




THE ESTERLINE-ANGUS COMPANY, INC. 

:A1atlufacturers oj Electrical Jnstruments 
INDIANAPOLIS 6, INDIANA 

P. O. Box 596 

Ju.q 2L., 1958 
AIR MAIL 

I • G 0 REBER, 
Genera1 Delivery, 
ailuku, 

1 ui, HA: AIl. 

Dear Hr. Reher; 

ith reference to your letter of July 19, it is true that the damping of our 
DC milliammete s does vary to a cartain extent lath the de e of deflection 
ac ass the scale. This is illustrated by attached curve c-L26, ich as de­
veloped from actual erfo mance of an instrument under the conditions shown. 
It "ril1. be noted that the curves are not completely consistent, Y13ich most 
likely means tha t there were mino va .ations in iction of one kind or an­
othor durin the test period or that mino er ors were i.~troduced when trans­
fer in the original· trument curves to the tracin from hich the prints 
lie made. 

It is believed that since in a recordin instrument of t d:i.rect zrit . type 
v ious frictional forces are an appreciable percenta e of the deflectin 
force, it 'TOuld be dif'ficult to establish the xact reasons for the change in 
dampin ch racteristics a"t different points on the scale, or to calcula and 
prediot the exact pe formance. From curve c-!J26 . t is apparmt t at the eha es 
in peri'onnance at diff ent deflections ci. relatively small, and of such ma i­
tude that in oomparison with t 1e accur cy obtainable f om the instrument, they 
can probably be igno ed. 

Attached is a copy of an article by Prof. raybill titled equency (asuonsa 
of Racordin Instr tsll which ppea ed the June 1948 i sue of ELECTRICAL 
ENGD 1! G. Th re is al 0 a copy 0 an article from the ovember 1953 issue 
of the Sanborn ublication THE GET ANGL re£l:arding the accuracy of oscillo­
graphic ecords. While these t a articl s !'My not be iJ.'ectly conce d with 
yo problem, they a closely allied to it, and we hope will prove of inter­
est to you. 

Discussions of dampin characteristics of indicatin instrumnts Till be found 
in most texu books on electrical measurements, such as that ound on p es 

":The :A1eter With a Record" - FOR OVER 50 YEARS 
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'NT by Dr. Harris of the ~ ational Bureau of 
ton Uhiversity. The book is published by Joi 

is Chapter 3 of the 1952 Edition 0 r Vol I 0 

S by Dryadal , Jolley & Tag , publish d by 
\viley. 

one 0 these re e enoes sta~e in effect - I ince -- friction --- has a 
constant value f 'I' a i en c mbinatio of sprin and bearinO' (and prosum­
ably pen po:int on paper) it will e a parent that the effect f friction in 

the system to . st is elat'vely g eate fa small th n for large 
defiection." 

your ve truly, 

chanlZes' 

JG:dr 



RESPONSE OF MODEL AW- D.C.-MILLIAMMETER CALI 
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It is (It,~'dJ''' III II ','asc the frequency response of an 
if, trun "111 1"','C1l1d I ~l1t oblain<tuk with optimum damping, 
"trh r h .. m.,kin· ll1odilications in the instrument movement 
(() i I( n'.',,~ he UII liTlped natural frequency, or for 
rr.\r Oil', I-I,' pOlO 'f ents, by the use of coupling net­
"'UI ·S· bcl\\<:1'1l lhe clJd circuit uf the instrument and the 
fI"['H)rk \\ lttre 'he III 3SUrl'mcnt is to be made. Roth 
hI' ,. l1\1"t II II pr ~ 'nl ,i jTt''ller burde.n by the instrument on 

lit n .'" k III ',11th the meaSllremt"nt is to be made. 
[lll' l\ ',',\'r IInit til I - n be achicved practically, depends 
PuO Ill' I 1, '.il Hill P rmissible coil current that will nUl 

rI,	 'n , .. 'I.. t 11 01 h I.lstrumcnt frum overheatin,;, 
\' the , ,.. I ti' ". there arc available commercially 

,""l,d t, .I'i or ,"r,.,~-;tctuated n:corders mostly in the 
II I 1 <It' "11· J ,I '1 ';1. plltentlnrrJcters, These instru­
Ill' I . r qUIf(', rl',' I ely sma II error signal, of the order 
01 "Ill' rCI VOl I) II per cent or iu!1 scale, to produceI' 

m".'l(inlum v 1J i y of the recording pen, The time re­
'lIOf(' ! f(), til'" (' I to mov flom one ell of the chart to 
I," nttH:r 11111"1' hi-, cU[lditHtf1 is a sta d, rd specilic tion 

(If '1"-:1 i tP1J111 n". nd ciln I used for estimating the 
Dt,l 11.. I: I Ilt:'jlWll \. or rnillitl urn p riod, which the 
II' I I 1"1 t .... ill tlUlId a;(·Ufoll,.[>', .n 'cs .(ba ed upon 

'IlU llidal ... I\T I( nn, and n gl ctin f any errors 
In n I.. .. !." n dll' Sf"lyulI1ccha 1ism of the instru" 
m":lIl' , . t, Iw (1[rl\\ I l at 311(1w t erda ionship between 
lh" :111'111./11111 I 'II KI '3 d eh' cak-to-pcak amplitude of 
n : ,:( I: j"d ~i~I1,d I II '1 'un'lt t"sponse of a. servo-actuated 
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2. C.' 0, a~ a . 11111'1 iun .. ' I 'nan l/' 

l ""hl' I,n" 1"11. :II' I' I. \ III I: I 'II \'" I r. 1111,11.'/ 
/'1.: ( <I, ,-' 1'1111" II,,· ,·1,1. "I ,·rr",. \\ilwh ,,'n .1 

fllllttioll III' -"III' '1111,,11 ;111.1 ,I .1\'" h,,\\ 11"·,,.· 
stat!I' t'frlq' .... ' ''1 ·tt'·~f .11 ,j 1.'1\\ ! 1.,"\ 1I\.1\ L, it11';I ... IIII,rj 

'('\1I"\.o;t· ... /;1111" r ·'It .. till It, t! l pt III! lltl ill' r: tt' llf ( .ln~!·j 

of th.' IIIi'" "'-!'I,,01 '1' "h,' Idl" " .1" 01"", Ild 1111 II ,..,1, 
(If ..f"IlIP" ,I"" 1..1' \\11 ;1- III' ,/,,,./ ",,' "!I":" :, "I , Ii I". 
,'o,hi,!I- ·pd III Ihi. :/1'111,1· 

"I'll,· "II,If'(f('l,·r'I..,IH'''' td' :1 Illlt:,I;" rl"'{lr(rl'~ .',,,, "Ill ~ill1 

lit' "(11'11".'1..].\' 1",,'ili,'" 1,.\ II,,· 1" hi "., 111;1,..1"11 lid,· Hlld 
pha,';l' "I" 11I!,111 "lid ',fllp"l ,ill' '\;'" "'·1 -1':1'''; ",II,·. 
till' 1Ii.1 l.':11 it lid,· "11.1 1,It'I'" \ 'I' ,I I' ,t 11 (""'I 1"1(0' 11, .",' 
"Ilil 1':t('1 tOri .... l i/· ..... III tl .... l I 11 ~l \ t': I ,I'" I I ii I ' (If. Ii r·'.' ..... ;1 II L ' 

or 1"1 "'ti\(, It'\;Il.(lIi, rd.· \':, I, 1', 1""'1 \" I'r, I ".!lI:· ,':'! 
II:.· ,·"r,',' "I' 1,11:1" .llift \ ill! 'I'-I""" I" lit', 11f'1!,,\ 

B·. ILI\ III' ttl" 0' I, ", III' ",' II " :111'/""11, ,til, I'''''j ,j. 

to j"I"I'di('1 ~dl",I" d' lillI' " ., I h 1",\,· 11'\ '"11 II , 
\\'a",' \\0,,11 I" "Ii. 111'1",1 Tlti- ,. 1\,1 t.,· .I, ", 1,\ lil-I 
i:l l:ll.\'zitl· r 111\' 111 j II 1 '1 '11:11 I'll' \ ,( ..; I'j! \11' ,11. 'III -';11" \\ ,I \ I 

('olnlHHIP If -" Il: t II dc'l,' 1:l1llill..: : ~It' 1111 1" ""1'1,lj(Lll~ II I 
Pllt ';I~,J;II I'"'' "", I, "f ,h,·,,' ·,in. ".1 " ,j,"q,,,,,,,,,I, ("" 'I 
t.I1t';Ifll"t" lid, .111.1,.1 .•• , Itl'" .,,1'11' -',"'111 ;11.111"'1 
finall.\· ('Ulll 1l11111" t Ill· ...t· ill" 1111 .... ,tl'· \\,1 '. t· [:It· I . 'i 'III"·' .... I,· 
sflll\\ 1111' ,,·,tlll· t1!.. 11111 i'"11 ·i~'I .. d 

For 1'1';,111,,01 "1 pl".al 11" 11,1- 1'1'" '.Ii1ro' j, '/- 1 i'\ 
lOll Iln\\,j '1.1.\ I" I,,· oi 1I11l,·11 Ih\' Iii ,pll" lIt' I; 1- it : 
IHls"il.l11· 1(, ,1;111' II. r'-qltln'III'-!'! - "I' : I... II". l" 11"1111.' 
ideal ['1'("'1·' Ii" ' .' -1,'111 '·h".t' ,II'" 1 """.111:11 :1111 ,]1 

tud(' 1'\'-1"'11.-" r,,~ ;tll fl'l·'llI{'llI'i,· fr' III /,"111 "III illil,\'. 
aile! -·n;, til,,'!, ,1,1' \\ hi,'1 i-, III "1"1 f·.r ;l I r.·, 
qll('llI'J(',... ,or' \\,1,)1'1 ,- pr"l" 'Ii, II:d I, rrt·,jilt 'h'Y. Tilt' 
';\/11'" of Ih,' ":1.,. _1,,1"1' "llr" "(ll:d- II,,· 'llllll' t1 ..h.v" 
{II' lilt' r"I'"rdill' - ,'.'1.1 ;,1,'1'1' .• I,i'l, .\dllll' ill, .lr.iI,'d 
1<lIn \\ ill, rt ~ i"~ I' t ,II, I'" In" i II ~ III' " f" ii.,' t .\'1 " - i l( /1·,1 

:\0 plt.\' jpdly J ,·:oI'/,doi,· ,\ '\1 lit '1111 111'1'1 1)1\"0 .' 

qllin'llwlll:-, alld till' pr,,' 1"111 II,· I 111"',,,1 ( 'oil" "I' 
tn·ill I,' orrt,'al ••k ','rl"'I' fro'li, .. 1":01 \\It', Ifw 
di:~lurti III \\ hi,,!. \\iI, '·"·,ill ill :1 l':lI'I"'IIl:ir '" ""Iii'i­
~lIl'h )\ "III'n·ltt i. I' ,~ ,I II dilli II t I" III.d... ·. 

Square Wave or tep Voltage T sl 

;\11'1111('[' "fljl'o;t(' I lu \lll~ l,roll"" III of !,t"ti/l" th .. , hill ,. 
,It' a l'l'('(ll'diII' " .,'-"'111 III .'1"(111,1 1'1,\ l"'prodll' ;, ·yip, 
<j1l;'Tlti j 1 1.,1 \. ,\' "I' Ih, "ll.'r' \',1\'," "/' "'P 

.I\t ::i1f( ••.• rt· ..... illlll..,e 

'J Ill' (I'Jl ,,1111.:." 1.,.1 \- 1"",·.1 "1111111 I 1" ,d, I 111:,1 ,,1> 
ph,\'':J('!dly 1'1,,,1,, Ih l

, n. "r,llll~ ." 1'"1 ,n !'('Itl""lrl'l' 
,lIt'!I.1 \\'/1\" f'frlll \\111"" I di~lllrll"t\ 1.,,1 II,., ,I,!,/"r ((,,,I 
',11111 l!( ,/i.~llrll"/I 1,< "1/111/' 'if/Ida (1/'/,or, III It \\ ill I" 

rF, Ii. ',qq .. , ... ,l"rrlo I H ~Wllll " .1 rid l!"I~ '" I' qlH I'" fl.,I"i,I"·!! 

th- '(1."· till., l~ ,II" I ... t Ill-.. I 'I ,I" Ij It" '.,' 1,1 I tW' ,. II .. " IIlIlll"llll·l­

J\itfll I"'Itl,: "pt",'I"U I. I .. ,1 I" I. IIld III ,.l t I,,·... 1 'Ill"' ~, 

~ .onditi HI-- III )",,"llo;:raph il' I{ct,'nrding. 

1"';1 it" iil" Ii" .11l .1:,1',' i"·· .-i':llill """/'/,,., fw 
.1.,1'"'1\',1. illil II., II,· "'I'''l'di:l!! ,\:,,(,'111 lH'rt"l'lllilIlIT 
kill I" I .. rl'prp"('1111 ,1111 II'rlll~ Ill' ;, 1':llr Ill' "I rn·,. 

11,,' .. ",' I II"Ii" I ,·"lli. iii, \\IIIIiII 1I,'('1f hll> 
1" .• 111·.·· ,111.11111'''1111'''- II!>' 1\\0 t',ln'llll" or .pn·d 
;I 1·1 ..do\ 1"'" I ' ,.1 '!l,tI ' .ll'ill! i"ll. TIlt' illlll:t! I'i,,/' r"J!''''' 
_,'Iti. illli"ll!' PI""!. II I"i. ! il\' .-i1I"'·'1lll'lll -I," rt'!ll'C'';('llls 

;,1",,1111,' ,"1'0 ,;,n:tll" \\tllt tllll". it \'111111 '«'Ill tl"r" 
for' t !,ill " ,.11,,1.\' (,r' II." \\:1.\ ill \\'lli,'!' II,.· ri"l' :Inti .;It'p 
.In· 1'1"",1'01,,1\ \\',.'1' _i." -II'lIt' ,';:1<' :,. til rill' V'iI" III 

\1'/11' Ii I Ill' 1"'1 "dl.\ I ,.I .' .... I,\' '. dr.\';"": ('IIIIII,,'II!'III,,; ,',I' :ll! 

.11'1 '1:d i"I'''' ';-:11." 'I ,ill I.. , 1""'1\1'''1'(,1. 

'1'111' 1'1.\':1"'1' II' '\ 1,,- I II.,· ,I, i' I.' 1',"'''1',11''\ :.; dp.I'r·jlwt! 
III • rlll-"~ Ihr,·,· Ii..:, l' 1'1,,'" :Ill' tl!>, "1'1-,. lir't'· ... !ill' 
Ill'," l'llli'~j lit' "11\' r-IIlJ.'; ;l1ld 11'1 .... II,'w lIt' tIp' ITt'lIrd("d 

.\ \ I' 1,,",,·.·. II g' 11, II I·' "'-(', 

. 1"':.1 !"'l" I" ;,,:1 .1,·1' i'li"ll I- -I,,,,, 'I; I 1''i.~lIr,· 
, ',\ I J\\ 

11/11,,- fi..:"'" i1111 1 " tl ... I', 'I'ilil, I>-I:oj" ilil. di"'II~... i"'1 

II ... ,.t· I lilt' \' II I .. , !, i'"'d 'III 1h,' I,,,.:. "I' d.l'.:t raight 
,t(l, \\ il't'b 1IH, .. 1 ,,11""" _1!1!Il'P\'IP:':t'''' t tIc' il('lll;tl :(~­

l'I\II~" I' tli'" \I'['tll ,1'1'-1' "l' II •. 11I,".1 -:\'1'. 

()'I~' of t 1", ,dll'" '''ill/lnn,\ l' .... ,d n't tlrdlll~ Il\~II·lt­I 

" "Ii- ,11,·11 \1"""'0.<1 "()\i;,~,·,,,1 ~"'\"IIl.!tI<'tt'r,l.llld 
tt : .... I f Ildt·I'I· .... ' ~q ('\illldlh' ~i!(' :"~i,\fl\h\' of i Ili~ j l~trll­
I/II'!II ;t, d.· ..., "I , •.1 i'I', 1111' "I' i,.,ll ."". \':1\'(' :<11.1 "t.·p 
tJl1.t~'I· 'f·~t .... '-:;liI .. 

l'i~' ! . ,- .\', : !,,- I r-"'III' II' ,\' IT,';I\""" "111'\" Ill' Slll'h 

,J ~Hh.I~Pllq"11 r fiff' !\\' oldjH-,!lIlt'llt, I)t il .... ,L"UllIrlg' 
I ht, r ll " I, 'I· .. k" ,I"",·" ill t.'IIII' ,f !II\' ratio (.1' 
lll>,' 1'1',·,,11' ,I " I" till' III ,111l'lH'd 11;.1 1/1':.1 I'n''1l)I'lH',' or 
II", i, ... l I'IJ \11'1,1 Pit ,h" Hoi:' t 1,,11 II ... ('Ill' ,\.' ",111I'h 
"')/'I"'"p''' <I- I" II,. ,"iI 11':111,\' ,L"lIp",' 'fin IitlOll "1"'111:; 

t" It: \I' iI ratl"'l r,'-Ir'" "d fLtl r"'I""l;o.<· nl II!.,. In f!lC·1. 

.r fill(' ",.1111''''- ,I'I' /"1'111111" fr"lTI \\ I,i"h lilt, ['!ot I. 
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Illadt" il appear." t.hal 1110' ( I""IJ{JII~" I" ol,Lalllt'd '1/1/./1 
al zero cydes, <tlld Ihal I Iw r('~I'(}fI:,(' "Iarls III drool-' 
Immediately tlwrc'lfl('r. WI1I,'I1 the lied IIral frequt'II('y i, 
reached, til<' 'wll~ili\'il." 11<1" fall"11 I" :iO''; of th ... 
I>.c. "aful'. 

:\5 the' dalllfllll~ i,.. red,I('('/1. Ihe range of "Hal" 
r("spollst' i." ilJ(·ITa~(·d. II' th(' d:lrnpillg i" r('Jnccd below 
a ,'aille whi"h i" -; I,.; of "nil i..al." Ih(' r""pollst' ('llr\'(' 
will ad,lIall," ri~(' "I",,.,· tlll' IflO' r i('\,p!. Fllrllwr !'t. 

d,wli"l1 ill damplllg "ill gi\'(' IIll' [("1'011"(' "111'\'1' a I,unlp 
whi(,I. grow" ill lIlagnit 11.1,· a nd "lid,,", 0''('1' I"wa I'd" tIll' 
Ilalliral fr(''1II(·/lf'.'' III pllwl' "fll'd." 111l' damping "anll"'! 
1)(' ff'du('('t! 1J('I"w III(' ,II, "I' ....,.ili..aJ 1('\,/·1" wilh"n! 
raisillg I itl' r(,~pOlb" a I )(1\1' I O(l'·.~. 

l,o()kill~ at til\' 1\, .. "lin l''' ."ho','I' II' Fic(lIl'l' i, 1,,,,, 
\\'ould Olll' rat,· lill"'lll "Ii :, ""lIlpal':di,,' h':sis' If 011,· 
ddllw" rn', 111l'Il"" I'a II,,:,' '>II lite ha"i" "f. "ay , !H)";, re"pOII-I' 
as 1,,1,'raLIt: ,w,i"'rnl'u,,"', 1111'11 IIII' ~ I', dalnl,il'~ /'Ilr'" 
t'XIt'IHls 10 <I 1'1'1"1'"'11"" "I' tit->' , "I'llit'll;" lind !'rl'qll!'lI",' 
or th .. g-ah'<ll\fllllt'lt'I', whill' IIII' ,'rili,'all:,' dalllJ>t'd {'\In,' 
rClIdll's lhat. [("I"'lh" "I :tl'; "I' I til' 11111 II I'll I frpq1lt'/w.". 

011 111:11 hasi". '.11" \\Illllt! ~.'a,·I, 11,1' "/lIIl'IIlSioll thaI IIi!" 
7)/'.;' da'"l'ill~ "111" (' j" I \\ i,·,· a" g'll,d as tIll' I'ritil·;;:I.\ 
dallllwt! "111'\"1'. If. "II IIII' 011",1' 1,;111.1 1111" '\<'1'/' 11101'" 

gell (" 1'0 II " \\ ill, :,IIf' loll'rall"" ;\,,01 "lIll\'l'd th,· 111'1"'1' 
fr('<jIH·II,·y Ii/nil 10 I,,: ddi,wd a" 1111' fr<"{lII'Il'',\' for :)0', 
N·sl)()I'~('. II ... " t hI' 'Titi,·•.\I..- d,III1I ....1,'lln',' r,'a,·h.,,, I hal 
Pllilll :II 1111' iliidallljwd lI:1tllr,,1 1'1'1''111''11' y. ,d,iI,· Ill" 
71/ f "IIIT/, 1,,,It!, "'11 10 1,:1 t illl<''' \ I", flllllll';,l fr"II''''W','' 

gi\ ill).! (l I)"nd \I idlh ral:" 111'1'" ,d' I .. : I" "11". 
A~ ,,'ill I... -1111\\ II lal"r, ~il\' _.·.·ll".! (,II,' ,,:' lI ... ,,· "11111, 

pari';III\,- g'j,.,.- :t 11,,"·h 111"1'(' 1" ,tli-I il' 'Ij'jli':,i"al ,d' IIIl' 
n'lalin' IIl1'i:!' "I' I Ill" \\\" "djll-I""'''h. 

:'-001' 1<-1 'I' I",.k .<1 I Ill' 1"'''1'''1'_'' "t' I Ill' _:01111' ~';lI, .,,, 
Oll .. ·!,'r I" 'I -1,'1' "oll"e'" a- ,(',", III Fig\lro' ..;, 

I.°r--r--r--r:::r:==::;:~~----;----, 
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Figure J, 

For Ill<' nil i...t1I~' ,L'llll'('d "III,dil illll, ! I... 1'1'''''''"'''' III 
it slt'!' \"(,lla.,-,"l· "Jlpr"'lI'II~·" lh, lillal ":tl,,(' ;","IIII:I,oIi­

I'all" al"l Ill" ,,1' "),"""d" it \,.\" I'!'dll.-( llln "I' ! ill' 
da';ll'ing hl'lo\\- t J..tl 'allll' \\ ill ai!o\\ I h,' I't'" I 'I 011'" to 
('),('('('.1 'hl' finHI ";II,it' 1I101l11·I:I"ril,·. itl"!. ill L" I. rljl' 
criterion for 'Tit .... .1 dall,pill).! i, 11;;lt it n·t!IJ('t inn \lill 
allow m"r"I";/ll \1 ~ II ~. of "ril j..:tl, tl,,· .ldjll-IIlII·11I 

",hid, ga'T 1111' 1... -' Ilhlkill)! 1'1'1''1'11'11'',\' rt'''POI]".,1' .. lin ", 
11,('[(' i~ r1,;liglt! 0"'1""1,,,01 III' .j.1 , "t' II", fill'!! ddh·l'! j"n. 

Tlj(' 'j II; "lIrn' ":111 1)(' \·N." ,·In''.·I.'' ;ll'l'ro\,illlail'd h.v 
it ."1 raighl IiI\(' whi,·l, !'l"Il'!t( •." I I,,· limtl 1""'l'flll.,," \"tI'll' : ii, 1/ 
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11111" "'1'11/1 10 fill(' iI,iI' I Ii, II lid '1011" d "'1'1' II ,,1' 
gah ;'1I01lI('t('I', and tlli" ,'a" 1" i .' I'll 11- I .f r'",' r inH~ 

tlit'ill,;,(nln1 :'111 For Ih~' ('rrll' .. 11 •. ; t -", iii: 
littl/-' hard.... 10 Ft a ~Ir;li dl ,I.'!,' .J.I I III t" t h 
('un'e, hut a reil~(lnai.I,' 1>11 ' I''':! • "'\" " • liwl' .!ur 
which is ""I 1',,(('1, !In',IIN I I.' It.li III' "h'allllllwt r 
IWri(,d. 

Recording Comple Signah; 

\\'Ii,'" ,.;\1' ,- r"{'''ld",~ :1 "oIl1plt ...i~lIa of "r1l1tr:tr~ 
w:t\'l' I'llI'm, Olll' I~ (It-aliltl! ,il h rWII lip-I" il -II " 1\·a·e '''I 
" ~l('p fill"'\ i,lI!. I Ill' ,·"inl" 0 ~(':, !'_~I illl< t:": ill .II(;U 
:0 n'; "I'd art' Ibllally till I' -ak, "I I (Ii I ~ ",ltn(' the 
1.1':1(',· ,1:;oll;!C'," dirt:l'lill!l .. '1"",· pc i II" an' "I,,, lit Illlf''' 

IIln,~ d;lJi,',dl f,.r tIll' r('(·"rdlll:.! .' ,kin lp Int<·p 01 

\ ':oUlp!(' Ill' ~Il,:h ;; \Ian 1',,, II i- -II"" II h(,lul\' 

It " "<'I'll II, II lilt' [Ira k" 
:llld )lOlllt," "I' Itdl('I'llflll 

!""k hi... · lilt' \"('IIIf'('~ or 
I ri:lllgl,·". alld. ill fad, it 
wOllld Ii,il rl'quir.· lo" 
,-,"1'\' a 1 :III dforl of I ilt' lin, 

fi9~fe 4. 
:q,(illllllllli lIlt billk (If tLe 
\\";1\'.' ;1:-- tilt: ',,\Irll of a seri~" t,f trt,lHgidar ,'j'iilpUJ!C'U(:.• 

jll'" :0- Flluri"r :tr"t1yzt'd ,1 ,\':l\ ,. irill> " "ri,·,.. 1)1' ~,illil" 

"idltl '·'>llIpOllt'f1I-. 

Tltl- l.ri"c:,,, II' Ifl tlo(' l"JIIi' ,,',; 1"ltlali •• '-.: It,,· r"'I'I)'\s(' 
"I' :1 rt't·'.Ird1n,..: .... .'" .... It·lIl !n ;, I rt>ll.~·~;j;tr iiliil\/~ ,e', 

\ Il'i""glt· (':111 I", '''Il-i,i,'r,·,i too 1,1' till' '1;/'1 'If tit!' ..., 
-i"I'IIIU ',II""Uhl iill'- in!I",..·" 

. E' 
o 
o 

o 
:> 

-; o!l3:~,'1.2:~) 
fOf 1) 2 T. 

T, ,-----­
T m 

,., 

'l'h" I'\·.-P'>I'S" "1' ;I n't·"nlill~' ',",,1"111 10 :I 'fllLlg" 
\I lii,'l, i~ 1'('1'1"""'111 ... 11 •.\ a "I"pill/! Iii\(' ','all 1'1' ,', It-1I1: ('d: 
:I lid if lilt' ... ·"1"'11"1' (It I Itt' :,\ ",I {'III I" a sf!'!> \'(lI\;I~(' 'all 
1)(' a pl'r,,;-.illlal I'tl "..- :0 I.ruk'll lillI' a" ,,!town ill Fig-Ilff' 

t', lh(' ",,\<-nlal.iHII I' -illli'k. 

'1'1:,., n,,:p/lH~" I" :I "l()pill~ ,11':1)<'1\ IiIit' I Ill' 1 j" ." 
,\;,,1\ II ill Fi gil l'l' I 

II 11Il'l1.- 0111 11,;tl 'I<e I ilill' di 1'1:I''('lIll'lIt 1,,·t\\I'('1I 
"Ii'lil :II"! 1'1'''1",11-'' j, "'Ilial 11.111\" 1,,,11' I IIf' Ii ',' 11111(' 

~-- ".,., »,,,,, 
1\"'HI~,[ TIME ~'- T". "flAY Tt !:. 

Fillu,e 6 . ' ~llN e 1. 



TH~	 RIGHT AI'IGlt 

FIJltherUlo!'" '!"'I'l llllw "'I'lill tv 1I)(~ dday titlil'. 
the rp(:on!t-r ,. IlU 1.-11 'I': .'11 .'xad "OP~' of the 'sll)lJillg 
straight line III otlwr ... "rds tl was the ('orner ",hi.·" w"" 
distorted. I~'( fill'!' UII' 'urllcr r<'I';Y~(,llted a p(lint of 

rapid l'hall~e "I' ,lope "f \ he input signal. 
:\0\\ if this l'aJclllallClII t,'; l'arried .,ut for '.';11.'11 'If th,· 

three ~Iuping lilies wl.wh lllilkt's lip tJj(' trian,'!k. aliI! til(' 
result.;, are iI dded t o1!:Pl!wr t h,· r('('ordl<'d I ri81Jl{1I1 I' r 
pulse is reasselll LIed. 

Thl.' I'e"ult.... are "hOWl) ill Fi!-'IIf(' 1">. I'llI' at ril.lI.dt> wh'''' 
ba"e width i" fOllr tillll." tlJt' rl"e ,illl<' of th,· r('c ...rdil1.~ 

Systl'lll. 

l!: 40:>... 
:; 

20& a ,,.. , 
0 

0 .4 

Figure 8. Reproductton of trio"gu'ar imp~he by recording system wifh 

idealized step function re.ponse-

Jt i" ";('('11 1,lllll till' IIIplll IrI"'I~:IILtr p:iI,,' " fnid.' \I('!! 

reprodll(Td. l,"t i,,,, ,..;hiftl'd id lillil i,y :,11 :t!Il11IJI:~ '·qll·,i 
to till' "lit-la,' lillH'." '1'111'11111,1 ""rion, ,il,,\ort illil ,.,1", !, 
tIll' Irianglll;',1' "Illsl' ";lIffl·r",1 i., a io,,, if; 1"'1(' lllllj,!i:'jd, 

.\, tl,,' 1';I.~e "idtiJ of lIlt' triall!':'dar ('iJl,,(' i" 1'\ •.111<" d. 
tho' 1(,,,,, in aII1I,litlllll' 1'1'('("'"'' ,l:r'l'~I,·r. l:Illi\. \\·Ill'I' 1111' 
base of til(' Irj;IIj"II' IWI'OIIIl'''; "nh' I"'ll't' Ih,' r;,I' 1111;" 
of tl)(' n'l'ordill:.( ~~·";!I'JII. tlj(' n"'o'f1k'l !"l!". IIl':tr- "I,h' 
a slight f1'-"lJ\l,lalll'(~ tu \.1((' urigiflai. 

If \1"1' Itwil 1I11r,,\'h ", 10 1~",(·... I(', t l'Ialll:lllar 1',.1"" 
wh" ... \' \'a.";('., HI'\' al II'a."t Iwi,·.· fill' fl.".' tini" "I' 'ill' 
rel·"rdiIII! .-,",1"111. 1 h/'II a "i III "I.' fl'f1l1llh, ,.,." LI' .1."1,,,·,·.1 
which gin'" tIll' \WfI·'·'If;q':t· b .... ,·.'I,il'll III" r"....'rd,·,j l>liI,,· 
mi,,,I'," tli\' trill Hnlplill/d, ,.1' th,' \Iri~'ill,,] 1,,11,.. 

50 T R 

.\pplyilJ~ till.' lor'" 11.! til IIIl' "a'T,,\,,',,1 Irial'.L'k 
for which it is \ ;,lid. I til' ..,.ror i., SlTn 10 II\' "!j \11'1"'1'11' 

Furth('f1l1orl'. If (1)(' I'rrt,r 1..; I" I ... I..", Ilta:. 1(';, ,III'n 
till' triangular jlDt".. mll,.;1 II\' ",j'l,'r thall .-,0 ri"f~ 11111(', 

Thus, if \1'.: arl' d""lilll! ",it \, H 1'\',·ordi,,;..: .'.'· ..;!elll \1'1""" 
risc t.iml' is .01 "I"'OlltlS. and wli.,,,(' ... tati\' '!l'cura,'" i, 
of tltl' ord('r of OIl{' percl'lIt. thl'll a ... illlilar I.>nl,';· III' 
aCl'ura('v for rh nalllil' ('(lllditil'''~ \\ ill he ;Hlli,>, I'd Oil-h· 
fo; sign'als Whl~St' ralt' (>1" ..11:<111':1: IS ,,0 ,,1111\ I hal a Iin;,· 
inter\'al of :tl)o111 .:! :it'l'II11d- ;, I'l'qllirt'd for Ih(· _i:!I1:1 1 

10 1110\,(' from Ollt,' 1l'q'! t c, ;ll'''! 111'1'. 

These figures art' " liltll i't'"slm:-li,' I)\'(·:tll"- 11", 
razor sharp \'(.'1'''':-' of llw tl'l:lllgular Ie..;l I,.d:</' d.ws 111)1 

oc~ur in adll.tl physical plll'lIlJlIl('llll, hilt l!Ie ord,'!' III 
magllltude of thl' I'rn'r, "hidl 1';111 lit' ('Il""'ll!t"r,'d llr., 
dose to ll,os(' calculall'U :1],""(', 

'1'1\(>se faels arc often 11111 flllly J't·aliz.·d. ;lilt! t til' 1'101" 
of relati\'(".v rapidly ,ar;'>'illg 'illalllitips :m' r""f! 10 
I'xtreme to!t-ran('(',... Silll) >I," \"'('''11';(' the 4'11:11'1 h;ljlP('lh 

NOVE BER I ~ 

lu lw .. l\'IJp IIlle ...r IWi'an"I' .l IiI "H!lI'raLI liS hu\"( 
1,('('11 nHHie 10 slldJ ,·llh(, [lIlt-filII t:~. ('\' 11 lh ugll th· 
finite n'spOll:;;e t im(' of I hI' n'C'urdi g ...yst. III II:. pr . 
"iJeJ an)!'s fin' or lI'n time, ;1. l!fl'lIl 1I. th(' "I "posed 
f\,.'C'uraQ' of Lhc ll1(,ibllrt'Hlent. 

To sunlTlJarize thi, disl'll"sioll 
\. Th(' aoility of a ('ncor.lilll! .' .It 'll I" prop r1y n'l'orJ 

fllJ,idl~' "arying -i~"al" IIf '·'JIIII'I,'. Wi! t' form is 
IOOS! pU'iily alld dirf'rtly Judi.~f'(i II, term: I' the 
'ri,,' tillw" of th,';"sll'lll l;l'" 1Ilt';I.-lIf d fr lin the 

W;;JIIIlI"e tn :1 ",t"f'" or ~'l\lilrt '\;1 t' IIII'll!. 

B	 Thl: l'OIl~l'ntl'"J"! frrtjU'f!t·,'" r·.I'''Ii.';;''· ,'un'(' . II 

,ar." wllld,' ill sL,i p., wilh "1I1~ ~Inal1 difft~renCt's 

aPI'.:aringill til(' ."p:arl' WlI.' I' n', ,()n.;e. 

Ti,e "(it·",.' Wil'· .. wLiclt r"l'rt·,t·nh t lie iIJtl~rval uy 
\lhi,·h th,· rr.'("ld,'d ! ra,,'(· j, ~I ift.d 1",lil:-' is !'qlllli 
~O (trw half I Lt' "ri",. t IIll'· ... 

I)	 The r;de of "al'l"ti"n of 1I!('lll ,i 'lIal" IUU. t I,f' qUilt' 

,111\, iii rl'!:tti,," 10 t hI' ri~1;' \illl~ ill 'Inkr to i 1~'llr(' 

~lJod "'''''II1'a(','' ill Ih.· 1'1"'111 ilil-' r"I·I,r,1. 

I,.,. 'he nEu.1 i".ue OJ. Mille' will dilCUI. Differential Input CJrcu'h. 

Effect of Contro 5
 

on Position 0 Stylus
 

rI";'~rt. ,,!"t. ,," ... ·Id !",,j. ".111"" ,'a" ":1,,,". tUfo p.>.-ItI<)IJ 

"I Ill.· ".' !'I" .111 :I!l' "'I,lrt. ,,1'1'11 'I lI'~ till' "010' 

h;I,:tii'>ll "I' " I) " .\rtll.lifi,·r :\1".1.-1 (i~ ;JOO alld lilt' 
II ( I'n';I"q,1ifil'r '1<"ld t)~ HIll. 

TIll' 1';,·wlilJ'· !,1I..;itl"" I"; .'" illlp"r" III ill all IYlle, 1)[ 

,,,,·illo(:ra,,IJi.. r;""lrdillf:' tl", lb· !"IUH'tJOIl of cill'h 
,·",Ii 1',,1 i, oll1liII,·<I !)(')",\ ~1'1'\\ "'i.: ill"\\ It "an afT""l 
I Ill' !''''''lilll' )J" ... il jlJl:. 

;-;tarlllli!:tl t\.'·"'llpuf alld""lrki 1j>!1.:t'\..\\ill'llhmanb 
,:1,,· IIIPlil "iiluaL I h,"" iiI'!' : refn II' :-ic!,('matic', 
li~ -lOll "1 <lIld n~ :\0'1-( j" 

a.	 The centering control RJ16. T'li, I, ,111'1'0" '<1 to I...· 
tIl(' "ll;"lal ,ldjlt,lflll'lll for 1',lid\II,llill~ thr' k''i''lill~ 

po-lIi"I' ::ili."., tijl' ()(. I'rt"IIIII,ldil'r h,dar" illg 
""III r,,1 H ~.!,; i, IlIH,I,· t" ,,,1.., ,,' l'f' Ilti' flillctimi 

b.	 The smooth gain (senUtivity j control R315. If tllel'l' 
i.' II,. inpllt I" till' In~i'll [ " Hiliplillt'r. ~lId if that 
:lIl1p'ltlitT i., propt'rl" bal:IIl' ed. t 11/'11 li.r i., no 
p,d"lltl;t1,ditfen'lll'l,l)('lw"'11 thl p.d,·. of \·~Ol. allll 
,:", g:,ill c'lIl1tn,i ('all I Itt'!, 1)(' Illnled withultt any 
1,1111 i"l1 of tht' stybls. 

c.	 The main DC crmplifier b lo.c control, R3S4. This 
is Ihl' "olllrul It"..d ttl l!;llaralltl'l' ,,, ('quality ( ­
jllJlc-llti;d..; :tt Illl' plah'" (If \-: OJ I.nl il a Ijlls In lit 
IIIU,1 'I'u' wad,' "itlt IItl illpllt. III I,l" Jilin f)' 

11ll1r.l:lil'r. 01 IIl'l'\\'i..;(' it will 'Ulll\lel":' (' II It (Inl;,>' for 
ill("IIwliti(':- III th.· \':101 ,·in·II,I". l'lll .t1~o for til 
IlipUt ... ip:IIHI. 'I'll Ilia)...' !>lIH' fIr 'Iii , H~\.')4- ~1t"ll1d he 
lJdJ'I"It'd "ill, tIll' altCIIJl<tttlr at 1I1'!", 

d.	 The .tep attenuator. Jf lh Tl~ I" lit' i pLll rroml lhe 
1><: \>il>,1l1lpiilier, 1111 iippf('('i"hlt /,!riclllllrrllll ill tlit' 
grid (1I'('lIil:- of \';Hlj alld Itll 1";11..: l!e fr lIll hi ..dl 
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QUOTATION 

ELECTRONIC TRANSFORMER CO., tNC. 8564 
70 WASHINGTON STREET 

BROOKLYN 1, NEW YORK 

TO. 

relephone: MAin 5·6123 

Date .I~ .. .~, 
ETC Quotation No•..~ ~~?, 
Your Inquiry No• ..... -:JI..I?. 
Delivery .......? .. ~.~ ?..~ 

.......r~.9.~.~ ~... p.~: 

~ 

.. 
,.. 

. 
~ . 
g.. ~. 

II 

L 
Terms 

F.D.B. 

1 10 0 

Gentlemen: 

In reply to your inquiry of /15...................................... we are pleased to submit our quotation (1S 

Packing 

follows: 

Type No. DesaiptionQuantity Unit Price 

L gre er an 10 5.00TU 
y. a t 1. m"'. D.a.m. 

ohms 

T i een re rred t L6 by 

I 

York 

--_._._-----=-=======================-=-=---=--========= 
This QlIotation £hall be void unless accepted within ...... .. days irom dare nereo£. Prices stated herein are b..sed ell r,,{~s of wages and 

col'ts of material in effect on the date of this quotation. 
The price-. quoted herein do Dot include any sale. tax.. duties, e>;ci~l' or similar t~xes now in dIe (~r which !nay hereafter be im· 

pO""d by rhe Federal or State Government. and made applicable to the r.1e~chancijse and/or thl~ sale thereof included in this quotation. AI: 
eh f.'lXC'S imposed will 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. 

'ELECTRONIC TRANSFORMER 0., I c. 

8y: ~ ..B~.~..l?: 
.........~~.~ ~•••.•7 ~ .• , - .
 

(Title) 
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-~/:'rush INSTRUMENTS 
DivIsion of Clevlte Corporation 

3405 PERKINS AVENUE' CLE.VELAND 140HI0 • TELEPHONEENDICOTT'I-3315 

August 2B, 1958 

Mr. Grote Reber 
General Delivery 
Wailuku laui 
HAWAII 

Dear hr. Reber: 

TrQS is in response to your letter o£ July 19 regarding 
damping of our oscillographs. 

The effects which you have observed and de cribed 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 ceil resistance. This is reflected into 
the mechanical vibrating system by vir-tue of the motion of 
the coil in the magnetic field. The mechanical reflection 
of this resistance is very inear. Added to this, however, 
is the non-linear resistance of the pen tip fr'ctian. 

It i very difficult to provide quantitative 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 larch 1946 
issue or ELECTRO~ITCS agazine. There is no simple way of 
account"ng for the friction because of its non linear nature 
and the f ct that it is strongly influenced by chart velocity. 

Somewhat over a year ago we introduced an im roved penmotor 
in our full line of' oscillooraphs. This has about 2--~ times 
the sti.ffnee. of our older penmotors, and t s greatly reduces 
the influence of friction. fith the newer eq~ip~nt properly 
adjusted for optimum p n pressure, it is diflicult to detect 
the variation in damping described in your letter. I am enclosing 
f.Ome literature on this new equipment o 

Very truly yoUrs, 

U 
.~' J. P. Arndt 

ssistant to the lXeneral Mlnager 
.JP :js 
Encl. 

I 
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RESEARCH '" 
DEVELOPMENT 

MANUFACTURING 

'" SALES 

(!Illttu'tf £ltlct'ttllliCJ &. lJlIJftlUlltllltJ, lJIIC. 
1333 NORTH UTICA - PHONE: LUTH." ... ·7111 

TULSA 10. OKLAHOMA. U. S. A. 

Mar h 3, 1959 

so iated University 
.0. Box 2 

Green Bank, f. Va. 

ttn: 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 informati n after 
reviewing this literature, please do not hesitate 
to calIon 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:
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