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stJBJJDT: Investig&t~n of 'lelegr.aphona as a Ileana fr»: Introdua:lng a Time 
Del..Q' tn a SigDll Network. 

OUTLINE OJ' REPORT 

I. PUHPOSE: 

II. P,ROOEDUBB: 

A. Test Set and Testing Technique. 
B. :Materials anplOl'Bd aDl llethod of Diapos:IDS. 

III. RESULTS I 

A. InHl'tion IDes of 111e Telegraphone. 
B. l!'idelt'I;J' 

1. Frequency 
8. Ampll tude 
3. "ll'askins" 

o. Ph7aiaa1 Make-up of the Record. 

IV. DISOO'SSION: 

A. Choice at Jraterial.. 
B. Disposal at Mlter1al.. 
0. Insertion Lo as. 
Do Filter Action. 
E. .Amplt tude non-11nearit:y. 
F. "MaakiDS" 
G. Dispersion 
B'. Time Dele.Y' Attainable. 

V. OONOLUSIONS. 

I. PORPOSE: The purpose of tha wolk reviewed in this rep~t 115 the investi-
sation ot the perto1'1118DCe at the telegrapb.one aa a means for fntroduci~ a 
variable time dela\v 1n a s1pal. network, toe.ether with the .detel'lllination of the 
factors a:rteatiJJg this pertomt.anae, Blld a. catua.:r ot methods ot 1mprOY1ng it. 
The ultimate objective is to utilize tl:la in:f'oaation obtained in the desip of 
IJUba.queoua sound :rang1Dg equipment. The investiga:Uon was par11ued in accordance 
with instructions tram the Signal Oo:rps Le.borato:riea aDd was design,ated as 
Project 8~ in the Sound Section. 
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E.R. #PJJ Inv'eatigation ot Te1egraphoD8 as Ileana rar Iatroductzag a TiDLe 
Delay in a Signal Netwcrk. Sheet ·12. 

I I. PROCEDURE: 

A. Test set and Teat:lng Technique. 
An m;perimenta.l test set •• deaigued whieh was uae4 to measure the 

"insertion loss" in decibels ot the telegraphone aa a tunction ot all the 
variables known to intlueme this loss. These factors are: (1) · k1Dd ot 
n:aterial used, (2) method ot util1z1Dg the material, (3) method at diapoalzag 
recording (If),_ erasing (E), aDd recei'Ying (R) coila with respect to the 
D1118116t1o material, (4) speed ot coils relative to Dllg:netio material tekiDg 
the record - here:lnatter r~erred to as speed, (5) signal trequ.enc7, and 
(e) signal strength. The test set permitted these faators to be studied in 
detail. A sketch showizag this set in rough outline is sho11D. in Fig. _1 • 

• 
The "insertion loss" was measured 'by a substitution method, 1ihat is, 

the teleg:raphone under controlled experimental condi tiona was inserted in a 
signal network and then an attenuation box under 1he as. ooD41 tiona was sub­
stituted tor the telegraphone to reduce the sif!lla1· to the eame extent. as had 
the telegrapbone' itself. · 

Further, a study was :uad_e ot the aotwll phy-sical make-up of' the masnetio 
record by means ot J1l86118tie ccmpasae~ -~- aa.ell_explor'.ns coila. "{rtrious modes · 
ot record1D6 were tnves1itsated.. 'Dl.e. actual procedd.re will be di~ouaaed more _ 
:tul~ as needed in treaenting results. · 

B. Materials anplo,ed a:ad method ot D1spos1Dg Materials. 
1. Following emplOJ'Sd 1D disk tarm. · 

a. Low c,arbon cold roll:ed s1;.,el. sheet ·tl'ODl Allegheny steel Oo. 
:b: Allegheny Electric Ketal - 4.~ Hi, 5- :re, o • .- Mil. traces ot 

s, o, etc., - from .Alle&heD-7 Steel Co. 
c. B:Yf'lm: Ol".&Z"ameateel f'ran IildiBDB Steel P.rodm ts Co. 
!;: High carbon oru.cible steel saw blank tram Henry- Disston ud sou • 
.!.!.. High ca:rbon crucible steel Formosa aaw. 

2. Following 1111ployed as a1Dgla wire wound on the per1ph&r1' at a bake-
lite drum. ·~ 

Soft iron annealed wire 0.042". 
High oarbon steel drill rad o.o4s". 
Piano wire intollowiDg diamBtera: 0.00'1", 0.013" 1 0.024", 0.011"1 
o.o3S", aDd o.oee". 

Piano wire in 'three grades from !Jammacher. SObllllllll8r 8114 Co. 
o.ol3" diameter. 

3. Followiq emplo:v&d by wtndiDg on the peripbary of a bakal.ite dram 
a single layer piano wire b&Dd 1/2" wide~ 0.00'1", 0.013" 8.Dl Oo038". 

-2-
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4. Wound a strip 30" lons~ · 3/4" wide, aui .1/l&" thick with appro:z:.i­
mately 3000 turns of 0.00'1" p1$.11.o wire ami secured this strip 1io the periphery 
of a 9" bakelite drliD 'tor transverse l"8G3rd1ng. · 

5. .Placed a cast irqn· spaoer._betnan two saw blank_.· for ·druble disk. 
radial record1118• · ·..=-· 

III. BESULTS: 

A. Insertion Loss of ihe Tel esraphone. . . 
Table I gi vee the results obtained when employing the ·a i:rtereut; materials 

and usiDg ditrerant methods ·or di.poaing tlia. . In order 'to gift the meai!IUNilents 
any meaning tor comparison pul'pOses, it wa•i'_neoesaa.ry to fix on a speed, impressed 
frequency,. 8.Dd a :lgnal strEinsth. Choice here was d:kstated by OO!Uiiderations of 
the t'requene1es am signal strengths met ·in. practice as wall u the time delay 
desired. The speed chosen was '10 tt. per. second, the trequanoy anpl.oyed was · 
400 cycles, wbile the sigml strength eployed was represented by' a aurreu:t ot 
25 ma. through a 500 ohm T-ooil. In column I is given the insertion loss under 
these specified conditions. In semral the treqtBncy ail which leaa1i attenuation 
oooura depends upon speed. Thia is· shown by J'jg. 2 where the m1n1.Dim1 attenuat1011 
takas place ·at mo oyolea for .eoo r.p.m,., 400 oyales fbr laJO r.p.m., aDd 800 
cycles for 1800 r.p~m. The dlak d:i.ameter was 15· inohes. From these relations 
1t follows that 1he lm~ ot ~ traok used 'tar recordiq one ·OJOlc fer mini­
mum tt"ttmuat1on 'WBa app:rox2mately constant, namely, 2.3w1nohes in the preaant 
case. This coutant leDgth of souild track used 1n reoordir&g a single cyal.e ot 
saae frequency -·determined by speed - tor least attenuatioa 1a given "tor 1ihe 
various ma ter1als tested 1D. Ooluim ·"xi, 'l'able I. l'urthar, ·we arb1 trarily de'tiDB 
Ule high trequanc~j"aut-ott as the. trequ.mcy tor w'b.ioh the atwnuation is 25 db 
greater 1han the minilll.im. To each 8PEt.ed ·'lihera aorreaponda a high f'requenay cut­
at'!. The .length ot sound tra.alc: oOaupied b7 olle cycle ia again t~un.d ~ be Te!7 
nearly 1Dde:Peildent o't ·apeed. Oolu:iln ITI, Tabla. I, gives this lsgth toi·· the 
'ftr1oua 1118.tertals am affords .a IU,reot ~~~eaaure or the abilU;y o'f' a material-to be 
used 1JJ. tranani ttiDS high frequmci ea. The ·baokgrouDd or noise arisiag trom tbe 
rotation of the JDagDSt1c material by· the coils was highly obje~?tional!l.e in the 
callS ot traniJverse. reoord1D8 due 'to :lmpertectiona aDd 1rregu.lar1 ties in 'the 
wind iDe as well as mea. Bingle turns at ·wire ware· used due w the jo:blt. ijowever, 
when emp:,_oying disks or the wire balds~ _this backerouud noise was o'f .the sue . 
order ot magnitude as tbe output IUIIP111"1er .~ise. · : · 

Disks 

Formosa saw 
Oold Rolled Steel 
Allegheny Eleotric 
Disaton Saw 
IVflax Chramesteel 

Table.·l 
.. ··I .... 

InSertion Loss 
70 
68 
63 
53 
51 

.. 

II 
Inches per cycle 

2 •. 2 . 
8.4 
3.1 
2.2 . 
2.2 

. III . 
lnChee. par a,role 

0.5 
·. -0~1 

o.55 
· . .-·o.·5 

. 0.4 
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\'lire 
Sott Iron 
Drill Rod. 
Piano Wire .068"­

.058" 
. PiaDO Ylire .031"­

.007" 

Wire Band l/2 1mb 
wide · 

I 
IDsertion Loss 

58 
. 158 .. 

43 

40 

30 T c4 .013" Piamo 35 
?o '1' or .oo?'" " &15 

Double Disk Radial 
Record ins IDt 1ni ty 

Transverse Reoord-
1:ag on wound strip 85 

Transverse Reaor4-
1ng when strip was 
out to tom element­
ary U-shaped magnets Inf'ini t;v 

II 
Inahes per 

8.3 
1.4 

2.4 

8.3 

1.3 
8.3 

:.-.- 2.3 

...... ,~, ... 

B. Fidelity of' 'the Telegraphone. · 

cycle 

.. ..... t- ·! . 

III 
Inches per onle 

0.9 
0.515 

.. 

. 0.3. 

0.3 

0.3 
0.3 

A discussion ot 1h is tao tor re&Olvea ·1tsel:t into a study of' ·three eontri-
bu.ting causes ot ·a laok ot fidelity. · · 

1. Frequency. The aUl"Yea of Fig. 2 were taken When employins a ba:ad 
ot 40 tume ot o.Ol3" pi&DO wire• Insertion loss ia plotted 
agn:lnet :tJ:equano7 tor aeYeal '98J.ues of' speed.- It becomes e9"1den1o 
tran an exam1na1fioa at this family at au1"9'es that "ft!!rY serious dis­
tortion ot a Olm.plez signal must normally be e2:peated due to .the 
exaeasi'V'e a1otenuation ot the higher trequanoiea. ·Also attenuation 
is seen to depend upon speed which f'ao1o misbt well be used :lD. the 
design of a low-pass filter Whose oharaotaristics depaDd on speed. 
Speech s1saals tranau.1ttad over tbe telegraphone are not unintellig­
ible but UJ.e device certainly plays havoo with qality~ ·. · · 

2. Amplitude. ~· Olln'es of' l'ig. 3 show the 'roltage measu.red acroBS the 
output of an amplif ler aODDected to an R-aoil plotted against the 
voltase impressed aaro•s 1he T-aoil tor tour d1tterent f'requenc1ea, 
300 oy,el.es, 400 cyGl.ea, mo cycles, B.IJ4 600 a,elea. Up to an· inPlt 
"V011age ~ 10 volta the response ia neerl.J' linear. ·The Aiagaaala 
marked 35 db. etc., are oonata.nt attenuatiOD."'linea. lror these ourTes 
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speed •s maintaiDBd constant. ObTioual)", for faithfUl 
reproduction over a wide ~e of amplitmde insertion 
loss ab.Olll4 ra~Bin conatant irreapectiTe ot ampU 1u.de. 
The departure t.raa 1h1a acadition lihown iD J'Sgure 3 predicta 
distortion arising traa tbia cauae. 

3. Masking ot higb. frequenatea by the aillultaneoua recordiq 
ot a low frequency •. The auft'ea Fis. 2 are mialeadiq 1ll that 
tlley presuppose only a a1D8le reoording frequency. 'J.Ihia 
factor ot "m.aaking" baa not been 1uest1gate4 1ll detail by 
qumt11at1Te •aau:r•c ta. But wben muaic or ap•ch ia bei.Ds 
tr8l18Dl1tted by 1he telegraphone 8.Dd the atmultaaou.aly a law 
constant trequcay ia impre....S., there ia a .rked deteriora­
tion in qtal1 't7 due to poorer traumial!lion of the hip fre­
quencies necessary for high QJ&lity. Thia .deterioration 
increases as 1be amplitude of the "aaakiDS• low trequenoy ia 
i~~areased. In short, the priaotple ot auperpoaitioa does uot 
hold for tbe tel&p'a:pbone as an element SJl a atsaal aetwork. 
'1'hue tbe dniae ta worse thaD the oul'l'es of Fis. 2 would 
indicate. 

o. Physical Make-up of the Magnetic Record. 
When reaordiDS a pure frequency oa a d iak b7 meal18 ot a U-ahaped T-coil 

with both poles in one side of the disk, aDi dtapoaed tor loDg1tud1Dal record­
ing. i.e., longS. tud1ual aa oppoaed to radial, it aa foUlld that a aer1ea of 
consequent magna tic poles appeared on bo'tlh aurf'acea ot 'the <Uak. When the 
linea ot force in the impreaaed record lie parallel to tb8 direction of motion 
of the record Daterial w11h re•peot to tbe T-oo11 1 we det1M 111e record aa a 

"loJ181tudinal." ar "-ansent1al" Olle, and when at r1Abt an&\•• to the direction 
ot motion as "radial". The t i:rat pole to iDtlueaoe T1rgm ~,aetie •tertal 
result a 1D a "lougl tudiDal" recard ditferi.DS in pha•e by 1eo· trca that one 

· ilnpreaaed ly the second or tra111DC pole whioh l•Tee the fial and alao a 
lcmgt'tudinal :reoord. The nature of thia reoord ia indtoated tn the l':la • .fr 
below 11bich llhowa a oroaa sect10Jl ot the disk. 

. ..; .. ··. 
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These conclusions were reached as a result of e:a:perim.en1oa 1nvolT1ng obserYS.­
tions on the polarity of the imprese:f.D8 magnet and e.xperiirleD.ts employ1Dg iron 
f'111:ogs 1 compass, needles, and small exploring coils used in pairs am capable 
ot being mo'ftld about inde~~Jndentl.7 on either ·side of' the disk. 'l'h.e system 
of' "wave-lengths" in the steel oould thus be explored. These exploring coils 
were coDDected iD series an:~ then· to the input of an amplifier. A complete . '1. 
cycle was thus found to be recorded in the length of' sound 'tl-ack canputed tor t. 
1 t on the baaUs of a knowledge at speed and frequency. · • 

SiDgle pole T-ooil recCD:'diDg was also accomplished only it is less 
effective tb.an double pole ta.Jlgential recording due to the 'high reluctance· 
1DBf',Jl.etic pa1h used and the 1ncreased pialc-up due to stray magnetic fields. This 
kind of recording resulted in a longi tudiDal record. 

lV. 'DIS<roBSION: 

.A. Ohoice of' ?Zterial. From Table I it will be sem that tbe ·matori,als 
which are "hardest" l!Bgneticall.y l!lh.ould be emp~o,-ed 1n the ·telegraphone ~or 
highest et:f'iciccy. Bi{rll. retentivi t.v is the pr:lme desideratum in the choice of' : 
material rather th.an high pemeabili ty or· a compromise ·between high permeabi~1 ty 
and retentivity. In general, high permeability materials retain very feeble 
ma8netic records. · 

-9-
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B. Disposition ot llaterial. For the present 1he best athod ·toun4 tor 
disposing the material was 1n 1he tom Qf a wire band on the· periphery ot '­
drum. This method was chosen beeaus6' materials can more readily- be Pr~pared in 
this to:m than m· disk torm, eddy currents ere thereby' partially ei1m1Dated, 
overall Elf'tioiency is sreatly- increased· (See Table I) 1 'it *• relat1vel7 a:tmple 
to adjUst the amount ot megnetic material anplojed, a true l'lmniDs meohanioal 
assanbly- can 2:'eadily- be arranged, the· tilaments 'thus longitudf.Dally- 41spoaae4 
are properly proporUoned to give us 1Dlierently stable elE11118ntary magnets, and 
a su.perior trequency- cbaracter:l.stio is attained.( S.e<:. r .... i:olc!. C .. \:4....,,1Jij 

c. Insertion Loss. The low etticiancy actually obserYed DBY be Tined 
in ei thor ot two ways. A recording process 111ab. as 1his oDe inTOl.ves at the 
T-coil rel.atively' large amounts ot anerfD" while the eDiirgy abstracted b7 the 
material depends upon cllanges 1D. 1he magn6tio hysteresis losses due to motion 
of the m88D.etic material. With the material at rest the losses looktDs intO a 
T-coil are (1) ohmic due to 1he resistance ot the copper, (2) iron loaeee ~· 
to hysteresis in the cores of the T-coU, pole pieces,- ·and the material tar. 
reoording, and (3) eddy CUl"rent losses. NoD118.l:q, the ~sterea:la loaaea are· 
high. The ch.snse introdmed 1D. 1tlese•hysteres1s loeaes 1D the magnetic 11811.ple'. 
by the motion ar the :material sives us the actual power absbacted b:y the JIK)~ · · 

material trom 1he electrical input circuit. Needless to EB:y, it ia a ho~leas · . . :. 
and thankless task: 1D at'fiampt to deal w:1. th tbeae losses b:y caa.Tantio~~al methods . 
ar math-.atical aha.lyais. Or,· we may view the system lis a transtol'lll81' wi ti · .... ··~ 
extranel:y loose couplins betwem primary (T-coil) au1 ·seconda1'y (R-coil) w1D41:asl!l· 
and with a species of wave propaption 1ntroduc1Dg a 'time del~ between tile .. 

I ~ • 

windings. The coetticimt of COilplit!IS is indeed low it we employ the insertion 
loss as a meaaare of it. · 

D. Filter action of Telegraphone •. The f'act that the teleszoaphm:ie as .aet 
up does not transni t high trequeJioies 'rill is :to be explained on 'lle basis that 
the l.ensth at sound track iD.Tol.ved :l.n recard1DS ·a single· cyele 1s i1o shOrt ~at· 
the elementary mgnets involved in the record an esaentia1ly ot .8ll unstable 
torm. The condition tor stability - a high ratio of leDgth to-41•eter ~ iiL ... 
violated at high frequencies. The relation or cut-ott :trequaney to ~pee4 llhOWD." 
in m,B,l, indicates that 'this expl.aDation is in the bin correct. .bo~ ... 
factor at courae is the increase in eddy current losses at tha higher tre-· 
quenc!es. Equalizing networks are the remed;y needed to' gi.Te ua a ·tla:t :treq18D.4J' 
characteristic tor a reasODable frequency l'BJJ8B, ODly- these at coarse do not · ... 
ad"- signal components already lost. · 

E. Non-linearity w1 'th regard to I!IIDPl11ude, The tel.egra-ohone ;whea..··S.Uerted · 
in a signal network 1" a non-1~near ·elaa:ent exoepttns f'Or.;.e·..U::~· ~--~:.:..'!.;. · ·. · 
signal ampl.i1udes. Why 1111s is so is best understood by reterrlnS 15o _the 1'1g. : ··· 
5. 

..JO,.." 
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0 represents the point in the B-H. plane about which we 'lfO:dc our .material. The 
position of 0 is determ:l.ned by the erasins bias am the polartztDg bias. That 
is, the atate at virsin materiai with no a.c. sigD.al 'ia represented by the 
point o. An impressed signal represented by OH brill8s the Dllterial to a state -
represented by point 0 and a:t;ter the material passes from the inf'lwmce of the 
'1'-coil, tbe ~1Dal state is represented by 1;he po1D.'t A. B1mil.arl7 an :l.m,pr•ssed 
sisnal represen'ted by ox, leaves the Dlltel"ial 1n a state represented b7 B. 
OA 8lld OB meaEIUl"e the inf'lue:noe or 1ihe sSgnal on 1he •'ter:lal •. The :tact that 
g~ · 1- : ~or .. l!u'se ranges in X is. essential:b' responsible ~or smp~i'tu.de_ distor­

tion. Theoretically, it is poas1b le to employ proper biasing fields. to :m1Di•. 
mtze this distcrtion. The present work has DOt indicated that it can be . 
el1m1DS.ted, but future work might well look into the pof181b1li1;y ot tranfJIIIittiDS 
faith:f'ully a wide range ot sigml amplitudes. · 

'l. ''Masking". "Masking" might well be studied :1n more detail by the u ae 
of filter c:lrcuita to e1nd;v the. attenuation. One frequency suffers as a result 
of the a:l.mu.ltaneous impresa:!Dg o~ another. Whether BD;V'Iib.1Dg can be dC)Jl8 to 
correct it is another question. 

G. Dispersion. Dispersion tis suoh in the telegraphone Cloes not appear 
to be a serioUs factor 1n mtrocmcing distortion. The veloc1 v ~ travel o:t 
all signals once 1;Jley are recorded ·is not likely to be aerioual7 di~t~rent tar· 
different frequencies unless there should be a unsu.apected ·~w" in the 
record 1 taelt. This 1a not :Impossible as a pole appearing on the IIU.1"tace ot 
1ibe material - which in tb.e last analysis ie .the oJlly· 1Dkl1Dg we lave that 
there is a record at all - ~ t concei'ftbly settle into an equilibrium position .. 
,.ich depeuia on wbat other Bigrala are be1Dg reoarded. Tb1e statement ~ 
also be applied to the case of "ma.akiDs". 'l'h.ua the time del.Q' suffered b:v a 
signal :ma;v dllpend nat only on the relative. poaitt.oni!l of T and R coila but on 
the accidental "en'Vironment" or tlJe sigaal, that 1a, the preeeDOe or absence 
of other frequencies which :aay or may not be aUiply related .in wave-l&gth to 
it. The non-ltn.r propert1 es at 1he tranaui tt1DS. medi,. offer alibis tozo a 
mnltitllde of telegrapllone· aina. 

...u-
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E.B, (lao Iureat1gat1on ot Tel.egraphone aa a '&au tor Introdllcins a ~:lm~ 
Delay 1n a Signal Network, Sheet h.a. 

H. TiDJ.e Dala:y J:tta.1na.bl.e. ~- delays d the order ot 105 mioro­
aeocmda D8.Y be attained with a very raasonable-meo~ioal anci electriCal 
design o't the appuoatus. ot oou:..-ae.Ji:~Wer del.a78 Ulan 1;h1s become poaaible it 
we uae tbe instrument as desigDed tor d101;aphone purposes but tor con.tbiuous 
recording and reprodua1ilg 0.1 eecODl ,.. a ~·ODB.ble "f''l.ue. 'l'hi. is the . 
ahiet advantage o:t the dertoe in a. 11Stllo:rk. · 

V. OOBOLUSIONS: !he detaUed conclusions 'With rega.rd to performance of the 
telesraphone are givan under reriul.ts BD4 discussion. The :lnstruaent As it 
stands 111 th the t.mproyements 1n des1sn resulting from. present ohoiae and 
disposal o:t material leads itself well to the fntmduation_ of relatively long 
tim delays 1n signal netwarks. However, atsaals are thereby diatarte4 8.114 
this is objectionable ~ar some a_pplioatiou eapeciJ~.Uy when the ao011rate 
presena:t1on ot arig1Dal phase relations is ·aaseatial. Caused· r4 distortion 
bave bean examiDSd, meaaurGellta takltn, aDd methodso:t m1n1mizing atu:died .• 
The t'undamental oauaea of' dlatot1o1on lie in 'the non-linear properties_ ot. the 
Dllgnetio material and 1n the ocmdit1ona which :must b_e met :tor stability 1D 
a pEIL"ED&nt :mngnet. HoW'S"Ve;r, in spite of the mbarent faults of the devioe . 
it may prove uaeful. - eve.n with ita d~tortion - 1D underwater sound appli-· 
catfon because of ita ability to intl."oduee a Tfirfable am known t1mB c1,elay 
1D. a signal network. ' 
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