5). 

~]| (18) 

iy .straightforward confutation we arrive nt the following 

!Jan's evaluated .it th^ir respective  (crft/'s. 

0*3 « 818.97 

Da^ = 981.9M 

I>»5 = 1124.95 

U9) 

U0} 

(21) 
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APPENDIX F 

© 13.7 &C CASTA (DATA) 

c} 

© 

Fo'' the purposes sf experimental verification of 

theoretical derivations, a CASTA was built in the laboratory. 

The response curve is given on page 13-2. Data on this amplifier 

is as follows: 

Tubes - (4) 6AC? amplifiers 

(1) 6J6 cathode follower (50 ohm) 

<3C   =  -~   = 1.098 x io4 

2RC 
n      s      5 (number of tuned circuits) 

Gain =    3.16 X 1C*    (input grid to plate of last aaplifier) 

K      s    (impulse nciise bandwidth) * 2.01 KC (Calculated) 

Q     =     12ifi   . 6.66 •   <b 
2.01 — 

C      -   0.0065 ufd. 

R      =   7K 

L     -   19.4 rah. 

.9 X 10* .   -A. 

fo    = ^ .—i  *    14.16 KC (Calculated) 

f0    =      13.8 KC  (Measured) 

13-1 
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APPENDIX G 

Reproduction of CRT Traces on  thg itesoonse of a CAST A 

to repeated Impulses with and without Overlap 

• 

- 

• 

' 
• 

• 

• 

- 

' 

• 

- - 

• 

The form of aquation (16) Appendix A is shown rjuita 

clearly in figure 1. This figure if a trace of ar impulse 

excited cascade of tuned circuits. The repetition rate has been 

so chosen that the pulse response has iied down to a negligible 

value before the onset of the next exciting impulse. Tie 

exciting pulse occurs at the extreme left hand portion of the 

trace. 

In figure 2, ths repetition rate has been increased 

so that thers is a small asount of overlap before the occurence 

of tha next impulse. 

Figure 3 clearly shows the effect, of overlap.  The 

impulses occur at such a rate that phase opposition takes place 

at the overlap points, thus creating a minimum as indicated. 

In figure 4 however, the pulse repetition rate has 

been adjusted slight!/ so  that nhase addition takes place. 

The trace shown in figure 5 3hows th£ effect of a 

still further increase in repetition rate.  It must be rr.-ne-nbered 

that the exciting impulse takes nlaee at the extreme l«f* hand 

side of the trace md as i3 shown phase opposition occurs in such 

a manner as to create th* minimum indicated. 

In figure 6 however, tne repetition rate has a^ain 

been adjusted slightly so that the pulses overlap in an additive 

p*:a:s. 

li»-l 



0 
II 

:« 
; 
« : 

-   • 

• 
• 

- 
r- 

• 

1 

<       1l 

1 > 
4 

Fis* l Flf,2 

- 

. 

, 

•/-, 

V 

• 

- 
• 

• 

- 

Ml 
ay 

*• In 

Fi«. 3 

V\f 
"Mi 

* k, i • 

Fl«. 4 

O- 

w, 
Pi*> 5 

A   A   A   A  H 
i .    r 

I\      U   \l   \l 
J   v  v v y 

Fig. 6 


	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052

