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THE ESTERLINE-ANGUS COMPANY, INC.

Manufacturers of Electrical Instruments
INDIANAPOLIS 6, INDIANA

P. O. Box 596

July 2k, 1958
‘ ATR MATL
MR, GROTE REBER,
Generzal Delivery,
Wailuku,
Maui, HAWAII,

Dear Mr, Rebers:

With reference to yowr letter of July 19, it is true that the damping of our
DC milliammeters does vary to a certain extent with the degree of deflection
across the scals, This is illustrated by attached curve C-L26, which was de-
veloped from actual performance of an instrument under the conditions showne
It will be noted that the cwrves are not completely consistent, which most
likely means that there were minor variations in friction of one kind or an-
other during the test period, or that minor errors were introduced when trans-
ferring the original instrument curves to the tracing from which the prints
were made,

It is believed that since in a recording instrument of the direct writing type
various frictional forces are an appreciable percentage of the deflecting
force, it would be difficult to establish the exact reasons for the change in
damping characteristics at different points on the scale, or to calculate and
predict the exact performance, From curve C-L26 it is apparent that the changes
in performance at different deflections dwerelatively small, and of such magni-
tude that in comparison with the accuracy obtainable from the instrument, they
can probably be ignored,

Attached is a copy of an article by Prof, Graybill titled "Freguency Response
of Recording Instruments" which appeared in the June 1948 issue of ELECTRICAL
ENGINEERING, There is also a copy of an article from the November 1953 issue
of the Sanborn publication THE RIGHT ANGLE regarding the accuracy of oscillo=-
graphic records, While these two articles may not be directly concerned with
your problem, they are closely allied to it, and we hope will prove of inter-
est to yous

Discussions of damping characteristics of indicating instruments will be found
in most text books on elsctrical measurements, such as that found on pages

“The Meter With a Record’'—FOR OVER 50 YEARS



#24

108=115 of EIECTHICAL MEASUREMENTS by Dr. Harris of the National Bureau of
Standards and George Washington University. The book is published by John
Wiley & Sons, Also there is Chapter 3 of the 1952 Edition of Volume I of

EIECTRICAL MEASURING INSTRUMENTS by Drysdale, Jolley & Tagg, published by

Wiley.

One of these references states in effeet - "Since —== friction --- has a
constant value for a given combination of spring and bearing (and presum-
ably pen point on paper) it will be apparent that the effect of friction in
bringing the system to rest is relatively greater for small than for large
changes in deflection."”

Yours very truly,

THE ESTERLINE=-ANGUS CO,., .

ALy
JGsdr James Gall






Fl'cq uency Response ol

Recording Instruments

FIROY D.. GRAYBEA

MEMBER AIEE

common types Instrument

HE DYNAMICS of
movements have been studied a great deal, but in-

formation dealing with this subject has not been available

readily in a form suiteble for application work I'be be-
havior of most instruments can be defined v a second ovder
diﬁl'lcnil.xi Cuuanon l‘l thus casce the Irequeru r"-‘;n,. .

charactenstivs can be expressed in teofis of (e undamgwed

natural frequency and the relauve damping.  Gurves
can be plotted in wrms of these two parameters (o provide
a simple and direct method of predicting the magnitudes
of instrument errors so that one nay decide whether a
particular system is sauslactory for a given application,
and if so by what margin. The frequency of the sig-
nal i3 expressed as a [raction of the undamped naural
frequency of the instmument in order that the rurves be
applicable universally,

The relative damping and undamped natural Irequency
may be obtained by simple test methods based upon a-c
steadv-state or transient response tests, or they may be
computed from the physical chavacterstics of the instru-
ment if suthcicut design data are available. Transient
tesis usually reqguire less complicated testing equipinent,
and for this reason methods based upon Wansient tosts
usually are preierable
frequency and relative damping obitvined by test methods

['he values of undamped natural

are subject to some error from tmiperiections of the instrin-
ment, notably friction between the pen and the chort, as
well as from the limit of accuracy of making measurcments
on chart recends. The
designed properly adjusted instrunwnt, and tive Latter moa

former 3 not serious in a’ well-

be mininnzed by the choice uf a suitable churt spueed

If an instrument is to record acenrately at bigh speed,
it must have 4 high undamped nataral trequency, and it
must be damped properls

quency depends upon the inertia of the instroment mose

The nndamped natoral Jre-

ment and upon the spring constant of the restoring spiing
Once an instrunent s built, there is Littde that can be done
by the user of the mstrument to increase the undamped
natural [requency. The relative damping, on the viher
hand, is usually.to some degree undor his connol
instruments of the D' Arsonval type and some oscillographs
obtain a considerable part of thair damping effect from the
electric circuit in
Thus the relative damping may be changed by changing

Laectric

which the instrument is connected.

the resistance of the electric circuit as seen from the instru-

ment terminals. In other instruments damping is intro-

duced by air vanes or by submerging the clement in oil

In these instances the damping may be changed by adjusting

Digest of paper 48-172, “Froquency Response Characteriatica of Recorfing Iowry-
ments," recommended by the AIER instruments and meamursmenny commiriee snd
approved by the AIEE techaical program commiites (1w prosentanion as the AIFE
Norvih Esstern District meeting, New Haven, Cann., Apcil 25-3), 1948, Schieduled for
publication in AJEE T RANSAL JTUAS, voluime 67, 1143

Troy D. Graybeal Is assistans peofesor of el=ctrical engineeriug st the University of
Califorais, Berkeley, Calif,

532 Graybeal —Recording Instruments

the air vaces or by the use of an oul of different viscosity.

The trequency response of an instrument is critically
dependent upon the relative damping, and for this reason
wincreasing the requency response.  For maximum
response, the damping should be somewhat less than 0.7,
the exact value being determined by the maximum error
that can be permitted in the record obtained. A loss of
fentwoone o nore o ‘requendy response easily can result
from improper dampeing.

It is posable o norease the [requency response of an
fnstrurment bevond that obtainable with optimum damping,
cither be meking modifications in the instrument movement
o increase the undemped natural frequency, or for
D' Arsonval-tvpe movements, by the use of coupling net-
waorks between the coil circuit of the instrument and the
network where the micasurement is to be made. Both
these methods present a greater burden by the instrument on
the network in which the measurement is to be made.
Che upper limie that can be-achieved practically, depends
vpon the maximum permissible coil current that will not
clamiue the coil of the instrument (rom overheating.

At the presert time there are available commercially
coveral types of servo-acruated recorders mostly in the
formy ol sell-baluncing  potentiorneters.  These  instru-
ments require 4 relotely small error signal, of the order
of one per cent to five per cent of full scale, to produce
maximum velocity of the recording pen. The time re-
quared for the pen to move from one end of the chart to
the other under this condition is a standard specification
of such instruments. and can be used for estimating the
musbioud {regquency, or minumum  period, which  the
mstiinent will record accurately.  Curves (based upon
signals on sinuseidal wave form, and neglecting any errors
inteodioed by lags in the servomechanism of the instru-
ment) vy he drawn that show the relationship between
the mnummm period and the peak-to-peak amplitude of
a recorded signal for accurate response of a servo-actuated
instrinnent i terms of time required for full scale movernent
of the recording pen.  As long as the period of the signal
being recorded is not less than that indicated by these
curves, the crror in the record obtiined at any point will
not be greater than the proportional range of the servo-
mechanism  Results obtained from this simplified ap-
proach are suthciently accurate for application work, as
one wisghes to know the order of magnitude of the minimum
period the instruiment will record accurately, rather than
the value of this minimum period to a high degree of ac-
curacy. \When recording irregular wave forms, the funda-
mental [unitation is the maximum rate of change of the
signal being recorded expressed in chart divisions per
second, and not the fact that the signal contains harmonics
as is the case with most other types of instruments.

ELeEcTrICAL ENGINERRING
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K dPlDl‘S Alfeclma Accuracv

of Oscﬂlocrraphlc Records

2. Errors a~ a Funetion of

he previotis ariu fe i B AW LE, '117.’4 !
1954 dlesvpibed 1l class ol errors whieh are a
function of stabie corel bons, and slosed how these
static crrors can e avd Lo they gy b measired
These statie errors do sl e petid on the rate of Chang

rale

e

ol e tha
;Hlll L

of the tput siznal Those wh b de dey
of change dre Known as ta

considered o this artiel:

g e erraes

The charachivisthies af o hoeas recording <y stene can
be conipletely <pecified 3\‘ Hie relitive magratude and
phase of wpnt and output <t Sines

f.h(‘ HIAIL‘:HIlH(l(‘ aned ]ll,l\‘ Vs

wave lest

with ty

,lmh
copiteney o Hhiese

characteristios mus! be given s e of carves oo e
of relative maugnitnde with respect 1o feequeney ol
the curve of |:h:i~r SHITE st b pesprect Lo Fregnency

N‘ |)il\”l“,_ these taw o enrves, 1l i= theopebu alls frieasibily
to )nwlit'l sheael of tone exon iy hiow any complex
wave wonld be distorted This weald oo Ly tiest
analyzing the bupad s mto b couraden? s wavs

components, Then deterinnnuz the corrosponding ol
put sygnad for enchof these sine wave corpponent- from
the arplibvde and plinse carves ol Hhe sestem e P
ﬁnull_\' comtbanige tHese el pod sine wave eon et s |

show the resalling ondprt ~iciad
this procedure s usasdy

I <pite of

For practical applivition:
too unwicldy to be of el vse

possible to stute the reguirements of .hr theoretically
ideal recor lm\- svsieg These are 1 eonstut :1|I\p1|
tude response for all frequencies from 2eto to wfinily.
and 2) « phase SHaft whick o~ eitlor cero for all fre-
guencies, or whiel s propsetional Lo fregnoney. The

slope of the pluse <t enrve cquals the “tme delay™
of the recording sy <tene a terps which wildl be iligstrated
later with respect toothe revoerdme of a poilse type signal

No physically reabizable svsterm can omeet these re

quirements, and the protlene then becomes one of
trving to correlite departure from adead with the
distortion whiell wifl result i a particular recording

Such # carrelation i~ <0l diffivulr to make,

Square Wave or Step Voltage Test

the abilhity
varving
step

Aunother approach to this problem of testine
of a recopling acenrately peproding
guantities 1~ v way of Uhe
voltage

swelem 1o
Sypare wane o
Lresponise

TREY A

*;"il'.\l‘.,' N“.'\'v i

based npon the sdea thit ro
boaHn -L-pr(-.h:(t‘

The step voltaee
physieally realizable n
such a wive form sathout distartion but the degree and
;-’J‘n'f ('. distortion 1= ,([’,'urfrm’ IT \\r” Fae

et iate .f.l

nlwien b wrplit aed shirret werting gloutins
e L el
of thiese Hguees,

TFot u bypuoal ~
Ehe “rue e alvnt sop
Differences hotamsn il -

TR TR BT PAR T

Dyvanamic Conditions in Oscillographic Recordings

alled  that e stcnal couldi’t he
chi~tortedd and thot the svstem performianee
el 1o Iy represenled i ferms ol pair of eurves.

Ul steg cottaiis witlin aself two
which cneamnperss the two extremes of sped
The il rise repre-
senlsinfimte <peed. whiie tae sabsequent step represents
abimolite zero varabio with tooe, It swould seew there-
fore that o study of Lie way inowhieh the rise and step
are pecorded wonb! oo some ciie as o the way in
whieh the rapudiy gl Slosdy carving components of an
actund inpnl <ol bt he recorded.

Wave feet

recording

<iint

frati Loy
Featires
Al s artlion.

HIT ! -|n\\‘|n <= I 3);,

The vncner vy ol e stepos recorded s deseribed

1 terms of three Beore Phese are the Urise time,” the
perovntade of Taver<hioct and the Slope of the recorded
step Follose i Ve vt etse,
"
Aty pical cosprorse taoa slep mpat s shown i Figure

| 'uI e

Foothos flgnre o o0 the renan Ler of Hhos disenssion

Phe rise e woell Tee detined on the basis of the straght
e wlhieh ol elosely sipproxapates the actiad re-
sprotise Lo Lhe sertyal riee \bf o et \“'}).

veed recordine stru-
novinge coil galvanometer, and
of this instrn-
and step

Qe uf the
Alee 1D

Hteres!

ru'zu'ln‘.l‘y\
Aol

Lo exaiihe e tesprotise

vt
tenls
1t s n
mettd s deserbed o
calbage

g e’
Hormes of Lol by stoe wive
best sizialds

Pigvere 2 <hows the fregueney response carve of such

a rnbvarmineter for twa adjustments of ils dnping
L he Teeogn ~ciide s plotted o terios of the ralio of
thie Frequen v to the andiamped madural freguency. of

the nstroment Please note that the curve which
correspond s toothe cedweally damped condition seems
to have o rather restpeted flal response range. In fuet,

if one examines the formula from which the plotb is

ragdar overshoot
y, \
7 > —y
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made, 1t appears that 100, response s oblaned only
at zero cycles, and that the response starts to droop
immediately thereafter. When the nutural frequency i
reached, the sensitivity has fallen to 307, of the
D.C. value.

As the dampuiy s reduced. the range of “Hat™
response 1s increased. If the damping 1s reduced below
a value which s 7197 of “eritical.” the response curve
will actually rise abore the 1000 devel. Further re
duetion in damping will give the response curve a hump
whick grows in magnitnde and shides over towards the
natural frequency In other words the damping cannot
be reduced below the 710, of “eritica) level™ without
raising the reésponse above 106,

Looking at the two curves shown i Figure 2. how
would one rate them on w comparative basis? 1 one
defines frequency e on Che basis of say 907 ¢ resporse
as tolerable performarce. then the 710, damping curve
extends to a frequency of 88 0 of the natural frequency
of the galvanometer. while the entiadly damped enrve
reaches thal response al 33 0 of the natural frequency.
On that basis. ane would reack the conelusion that the
7104 damping curve is twice as good as the critiealls
damped curve. If, on the other hand one were more
generous with the tolerance and dlowed the npper
frequency Lzt to be defined ws the frequency for 507,
response, then the eritically damped curve reaches Yhat
pomt al the andamped natural frequency, whale the
71, curve bolds out to 1.3 times the natural frognency
giving a band width rutio here of 1.3 to one.

As will be <howi later, e sevoud one of thiese conn-
parisons gives a omuch more roalistie apprmsal of the
relative menf< of the tao adpnstinents,

Now et os Jook wf The response of the same aalyva
ometer o step voltaes g seenan Migure o6

10 —
z

——SIMPL.FIED RESPONSE l

71% CRITICA

<5 MR, 0 S T
DAMPING L—CRW'C‘L DAMPING

I .

\

RESPONSE of TALVANOMETER
to

UNIT STEP - T

Tn®UNDAMPED NATURAL PERIOD

PESPONSE
»
\\\

>

2 -—-}—w -
-/ i
/
/ l
1
o o K & .8 1o 1.2 14
t
TIME= T_;
Figure 3.

For the eritically diamped condition, the response to
a step voltage approaches the final vidoe a~cmptolbi-
cally and never exceads it Aoy reduction of the
damping below thai value will allow the response to
exceed the final value momentasiby, nnd, 1 fact, the
eriterion for eribical damping is that « reduction will
allow overshoot AU 7190 of entieall the adjustment
which gave the best looking frequency response curve,
there s a shight overshoot of 47, of the final deflection.

The 7177 curve cun he very closely approximated by
astraight Jine which reaches the final response valiue sl s

PAGE FOUR
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e equal Lo ane fult 1
galv anometer, and this can e | cken as U pee time of
the wstrument. For the criliealo o 4w it s a
little harder to £t a steaight i e dahwn to the
curve, but a reasonable one wil cebd o o time figure
which is st muck greater 1han haldl the alvanometer
periad.

‘|.,‘4.‘,,"”1 weriod of the

Recording Complex Signals

Wheo ciwe s recording o complex signal of arbitrary
wave form, one s dealing with neither s <ine wave nor
a step funetion. Fhe points of greatest inferest in such
s vecord are usually the peaks. or points where the
trace « hanges direction, ‘These points are also the ones
maost difficult for the recording sy <tewn to trace out

\ ~ample of such a wave form i~ shown helow

s seen thot the peaks
and pomts of anflection
fook hke the vertwes of
frinngles. and, i fact, ot
would not require Loo
creal an effort of the un-
aginabion to think of the
wirve as the sum of @ series of tringalar components,
jist as Fourier wnalyzed a wave into a senes of sinus
ordal compouents,

Figure 4.

This brings us to the pomt ofcteadating the response
of o recordmg systen to o el dmpdse.
A trigele can be considered to he the ~um of three

slaping stringht ines s follows

. N
sl
2
= - 53=$ (-2T1)
?' for 122T:
A
i/
i f
7 :
S *‘_ LT \» e s Loy
|a 2T Time
| :
] .
|

K e2=-fh LR R TREE

Figure 5. Straighi line synthesis of isosceles triangle

The response of a recording svstem to a voltage
which s represented by aSloping lne can be ealeulated
and if the response of the system Lo a step voltage can
be approximated by o broken line s shown in Figure
G, the calendabion s simple.

The rezponse to o sloping straght Tine then s s
Sown e Figare 7

U turns ent that the tnne displacement hetween
rpt cnd response s equal Lo one adf the rise tine

INBUT = i
<

i . PSS, o
RISE TIME yA 03 QELAY TTIME

Figure & Figyre 7
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Furthermore  frer time eyuud to the delay tine
the recorder - ki .« exact copy of the sloping
straight line In other words it was the corner which was
distorted, because the corner represented a point of
rapid change of JJope of the input signal.

Now if this ealenlation s carried out for each of the
three sloping lines which makes up the triangle, and the
results are added together the reeorded triangular
pulse is reassembled.

The results are shown in Fignre 5, for a trizugle whose
base width is four times the rise tune of the recording
system.

wl]

T
?E?ﬁONSE |

W | B

0 4 & 12 16 20 24 28 32 36 40 44 48 52 65

AWPLITUDE - PERCENT
B
(=]

Figure 8. Reproduction of triangular impulse by recording system wirth
idealized step function response

It 1s seen that the iput triongolar palse s fairly well
reproduced. but is shifted 1a tinie by won snount equnl
to the “delay time.” The most sertons distortion sk
the triangulir vulse sutfered is a foss w toe wmphitad

As the hase width of the triangular pulse is reducdd,
the loss in amplitude beecies greater, until, when the
base of the triangle beeomes only twice thy mse thne
of the recording system. the recorded pdse hears ol
a slight rezemblance to the orngnad,

If we hinit oneselves to asoseeles tomneular pidses
whose hases are at least Gwive the mse tinie of the
recording svsten, then a simple Formula can be dedueed
which gives the pereentage by sehieh the recorded pilse
misses the true anphtude of the ongmed pulse

SC TR
FERLENY LESE ¢ —————et it
BALSE wiIf"H CF TRIANGLE

Applying this form e to the narrowest triangle
for which 1t 1s valid the ereor is seen to be 25 percet

Furthermore, if the error is to be less thau 170, then
the trizngular pulse mnst be wider than 30 rise times.

Thus, if we are dealing with a recording system whose
rise time is 01 scconds. and whose statie accuraey i
of the order of one percent. then a similar order of
accuraey for dy nawmic conditions will be achieved only
for signals whose rale of change 1s so slow that a time
interval of abont .2 seconds is required for the cgna!
to move from one level 1o wnothier,

These figures are a little pessinestic beeaise the
razor sharp vertex of the triangular test pulse dues not
oceur in actual physical phenomena, but the order of
magnitude of the errors which can he envonntered are
close to those caleulated above

These facts are often not fully realized, wnd the plots
of relatively rapidly varyving gaantities are read to
exireme tolerances simply because the chart happens

NOVEMBER 1953

to be o wide one, or hecanse ~tutic calibrations have

heen made to such close toleranees, even though the

finite response time of the recording system has pro-
vided errors five or ten times as greal as the supposed
accuracy of the measurement

To subimarize this discussion

\. The ability of a recorling sv-tom to properly record
rapidly varying <ignals of comples wave form is
most easily and directly judged 110 terms of the
‘rise tune” of the svstem as measured from the
respotise to a “step” or square wise mput.

B. The contentiond frequency response curve can
vary widely 1 shape with anly <imall differences
appearing in the square wave response,

€ The “delay tune. " whiclhi represents the wterval by
which the recorded trace i~ shifted hadily s equal
to one half the “rise time.”

1y The rate of varwtion of tnput signuls must he quite
slow i orelation to the rise time in order to insure
wood accuracy in the resulting record.

in the nex! issve Dr. Miller will discuss Differenticl Input Circuits.

Effect of Controls
on Position of Stylus

r["!lerv are sy cendbiots wineh cae wleet the position
of the statas on the chart, when wstug the com-
bipation of « Do Splifier Madel 67300 and the
Py Premplifier Muodel 6700,

The hiseline position 1s so inportant o all types of
oscilographie recording, that the function of each
conirol i~ outhned below showiig how it can affect
the hasehne position,

Starhmg al the ontput andworking bae kward towards
the anpul  sigual, these are irefer to Schematios
67406 C1and 67 300-C 1

a. The centering contra! R316. "T'his is supposed to be
the olicial adjpnstment for estabhi<lang the baseline
position  anless the DO preunphifier balancing
control R$25 i< made Lo Bike over this funetion

b. The smooth gain {sensitivity} conircl R315. If there
ix no input to the main DO sanplifiers. and 1f that
amphtier s properly balanced. then there is no
potential difference between the plates of V301, and
this g controi can then be turned without any
motion of the stylus.

c¢. The main DC emplifier balance control, R354, This
is the control nsed to guarantee the equality of
potentials at the plates of V01 Lot ils adjustment
must be wmade with po input to the main DC
amplifier. otherwise it will compensate not only for
iequalities m the V301 circuds, bat also for the
mput signal, To make sure of this, R354 shauld he
adjusted witl the attenuator at OFL,

d. The step attenuator. If thicre 1= no o uput from the

DC preamplilier, no appreciable grid onrrent in the
eried cirenits of V301 and no leakure from high

PAGE FIVE



19th July 1958
General Delivery
Wailuku, ¥Maui, Hawaii

Esterline-Angus Company
P.0. Box 586 ‘

Indianapolis 6, Indiana
Att: Engineering Depariment

Gentlemen:

This letter is an inquiry about the dampin
of your instruments. Assume first, the ocircuit constants
are adjusted to give gritical damping &t full scale
deflection. When *%he current is instantaneously
started (or stopped) the pen moves entirely aoross the
chart and reaches the final deflection without any
overshoot. The pen moves 90% of its total deflection
in time Ty. With the same circuit constants apply only
enough current to give half scale deflection. The pen
moves across half scale without any overshoot. It movee
90% of itetotal deflection in time T which is greater
than Ty. Thus the instrument is overdamped.

Now change the circuit constants eo that the
instrument is just critioall;aggnped for half socale
deflection. Then, without changing the circuit constants,
apply sufficient current to provide full scale deflectionm.
The pen whips across the chart to a few percent beyond
full scale end settles back with perhaps a further small
onoi!mutiqn. Obviously the instrument is now underdamped.

From these obeservations it appears that the damping
of the pen variee with the deflection. Please advise me
what information you have on the subject, or where I
may secure & discuesion in the literature.

Very truly yours,

G e 77{{&1

Grote Reber



QUOTATION

ELectroNic TransrorMER Co., Inc 8564

70 WASHINGTON STREET
BROOKLYN 1, NEW YORK
Telephone: MAin 5-6123

r

TOs

GENERAL DELTY

WAILUKU, MAUI, HAWAIT

MR AROTE RERER
MR. GROTE REEBER
31 /

L

POB, «BIEEIN. NY ..o

O v+ Thian it evessartss smosarsssnensatn
Gentlemen: »
— " 8/9/58 : .
In reply to your inquiry of ..........0L.0 S ceund we are pleased to submit our quotation as follows:
Quantity Type No. Description Unit Price

c 1 f TR RRAOTORO TS S
SATURATING REACTORS L grea
o,m.a, approx. 300 hy. at

onhms

Uy

ter than 1000 hy. at
1i6 ma. D,.C,R 10,000

This Quotation shall be void unless accepred within
costs of material in effect on the date of this quotation.

The prices quoted herein do mot include any sales tax. duties, excise or similar taxes now in effect or which may hereafter be im-
vosed by the Federal or State Government. and made applicable to the mezchandise and/or the sale thercof included in this quotation. AL
such taxes imposed wil! be added as a separate item on the invoice. except upon presentation of proper exemption certificates.

CONDITIONS PRINTED ON THE REVERSE SIDE OF THIS SHEET CONSTITUTE PART OF THIS QUOTATION,

...... e days trom dare hereof. Prices stated herein are based cn rates of wages and
-
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9th t 1958
Gene Dclivox%h
Waliluku, Maui, wail

Burnell & Co., Inc.
10 Pelham Parkway
Pelham damor, New York

Att: Mr. L. SBchwartz

Gentlewsn:

I wish to purchase four saturatiang

reactors with the following performince.

Inductance: Greater than 1000 hry a4t 0.0wa.
Approximately 300 hry at 1.5ma.
Leas thaa 10 hry at 3.3mR

D.C. Resistance: 10,000 ohms

8igze and welght ars no objsct. an open

frame mounting is satisfactory. The oircuit will

have frequency componemnts up %o 100 cyclies., FPerhaps
some kind of a parmalloy core will De n=eded.

Plense advise details givimg size, weighs,
price and delivery schedule of whalever vou sugyest.
If a hundred to ome imductance Tatio is not possible
please indicate what cam be achieved.

Very truly yours,

Ualalte,




;erSh INSTRUMENTS

Division of Clevite Corporation
3405 PERKINS AVENUE * CLEVELAND 14 OHIO = TELEPHONE:ENDICOTT 1-3315

August 28, 1958

Mr. Grote Reber
General Delivery
Wailuku, Maui
HAWAIT

Dear Mr. Reber:

This is in response to your letter of July 19 regarding
damping of our oscillographs.

The effects which you have observed and described in your
letter are due primarily to the friction of the pen on the
chart paper. Most of the damping of our oscillographs is
provided by the coil resistance. This is reflected into
the mechanical vibrating system by virtue of the motion of
the coil in the magnetic field. The mechanical reflection
of this resistance is very linear. Added to this, however,
is the non-linear resistance of the pen tip friction.

It is very difficult to provide gquantitative information
because of the complex nature of the mechanical system,

and particularly the complex nature of the friction element.
The mechanical system is described by Shaper in the March 1946
issue of ELECTRONICS Magazine. There is no simple way of
accounting for the frietion because of its non-linear nature
and the fact that it is strongly influenced by chart veloeity.

Somewhat over & yeer ago we introduced an improved pemmotor

in our full line of oscillographs. This has about 2% times

the stiffness of our older penmotors, and thus greatly reduces
the influence of friction. With the newer equipment properly
adjusted for optimum pen pressure, it is difficult to detect

the variation in damping described in your letter, I am enclosing
some literature on this new equipment.

Very truly yours,

4%3 (:ELL,~1424L~
/ [Je Pe Arndt
Assistant to the General Manager
JPA:js
Encl.

Yo tueloatoe

CLEVITE




1Sth July 1958
General Delivery
Wailuku, Maui, Hawaii

Brueh Electronics Co.
3405 Perxkins A;;znl
Cleveland 14, o]

Att: Engineering Lepariment

Gentlemen;

This letter is an inguiry about the campi
of your instrumenis. Assume {irst, the cirouit constants
are adjusted to give critical damping at fuil scale
deflection. When the ocurremt is instantaneously
siarted or stopped the pen moves entirely across ihe
chart and reaches the final deflection without amny
overshoot. The pen moves YU% of its total aceflection
in time Ty. With the same circuit coms.ants apply only
enough current o give half scale deilectiom. ‘The pen
moves acgross half scale without any overshoot. It moves
80% of its total deflection in time T. which is greater
than Ty. Thus the instrument is overaanpod.

Kow change the circuit constants so that the
instrument is just critically camped for half scale
deflection. Then, without changing the cireuit constants,
apply sufficient current to provide full scale defleoction.
The pen whips across the chart to a few percent beyona
full scale and settles back with perhaps a further small
oscillation. Obviocusly the instrument is now underdamped.

From these observations, it appears that the damping
of the pen varies with the deflectium. Flease advise me
what imformation you have on the subject, or where I
mway secgure a discussion in the literature.

Very truly yours,

-
. 7, /\{}_

. \_,:'l{“ e g
/ Grote Reber



MANUFACTURING RESEARCH &
& SALES DEVELOPMENT

@entaty Electronies & Insteuments, Ine.

1333 NORTH UTICA — PHONE LUTHER 4-7111
TULSA 10, OKLAHOMA. U. S. A,

March 3, 1959

»

Associated University
P.0. Box 2
Creen Bank, W. Va.

Attn: Grote Reber

Dear Sir:

Thank you for your expression of interest in
our instrumentation products. The descriptive
literature you requested is enclosed.

Should you desire additional information after
reviewing this literature, please do not hesitate
to call on us,

We appreciate this opportunity to acquaint you
with Century products and look forward to serving

your instrumentation requirements in the near
future.

Very truly yours,
CENTURY ELECTRONICS & INSTRUMENTS, INC.

D. R. Weichert,
Sales Administrator

Enclosure:
Product:









