APPROVED FOR PUBLI C RELEASE

. oo s cosemon UNCLAS)SIEIED

COPY LADC - 351 8

L R

S ALAMOS NATIONAL LAB!

WAIIEATE

|

- SCAMNED NV 4 § 18

UNCLASSIF4ED

APPROVED FOR PUBLI C RELEASE




]

SCANNED Ny 19996

APPROVED FOR PUBLI C RELEASE
Vol

UNCLASSIFIED

LY RELEASABLE
PUBLICLY RELEASASE . 02993

Per_%ﬂ cic-14 Date: 12390

By

- 593

15

August 2, 1346 . This document contains pageso

AMPLIFIER RESPONSE

WORK DONE BY: REPORT WRITTEN BY:

R. P. Feynman R. P Foynman

Chnsiticaion chanped to UNCLASSIF

L4 uﬂ\nﬂty of the U. & Atomie Eneru Commission,
vl Mnjﬂ ?{/éx{
.

CRrmtme of person making the changs, and dee)

JMITIN

LOS ALAMOS NATL. LAB. LIBS.

Ll

3 9338 00330 4366

UNCLASSIFIED

a



ABOUT THIS REPORT
This document contains one or more images that were scanned from oversize pages (greater than 8.5 inches by 14 inches).  Printing at larger sizes is possible with suitable equipment.

This official electronic version was created by scanning the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



APPROVED FOR PUBLI C RELEASE

2w

UNCLASSIFIED

ABSTRACT:

The response of amplifiers to sharp pulses and step pulses is
studied?for amplifiers with various kinds of attenuation funotions at high
and at low frequencies.
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AMPLIF KK RESPONSE UNC LAS S' FIED

To design sn amplifier to amplify pul:es from a counter sr ioniza¥ion
chamber one must have some idea of the distortion which the pulse will undergo in
passing through the amplifier. Distortion occura because the amotification is nat
the same at all tne fregquencies ouﬁ of which #hu'pulse can be considered to b§ mads
ups In addition there méy be a relative shift in phaﬁe for these different fre-
quencieﬂal' 4 good amplifier has a large region of frequencies over which it is
"flat", that is amplification is nearly independent of frequency. Since we are
only intereasted in distoftion and not abszolute amplificatioa, we shall call the
amplification in this region wnity. For véry high frequencies, and usually for very

1

low frequency, the amplification falle off. “or high frequsncies the amplification

k.
usuelly veries inversely as some power of the frequenoya nanely as &uolu) s he

"logarithm of the amplification falls linearly with the logarithm of the frequeney.
That 1is, the output falls at the rate of 6k decibels per actveve.

The frequency -+ 1is the frequency at which the straight line on the
attennation vs log w plot would intercept the amplification, 1, of the flat fegion
(Pse Figo 1 for example).

¥ost amplifiers also have a low=frequency cutoff, where the ampl ifi-
oation falls, umually directly as a power of thé frequevnoy, (UQ/h?o)k. The
k and «», are analogous but bear no direst refation to the oorresponiing quantities
at the high-frequency end:. In practige th¢ high- and low-frequency cutoffs are
separated by such a long stretoh of flat'reaponse that the effects on tne pul se
shape of these two regiomns cun be clearly distingaished: The highefrequency
response effects the shApa of a sharp pulse, the rate of rise, thes ascuracy with

wnich the pulse is : UNCLASS'F'{’

1. A phase shift wvaring linearly with frequency produces no distortior but only
a delay in the amplifier. "e shall assume such a linear varistio has heen

. subtracted from the phase shift and shall not consider the delay.

2. We shall use throughout the so~-called wungular frequency,w , whish ie 1/2n
times the ususl fragcuanas,
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followed, etco The iowufrequenoy response cetermines the reapdﬁse over long'
timeso 'Afﬁer a short pﬁlse the amplifier does not return immediately to zero,
but drifts slowly back and may overshoot somewhat, eto.

To separate thess sffeots for analysis we shall study two types of
amplifiers. One which has only a high-frequency cutoff, but which is f1a£ for
low frequencies, all the way down to sero (it passes DG). The other kind will be
imagined to ﬁave only a low-freguenoy cutoffy and to pass with unit amplification
all frequencies no matter how‘ltrge (it follows faithfully insﬁantaneous changes) o
The effeoct on a pulse of a real amplifier with both types of ocut off can be studied
by 1magining the pulse to go first through one amplifier with only high outeff, and
the resultant of this then to go through a second amplifier with low cutoff.

Since the amplifier is linear we do not have to find the reaponse to
all different kinds of pulses individually. Suppose we know the responoe o(t)
to an infinitely sharp (and high) ﬁulae. §(t), desoribsbles by Dirac's delta
function. Then, since a pulse of any shape £(t) can be locked at ase the nﬁper-
position of & very large number of infinitely sharp pulses occuring at different
times, the response can be built up from an infinite number of responses, o(t)-

That 1# sinoce

f(t)—f £(t') § (& - t*) dtr = - 1)
the response of the amplifier to £(t} is
[ ]
R(t)-.:f £{t!) Ot « t') ate (
¢

Since O(t) is the response to &' (%),

Of partioular interest also is the response I(t) to a step function
1(t) (which is 0 if £t < 0O and 1 for t > ® - Tnis is often called the indical
admittance. Since tho delte function is the derivative of the step funotiom, 0(t)

is the derivative of I (t):
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o(t) = d/at " 1(t) or, I(t)- ‘St o(i:') dt' I(t)z o for t< 0o (3)
2o :

We have caloulated O(t) end 1(t) for smplifiers with different kinds of high- and
low=frequency cutoffo | |

What is the relation between 0(§) and the amplification and phase shift
of the amplifier es & function of frequency? '.Ff a sine wave of f‘req'uenoy w is
put into the amplifier, we oan imagine that the output has amplitude a (w) times
as much and is shifted by b{(w) in phase, Using the usual complex notation then we

: {ib(w) 1wt
would say that for an input wave eiwt the output wave is a(w)e b )o

?
 UT(2) BN i .
We can ocombine gfw) o into the single complex funotion A{w)-o
If any other wave form £(t) is put into thé amplifier it can be

decomposed into its component sine waves by Fouriers theoreom:

-—

. « : .
f(ﬂ‘j d(w) ¥ dw where 6(w) = (1/2‘t)f°° £(t) 1wt a ()
"1'0" -0

| Bach oomponent wave bn going throﬁgh the amplifier, +then, gets
multiplied by its corresponding amplitude and phase factor A(w). These waves are

then be combined to give the response:

%o it
R(t)= i A (w) Blw) % dw (5)

“o

The delta funotion &(t) has as its fourier transr;)rm simply #(@):: 1/2xn. A1l
frequencies are equally represented, with no relative phase shift. Hence, the

funotion O(t) is given by (5) with f(w) replaced by 1/2n;

. i
o(t) = Fa(w) ot% aw/en )
-0
The funotion I(t) can then be got from (3) or by what amounts to the same thing,
putting 4 (w) = 1/274)° into (5). These results can be summarized in the followe

ing table I

APPROVED FOR PUBLI C RELEASE
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b=
TABLE I
INPUT | | QUTPUT
eiwt A(w) eiwt »
0= Bw) &+t g0 R()e (h(0) Bw) o7 au
-t -0
d (%) o(t)=jj§(u>) elwt g /2n
t
1(t) 1(6)=§ o(e) ate
£(t) | R(t): fg"o(t-tv) p(t') atv
cg )

We can now find 0(t) for various choices of A(w), in eguation (6),
. representing highe and low-frequency cutoffs. Hot any arbitrary choice for the
funotion A(w) can be realized in a real amplifier howevers There sre certain
necessary relations between the pbﬂse shift and freguency. 3 If these relations
. are not satisfied by A(w) the corresponding amp)ifier would have signals at -the
output starting before the input terminale are excited, which is, of course,
impossible for any real amplifier. The conditlon that this does not happen is
that all of the singularities branch points, eto. of the funotion A(co) lie on
the positive imaginary half of thew oomplex planec

One possible fumoction L which satisfies these conditions and which

represents a high-frequency outoff is:

alo) = [!1 - Fra s oofew | (7

When the freguency wsis less than au", it is clear that the absolute magnitude of
A is unity. Therefore, for all W< 2w, the amplification is constant (but the
phase shift varies). Above this frequenmoy the fumotiom is 1" tines a real

funotion. In this reglon the phase shift ia constant, therefore. For very large

i - k ' ]
frequency A{:) behaves as i ke e/ W) ®o that the amplification falls off ////

See "Network Analysis and Fred Bach Amplifier Designo® H.W. Bode 1945

y;
Footnote 3, page 333,

o

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

(but the phase ahift is constant) at the rate of 6k deoibsls per octave. Different
rates of out ofi‘ are obtained by using different values of k. IThe amplification
and phase shift for this function are plotted in Figs. 1 end 2.

If this form for A(w) is put into (6), the integrals can be pera
formed by contour integrations and the result is (Jl':(x) is the k*® order Bessel
Funotion) | | |

o(t) = (K/t) J(2w,t) | (7
This function is plotted for k = 1.0, 105, 2.) (corresponding toi cutoffs of 6,
9 and 12 db/ octave respectively) as heavy lines in Fige 3o The integrated
functions I(t) giving the respons;es to the step‘ function are given in F.‘;go Lo

Another type of response can be |
represented by

Alw)z QFiw/o )™ (8)
Suppose we have an R, C Circult oconsisting of
a simple resistance R.s.nd oapacltance C in
series. The voltage across the capacitance
then be@rl the. ratio 1/(1+ iwRe) to the
voltege across the cirouit. Hence A{w) with
k=1l and-co = 1/Rc is represented by such = '
oircuito. Its response to a delts fumction pulse Equlvalent Circuits, Bg. (B)
is a sulen rise followed by a simple exponential fall. If two suoh KC circuits are
put together, one following the other the response would be given by A(cO ) for
k=2 Although a rraotion#l value of k oannot be represented in this way by RC
olirouits, the resulting A(w) could nevertheleess be roughly the response of sowe

amplifier. The amplification and phase shift for this funotion is given by the

dotted curves of Fige. 1 and 2, If this expression for A{w) is put imto

function O(t) is found to De

APPROVED FOR PUBLI C RELEASE
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8=

X
o(t) = (W ot)

oot (8").
t (k) | ‘

Hore [ (k) is the gamma function of k, which is (k-1) for integral k. This

response curve for k= 1.0, 1.5 and 2.0. is given by the dotted curves of Pige 3o

The response I{t) to a stg';‘) function is given in F,ig. L, dotted curves.

It.is seen that the amplifiers with the funoction (8) are slower %o
respond but less liable to overshoot than are the corresponding amplifiers wi;h
th fupotion (7)o Many real amplifiers will probably have ocurves of ampliﬁcttion
lying between the tw cases (7) and (8). It often is the case, however, ‘bhﬁt th:o
amplification rises a little just before the cutoff sets in. Other forms of Alw )
might be analyzed. The best proocecure would of course be to work out A{w) for
each proposed amplifier, and then get 0(t). The curves-given here should be &
fair guide as bo' what to expect of most amplifiers.

For the lowofrequenoy-cutoff amplifiers, reesonable ourves for A(w)
can be gotten by replacing wy/w by @WAU  (and i by -i) in the expressions for
AQy) for high frequenocys The behavior of amplification snd phase shift sre exactly
similar when plotted against lnw (butare rcversqd high for low frequency) | and will

not be plotted again. ZThe low frequency attenustiod function corresponding to (7) 18:

e — . =k ’ .
Alw) = LJI - wehu? - i“)o/e“j (9)

It gives constant amplificetion sbove w),/2 and constant phase shift below. The

+

integral (6) for 0{t) is more difficult to calculate in this case:

_ +t .
For k=1, O0(t)* §(t) ~w,/2+(w /2 (1/t) g (w,t/2) dt
1

t
Por k=2, O(t)= §(t) -t J (wet/?) + (woot/2) !_1 -J 441 (o t/2) f’ (9
‘ [+

These are plotted &s heavy lines in Figs 5. Their integrals I(t), the rea;:m

a step in plotted in 6. The appearance of the §(t) in 0(t) is due to the thet,
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there being no high-i‘requency cutoff, the sharpest features of the input are
reproduced in the outpute.
The expression for A (u) corresponding to (8), but for lowefrequensy

cutoff is: , :
-k .
Alw)= (1 - 1w°/w) (10)

This can be obtained from k (where k is integral) RC circuite similer to those for
(8) dbut with the role of capacity and
resistance interchanged. The response

0{t) for this case are given for k=1

and 2 by |
For k=1 0(t)= J(t) -0 o~ Wot
For k = 2 O(t)a $(t) -w°(2-w°t) e w°t
(10%) : Equivalent Cirouits, Ege(10)

They are plotted as dotted curvee in Fig. 5. Thejir integrals are plotted in

Fig -> 60
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