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PURPOSE 

The purpose of this contract is the design, development 

and construction of an impulse spectrum analyzer continuous over 

the frequency range of 150 KC to 1 kilomsgacycle, for use in the 

measurement of the absolute spectral intensity of very short, 

separated, repetitious pulses. Work by Lynmar to date would indi* 

cate that one possible solution of the problem is the use of a 

series of cascaded and synchronously tuned RLC shunt circuits with 

vacuum tube isolation between stages (hereinafter known as CA3TAS), 
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ABSTRACT 

In the A botnet Section of the First Quarterly report acme 

of the problems involved in the proposed Lynmar method for determi¬ 

ning impulse strength ’./ere discussed. A method for determining 

impulse strength v/ns introduced involving the nsasureinent of the 

envelope area of a CA.^TA responso. It was shorn in a preliminary 

fashion that the area so determined was directly proportional to 

impulse strength. In Appendix B an experimental verification for the 

area scheme is presented and in Appendix C a mathematical Justification 

for this scheme is derived. 

The overall physical equipment is now beginning to crystalize. 

For the present it is intended to utilize the Signal Corps Radio Re¬ 

ceiver Bb-344-D to cover the frequency range of 150 to I5OO KC. The 
- e 

IF frequency in this receiver is 9?.5 F.C and we are now in the process 

of building a CASTA for supplanting the present IF system. It is in¬ 

tended that this CASTA have a bandwidth sufficient to resolve a 

maximum repetition rate of approximately 1000 PP5. if poesible, this 

will be extended to 2000 FFS. 

The Radio Receiver R-27CC/FRR 'will be used for the frequency 

range of 0„54 to 54.0 MC. The IF frequency of this receiver is 455 KC 

and an experimental CASTA has been built for the purpose of confirming 

its use in supplanting the IF system. 

The CASTAS for use in the two radio receivers mentioned above 

are both designed for 5 tuned circuits. The complete description of 
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these two CASTAS will follow in our next quarterly report. 

It la intended that the frequency range of 20 to 200 MC 

will be covered by means of the tuning unit T-l/NF-105 manufactured 

by Empire Devices. The IF frequency of this tuning unit is 10.7 MC. 

We expect to rectify this IF cutout and apply this pulse to either 

the 920> KC CASTA or the U55 KC CASTA depending on the designed rela¬ 

tive band widths c This setup will then be in effect equivalent to 

that described in the First Quarterly Report Abstract. 

For covering the range of 200 to kOO MC it is expected to 

use the tuning unit T-2/NF-105 also manufactured by Empire Devices. 

This tuning unit has an IF frequency of 30 MC. In this case it is 

expected that either of the aforementioned CASTAS will be used and 

in addition it will also be possible to confirm the operation of the 

loier frequency receivers by driving them with the rectified output 

of this unit. 

Ac mentioned earlier Empire Devices is now developing a 

tuning unit for the Sigial Corps covering the range of 400 to 1000 MC, 

Pending delivery of this unit an investigation will be made of the 

possibility of driving one of the low frequency CASTAS by means of 

a simplified tuning unit covering the 400 to 1000 MC range. 
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CONFERENCES 

Some of the conferences held in this report period were 

described in the first quarterly report. For completeness the con¬ 

ferences earlier described will be repeated in this report. 

I* On 17 August 1953 a conference was held between Lynmar 

engineers and Signal Corps engineers in which I^ynnar engineers ore- 

sented 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 envelope thereby, 

at least theoretically, eliminating the effects of any intervening 

tuned circuitry. It was deemed of such importance that it was decided 

to hold another conference to review the results of further study. 

2, On 25 August 1953, another conference was held between 

Signal Corns engineers and Lymmr engineers for the purpose of re¬ 

viving and discussing the scheme for impulse measurement suggested 

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

engineers ana the Signal Cons engineers presented the results of 

their investigations ano dijcunai^ns brought forth the following 

items. 

;io Detailed investigation of the effect of noise on the 

area msthnd for measuring Impulse strength. 

t0 Further study on the result-» of repeated nuises >n the 

accuracy of ne u.u'ement«, 
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3. Severd short conferences were held thereafter in which 

equipment design was discussed. Further theoretical aspects of the 

area scheme for measuring impulse strength were also discussed. 

Equipment requested of the Signal Corps comprised the 

following: 

(a) Signal Corns Radio Receiver bC-344-D. 

(b) Tuning Unit T-i/NF-105, 20-200 ricc Serial /^44. 

(c) Tuning Unit T-2/NF-105, 200-400 me. Seri.ol 565« 

Item (a) above was to be supplied as part of the contract while iteme 

(b) and (c) are to be returned to the Signal Corp^ in kind. It was 

also decided to utilize a tuning, unit now in development covering the 

range of 400 me. to 1000 me. This tuning unit is not yet fblly 

developed but it is anticipated that it «111 be ready for use by 

January 1054. It was decided thit pending deliver;' of this timing 

unit, other Scheines would be investigated for covering this frequency 

range. 

On December 1, 1953 signal Corns engineers made an inspection 

of the progress and plant of Eynnvar engineers. The operation of the 

equipment at hand was aeraonstr.ited and pulse measuring techniques 

based on these demonstrations were uiscussed. 



FACTUAL DATA 

LIST OF SYMBOLS 

will be 

CASTA 

Q 

£ 

En 

X 

K, C 

Y 
y 

n 

S 

L 

C 

G 

«m 

The following is a list of symbols with definitions, that 

used throughout this report, 

CASCADED AND SYNCHRONOUSLY TUNED AMPLIFIER OF n STAGES 

1 
2RC 

Period damping time factor 

Quality factor £o 

/ i_. i 
l£ ¡7? 

Detected envelope of output of a CASTA when impulse excited 

A 

Constants (except where otherwise defined) 

Resonant angular velocity, radians/seconds 

(n-j) 

Number of tuned circuits 

Spectral intensity 

Error in area by considering the approximate solution for 
the impulse response of a CASTA 

Total parallel resistance of tank circuit in ohms (unless 
otherwise defined) 

Total parallel inductance of tank circuit in henries 

Total parallel capacitance of tank circuit in farads(unless 
otherwise defined.) 

Gain at resonant frequency 

Mutual conductance 
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The following is a concise discussion of the material in 

Appendices A to D inclusive* 

f 

Appendix A 

"The response of a n stage CASTA to an impulse." 

Part (a) of this appendix gives the formal Bessel function 

solution for n s 1 to n • 7. This material is exact in the sense that 

no approximations have been made in its derivations. Standard formulas 

for differentiation for Bessel functions were used in this derivation, 

The solutions themselves are tcPlengthy to be repeated here. However, 

they may be observed by turning to pages 3-2 and 6-3» 

In Part (b) the quadrature solution for n - 1 to n s 5 is 

» 

given. These formulas are not exact in the sense that the fomtuias in 

Part (a) are, since the approximation that Y ^has been used 

throughout in order to reduce the formulas to u less cumbersome size. 

Since it would serve no purpose to repeat the formulas in Part (b) they 

are merely being referred to here. They m\y, however, be seen by turning 

to pages 3-4 ind 8-5. 

Appendix B 

"13.7 KC CASTA." 

The material in Appendix B is a continuation of the material 

given in Appendix F and Appendix G in the First Quarterly report. The 

actual purpose of this appendix is to show the electrical form of the 

circuit and more important to give a means of experimental comparison 

between the area method and the peak method of measuring spectral inten¬ 

sity. It is shown in this appendix that the agreement is within approxinately 

5¾. 
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Appendix C 

"Míitherantic Juatification for area méthode" 

The estábiljhment of a criterion for the validity of the 

aporoxlnate response as given in tho First Quarterly Report, Appendix 

A, formula 19, page 8-6, It is shown quite clearly in Appendix C of 

this report by naans of definition in equation (8)and tho results of 

equation (?) that the error is quite snail for easily realizable 

values of Q. For instance, the error for Q equils 11 is of the order 

of 0o5*, 

Appendix D 

"Kiscellaneous derivations0" 

Since we have dealt -with the quantity /to some length in 

this report it was deemed wise here to set it down in terms of a more 

tangible auantity. Formula ? in this appendix gives a value for Y 

equal to ~ veiy closely equal to for Q j>. 10, Equation U3 is 

a combination of equation (7) (just referred to), equation (17) Appendix 

A First Quarterly Report, and information given in Appendix C, page 10- 

2 First Quarterly Report, The relationship given is one that fixes the 

minimum and maximum value of Q for the peak method of neusuring spectral 

intensity when repeated pulses are considered,, 

< Q Z ^ 
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CCNCLÜJIONS 

In this period a physical detendjiation of the required 

components has been tentatively determined. This arrangement has 
% 

been previously described in the Abstract section of this report 

(section 2-1). 

In Appendix A the CASTA response to an impulse for n * 1 

to n s 7 has been completely determined. An attempt uras ofcde to 

find a formal closed relationship for <any value of n, but without 

success. This effort will be continued since it is decried of value 

to find such an expression« 

In Appendix B the circuitry and parts list are given for 

the 13,7 KC CASTA described in the First Quarterly Report. In 

addition an enlarged trace of this CASTA response is snown and was 

utilized for the purpose of corapnrlaon between the area method and 

the peak method of measuring spectral intensity, 

In Appendix C there is sho/n a mathematical justifie »tion 

for the area method of determining impulse spectral intensity. 

Appendix D contains miscellaneous derivations that ap;iear 

from time to tims. 

As yet no clear cut decision haa been made for favoring 

either the peak method or the area method of measurement. Intensive 

work is now being initiated for the purpose of making such a decision 

It may be, however, that either or both methods will be utilised 

depending on the surrounding circumstances« 



PÜ0CR,\M FOR NEXT INTERVAL 

Oui plan for the next Interval will be to definitely crystalize 

and procure the necessary equipnent for satiafying the requirements of 

our contract. To date experimental equipment has been constructed 

without any attempt to utilize Jan parts and components. As far as 

is possible such comronenta will be used in our final experimental 

model of this equipment. 

It ie intended to consult with Signal Corpe engineers as to 

the best means for accomplishing our purpose. In the event, naturally, 

it becomes impossible to procure certain required iteme the Signal Corpe 

will be so advised. 

Theoretical investigation, both confirmitory and experi¬ 

ment a], will continue to take place and new avenues for the purpose of 

this contract will be investigated. This will be done even though these 

new schemes ana methods may not be used in this end equipmenta 
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IDKNTIFIGATIüN OF KKY PK.üONNEL 

Tte personnel working on thij project ai*eî 

Edward M. Beeler 

Dr. Arsene N. Lucian 

Jamuel Sibaroff 

Chico C. DeCoataworth 

A biographical sketch was included in the first quarterly 

report, Section 7, Page 10 

';*r^ 
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APPENDIX A 

RESPONSE OF AN N STAGE CASTA TO AN IMPULSE 

(a) Formal Bessel Function form for "n" equal 1 (one) 

to n equal 7 (seven). 

Consider equation 10, Section 8, page 3 first quarterly 

Report 

V (t) - -r-—. ft"'1* (/t)l (i) 
n rü7 ■K-" L * ¿ n-,rJ 

\ß -jLC 

J 1 (/¿^t) s Besael Function of the firat kind of order 

n” -- 1 4 
(n- ^) and argument (/5t)0 

|(n) * - /n-1 = (n-1) Î 

Let (^t) = X and ^ = V^1 F s (n - ^) 
V 

then 

to . _J'4_ÆL äl pv* jy (x)l (2) 

n 
Ag 

For simplicity let J 3 (x), me K ^ 7* 
y y Cn «y .-J /n-1 

Al-o Observing thit - 

TfUjJ 
dX 

ne no. rrocecd to operate on equation (.?) as irdicated ana arrive at 

t'ie follw-ing l’or v^Ct) far n • 1 to n * 7 



. .. 

v2(t) • z/í.'** |irVjy+(i - xV’^y^j 

i 

v3(t) s “rx ^-y Vj} + (3y2x - 3r)xy“1Jy.11 (5x-3yx2) 

V4(t) = K4U¿-rx jr^Jy^r2 - t(6r2x2 - i2rx-h3) 

xy'2Jy_;) -rí^x2 - 4 ^x3)x^”3Jy_31* xV^Jy.J 

v5(t) = ^-y Vjy -h ür4* - ioy,)xy’1jy_1-f (3oy?x-ioy W 

-15 r)^-2^ +(10 yV - 30Yx? + 15x)xy”3Jy-3 + 

+ {iox3 - 5 YX4)/“^^^ xV’^y^J 

Vé(t) x/¿ ' rx ^6/jy f (15 / 4 - fr5*)**'1^ + (15/ V + 45 Y2 + 

-60r3x)xy“2J r_? t (X)/2x2 - 20y3x3 - 90/X +15)x7“3Jy_3 

+ (!5y2x4 t- 45x2 - 60Yx3)xy_4Jy_4 +(15xh-6n*)x?~*J^ + 

,6vy^».i tx. XJ J 
y-6 

v7(t) , K^7! ‘/x /-rV jy + (7>6x - ax 5)^-^^(135^-105(-^ 

-71>-5x2)/'2J «-Os^v - 210r Jx2 t 315>-2x-105i')xy-3Jj,_3 1- 

t(-35 Y3X4 1- ao r2x3 - 3l5yx2-hl05x)xy“4Jy^ 4-( -05x3 - 105yx4 + 

8-2 
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where 
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(b) Quadrature Solution for n equal 1 (one) to n equal 

5 (five). The following is the quadrature fora for V^(t), V2(t)# 

V3U), V4(t) and Vjit). 

For the sake of simplicity we have neglected terms email 

in gauna, ^^1 has been a premise of this work and therefore this 

attitude represents a consistent point of view. Further, it reiaaves 

sooe of the obscurities that would naturally arise v4ien expressions 

contain a myriad of terme. The absolute equations may be derived from 

the formal Bessel function form with the aid of equations (3) to (8), 
■A 

The order of the approximation will be demonstrated for VjU) which 

we submit as a representative illustration, 

Vl(t) = /jp K/f£ ~ ^ (cos X - ÿ'sin x) exact (9) 

z /lr ~^X /"x(l -Y^) cos x -f-i(lty2) - 2 Yxjj sin xl 
1 L exact (10) 

let 1>>^2 

X JjK coe x -f- (1-2 Yx) 'sin xj -jpproxlmate (11) 

^3(1) ■ fé € ~^x I_(x2-3Yx) cos x -t-(-3ifx2*f 3x-3 S^) sin xj 

approximate (12) 

V^(t) « [(x3+ 12Yx2-}i) cos x -t- (-4yx3+ 6x2 4 

- ?uYx t3) sin xj aporoxinate (13) 

VjU) + 30 Y x3 - ISx^-f- 45 yx) cos x -f- 

‘t (-5 Yx^ 4- 10x3 - I? Yx^ 41 15x - 45 Y) sin x"J approximate (I4) 

V^(t) 

V2(t) = 

3-4 
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Sine« we shall use V^(t) in Appendix C we will rewrite it here in 

another form 

V5 = K/5£ -^X /x® - 40 y'x7 + 70x6 - 1260 )^x5 -h 525x^ + 

-27X rx3 ^ 225x2 - 1350 yx -h 2ü?5 ' ^os (x - ^) J 
virtiere K = rn 

Cn^V/n-l 

) = tan-1 (-Sr^ t 13x3 - I3rx2-p 15x « 45 )0 

(x4+ jOV'x3 - 15x2 -h 45)^x) 

8 



APPENDIX B 

mm 
t % 

13.7KC CASTA 

In the first quarterly progress report Section 13, 

Pages 1 and 2 and Section 14, Pages 1 and 2 the data, frequency 

response and some wave forms with their explanations were given. 

The following pages of this section report give the schematic and 

component values for this CASTA« In addition an enlarged repro¬ 

duction of Figure 2, Appendix G, Section 14 of the first quarterly 

report is being included here for the purpose of comparison be¬ 

tween the area method .and the peak method of measuring spectral 

intensity. The ensuing computations vi.il point out that these 

methods ‘chectc to within a very small degree. 

It may be said here that although great care was taken 

in the reproduction of the cathode ray tube trace so:-» distortion 

nay have been produced in this representation of the original. 

The material in Appendix C, Section 10 gives mathemati¬ 

cal Justification for this area method. This analytical work has 

not been intended to be a rigorous mathematical proof. However, 

it does show within Its limitations that accuracies of the required 

amount irciy be achieved. 
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13.7KC CASTA 

(COMPONENT LIST) 

Component 

^2» ^4» ^61 ^ • 

R9» r11# k12í rH» R13 

*10 

*13» *17» *21» *23 
« 

*1* *2» » *4» *5 

c2> c6» C10> C14» C17 

-1» c3» r'U> C5» C7» c3> c9» 

cn» C12» C13» cl^» J16* C26 

Vi, V ,, v3, v4 

V5 

c20» C22» C24 

^19» ^21» ^¿3» 

*13» *19 

*16 

l20 

24 • 

*23 

R22 
p t- 

E -t- 

V.ilue 

: 33K Í 101 I w 

= 4.7K — 10Í ~ w 
<c 

= 7K ±U 7 w 

- 30^Í3 í I w 

= 220-^-1101 ^ w 
2 

s 19.4 mil (torroidal)i 1^ 

: 9.0069 mfd (40(^)1111 

= 0.3 mfd 600V 

= 6aC7 

: 6J6 

= 4.0 mfd 23OV Electroi/tic 

■ 1.0 h I'd 200 V Paper 

= 22K -t 10Í ^ w 

= 220KÍ-1Í ^ w 

= 24JKÍ10Á I w 

- 150^-110 í I w 

= 1OKllOi - w 

= 100KÍ20Í - w 

- 3OOV 

= 6.3V 
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Experimental Comparison Between the Area Method and the 

Peak Method of Measuring Spectral Intensity 

Figure 2 in this appendix is a reproduction of an actual 

cathode ray tube trace of the response of the 13»7 KC CASTA to an 

impulse. For the purpose of comparison between the two spectral 

intensity measuring techniques we submit the following data and 

arithmetic as a amans for comparative evaluation. 

The envelope that was considered is clearly outlined along 

with the base line and the amplitude peak. The area of this figure 

was planimetered. The length of time under consideration was deter¬ 

mined from the known center frequency of the CASTA and was determined 

more specifically by considering the period for times after the 

maximum - measuring this distance and prorating it back to tQ insuring 

that error would not be accrued at times before the maximum due to 

the fact that the curve does not have a period equal to 2 ^ for time 

cloee to t ■ o. 

It should be pointed out, however, that the actual area was 

taken to be one-half the total area enclosed by the trace and that the 

actual amplitude was taken to be one-half the peak to peak amplitude. 

The data and arithmetic follow. 

Data and Arithmetic 
* 

Arbitrary Conditions 

1 inch ■ 1 volt 

Gain X 1 

2 
By planimeter area « 11.in. 

(1) 



' 

r* 

Tl» . 16.39 Periods of ^ . 16.39 x 1()}J , 1.195 x 10-3 Mc. (2) 

Base length - 3O30" . 1,195 x 10”3 aec. 

. 11,043 in.2 , .,,, , 
Base - 0.33 j[n> = Ln0 

° * Base X tifnB " 1,255 x 1,193 x 10~3 sec* = 1*5 x 10’3 in secs. 

* 1,^ x 10 volt seconds. 

Peak ordinate e ¿.9 in. , 2,9 volts 

(3) 

(4) 

(5) 

(6) 

3 w PeaK ordinate__ 2,9 
Impulse noise bandwidth “ 27oi x lò3 cycles" 

r 1.44i x 10“3 volt seconds. 

By area, 3 * .1.,5 x 10-3 volt secs, 

3y Peak ordinate, S a I.44I x lO’3 volt seconds 

■ 1.441 x 10“3 in.sec, 

(7) 

(9) 

(9) 

Agreement = - 96,1^ 

The correlation between the area method and the peak voltage 

method as determined from the oacillascope trace is better than 

This accuracy was somewhat surprising in view of the difficulties in¬ 

volved in this kind of graphical analysis. It would point up, however, 

to the advisability of further investigation of the area scheme for 

determining impulse strength. A more detailed mathermtical investiga¬ 

tion of the area method was launched and will be described in Appendix C, 

9-6 



APPENDIX Ç 

MATHEMATICAL JUSTIFICATION FOR AREA METHCD 

We shall her® establish a criterion for the validity of 

the aoproximte response of a 5 stage CASTA to an impulse. 

Consider the modulus of V^(t) 

Modulus ■ s K L~rx [T-T^X4^ 10x3 - IJiTx2■+ 1>X - 45302 -h 

+(x!* + 30Yx} - 15X2 + 45yx)2 ' (1) 

r Xi“irx [x8 - 40rx7 70x6 - 1260 ^x5i* 525x4 - 2700yx3-f-225x2 + 

-1350^-r 2025^71 (2) 

This is exact with the exception of terms negligible in sine® 

Apoendix D equation (7) shews that in general ^i0 

Let us assume that 

x^fax^-r hx^tcx-f”d (3) 

is a solution for the square root in (2) 

Dividing (?) by (3) and evaluating the constants we arrive 

a = -20 r , (4) 

b s (35 - ?0-.^2) (5) 

c = (70 y -4000^3) (6) 

,as a first approximation e ;uation (2) is 

X4 - 20 y'x3 t (35 - 200y2) X2 f- (70^ - 4000 x -h..R (7) 

where R = remainder 

more will be said about R later in this appendix 

10-1 



Let error 5 a -z o (8) 

aO 
-r+ 

(>or-fr hx f cx) dx 

Í x'M* 

F.v^uatlon of (¾) Leads directly to 

354-^04 ^ 20^50^ - 4000y 

:-1-- 

^ar -2.08^2 t 13,- 167^6 

Equation (7) Appenalx D 

y' _ 1 
°~ïé~ 2K, 
for w = 10 KÄ1 

(9) 

■ 0O5 

4 a s -¿.08 (.05)2+ 13.75 (.05)^ - 167 (.05)6 

z -2.08 (25xl0-/*) + 13.75 (12xlO-5) - 167 (15.6x10-9) 

z -0652x10’2 +0.165x10-2 -0.261 x lO"5 

; -0.355xl0“2 or aoproxiaately Q,ki error 

It nay be seen from the above that the coefficients of the 

smaller powers of x produce succeeding!/ smaller contributions to the 

error. The remainder term therefore will add but a very small amount 

to this error since its area contribution must be less than any of the t 
terras considered in order for (7) to be valid. However the remainder 

term will be investigated and any oertinent information relating it to 

the worit given here will be tabulated at a later date. 

A comment here about the sign of 4 a ^-8 Ln order - a simple 

plot of equation (3) and Kl“ * x4 for reasonable Y reveals that these 



ffllt 

curves becotae coincident at x ^bTT or approximtely 3 cycles. 

For tines be lore this 

K£ “ equation 2 

Consequently the sign of 4 a should be negative. We are, 
i 

however, only interested in MJ. 
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APPEUDH D 

KIoCLLLVKKOUS DERIVATIONS 

(a) ^ RATIO s y 

In order th'xt we may have .-in approxinute idea of 

the value of K5 we se^ ^ ^0','n t'61'™ 
\ 

of the circuit., 

^ = K(^ 

then -(1- K¿) s 

C (by 'lefinition) a 

y - j - Y? 

4R"C 

or K 1-1 

(1) 

(2) 

(3) 

U) 

(5) 

also from (1) and (2) 

,l yr 
" 2R » C 

• 1 
" ^ = 

(6) 

(7) 

From equations (A) and (5) we may derive some rather uaeful 

idea of the v lue of Q that we must have in order to let/^approach 

UD0 as closely as we desire. 

The value that the ^*^5 ratio taxes for a particular 

value of Ç and K ray be seen from equation (7), 
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(b) CASTA CKSIGIi CHIT£.‘11 ON 

Consider eountion (17) First Quarterly roport 

n^(n-l)^ ^ 1 
sTu^tT)2 ^ 1> !0 

(3) 

which muy be written 

,'.2 
(u; t )'; > K o o' S ft (9) 

Let us assurae that this shall oe v¿ilid at time, tQ s , 

putting UJ0 z 2KQ (where K is identified in equation (1) we get 

I On 7 (10) 
ufpK 

This equation is valid for -iny n st CASTA 

For n ■ ó, X^l we get W79 (11) 

Fro-r. pe ge (10-¿) Ar nendix C First „uarterly report we have 

for n = = 10 for approximately 0.65Í maximum error. 

In general m some number • C 
» 

it 7>c less error .vill exist 

^ r<c more error will exist 

• let<?cT^ 1 

Then 
or Q-C^o 

^ T oc 
(12) 

Obviously the higher value of Q will be required for the lowest 

repetition rate C.1 other parameters constant. 

S ;uation (6) is then a desi^i criterion when the peak method 

of soectrul intensity measurement is used and repeated pulses are con¬ 

sidered. Of cour so the above fails when pulses are considered individually. 

Equations &0 and (13) may be combined vu, 

c (13) 
<- w ±= 2C 

11-,1 

iDn 
4 /7x 



Irmed Services Technical Information HgenC)
will be appreciated.

MfYTTrF* WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER I^TA 
TrfTt^D for any purpose OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED

OPERATION. « ^^VEHNME^
NO RF9PONSIBILITY NOR ANY OBLIGATION WHATSOEVER; AND THE FACT TH
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SS OR ANY OTHER

Reproduced by
DOCUMENT SERVICE CENTER

KNOTT RIIILDING. DAYTON. 2. OHIOUNaASSHTED




