
The 1 Radio 
E~ ...... nter 

VO L. v, No.4 SEPTEMBER, 1930 

ELECTJUCALLY - DRIVEN TUN J1\G FORKS 

'B)' [I ORAT IO 'VV . L Ai\[SOK* 

S!;lUI~lIr - The cho;~ or II jJll rlicll[., r tn>e of tu"ing fork Ik"clI(L. IHrgd~' "POll Ille 
requirement.. or the prohlem lit l!llnd nnd UI)()II the deg~ of rr~t uell<'.I' stal:.ility dl'$ired. 
Simplest and 100st p~iK' ,Ire the contact-rlrh'en forks which. however. are l'npuble of 
supplying oonsidf'rllble po"-er outpu t of " PI'TO,imnh·l.,· "'1,mre-tOI' ... a'"Crur",. Wlil'1I II 
~imL'<Oid"l outl."t of good I}reci~ion i~ desire<l, as, for ill,tallce, in th .. ('>'!ie of 11 [UlIl' 
wuroe- for bridge IlleasnrenH'ul.s, the ~ illgle microphone ,[rLVC serve!! ndmirllbl." well. 
Still gI'Cater p reci.ioll, more flO"·cr. l .. ,,1 I' lIrl'r w''''efurm :ore h,l." ]"ul frolll the <'OUle
whl\t more complica ted double-button fork .. \ hi/d'-IU"e(i.ioll shuulnrd (le"uu"is the usc 
of It fn."ely vibrating fork, ~uch liS i~ exeml,Wied uy tile ~lIcUU",-lllbe-drivcn IYIIC, The 
ultimllte in prt:dsion 80 fur IItt"ined i>. to be fOllll.l in the frt .... ly l'iur.1ting fork witll 
$lJ itaule prol'ision fot eiimi lln ting ib tClUjlen.tll"" e rror. 

A :-\Y simple vibrating mccklllical 
ft systcm possesses :1 definite IIl1d 

constaut pcriod of yibrHtioll . 
Such a ~ystem nHly be lIscd citllcr flS a 
standard of frequcner or as fl staJl(lflN:1 
of time, if [tU of the indi" id uHI factors 
governing thc frcquclwy of thc systcm 
renwin constant. These factors nrc. 
prilleipall.v, the physical dimcnsions of 
tIle .~ystclll a nd the nmplitude tlm] 
decren]{~nt of its \'ibratiOIl, 

COllsider, for example. tll e silllpl(· 
pendulum. It s frequellcy is in\'ersel.r 
proportional to the square rool of its 
length alld decreascs slightl ... with all 
incr'ease in :llllplitlillc of yihra tion. 
Thi-; lI mpli tudc crror is due to the fllct 
that whcll tbe pendululH is displaced. 
the restoring fo rce. grn'·it .... is no longer 
paru llcl to the line betwt..'en th(· point of 
!<upporl and thc center of the boh, Thc 
crror illerca<;cl> proportionately wit h 
amplitude, 

If t Ilc pelldlllulll bob is displllCOO ~lllU 
~"a.:-il/c<:'r, Generol Hntlio ('omptmy. 

[ 

itllowed to swing freely. it will ext..~utt.' 
It dampetl \' ibmtiOIl. The frcq w.'llc.\' 
will continuousl", increa se until it 
nIHIlI;" comcs t o rcst. Tbe lcss the dlllllp
iug. thc less the amplitude changc PCI" 

cycle. and the mor(> ncarl.,· COllstant 
will be the instantaueolls \'lllue of the 
{rcqucllc;,>'. Ir wc \\"i~h to lIIaint:lill 
conslllnt 1.mpl it udC'. wc mu st erfel'
ti ,'cl.,· eliminate th(' ualllpin,l{ by sup
ply ing-thc pendululll continuousl;,>' or at 
uniform intetnils with a su fli cicn t 
amount of cncrgy to offset all of the 
losses, This is accomplished ill t il l' 
ord inflr;r clock by mCllllS of the -"Wing
dri\'cn escapelllent mechanism, 

The e.'lscntial featurc.s for L-Qllstall t 
fr('Cjucnc.\· of thc pClldulll1ll arc. there
fore: (I) constant lIlC<;.hanicliI dimclI
s io ll ~. (2) III III IllHHll a rnplitude of 
\-ibratiOI1. (.:I) miuillllutl damping of 
\'i hration , (..0 receptioll of suflicient 
power at elldl c?eie fl'OlII :1I1 extetlllli 
source to o"crcolll e ut1lllping. 

'1'11(- tuuillg fork is likc\\' i ~e 11 "ibrHt -

] 
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• 
iug s;\'~l(, 111 .'Iuhject to the ~lIlIe rUIl · 
d:nnCllt:d law.'! or fn,'<l lICU('," control. 
i ll"()l\sisls u'ilmllr of II t ' ·sha ped bar 
h:. \'ing II rCdlllljl;ular cro.~l>-H·clion . 
Wilen vibrating in it-- rUl1d:lTnental 
IlHl.llllcr, the ends of tile Liu(I<' po~:;e"8 a 
uHlxinnull lIl olioll lrHns\'('r$C to I heir 
iCll gl L ami in lht: plallc uf lhe fork. 
Th is tmlhVi,' r l>C' motiou ,k'<'rca-es ('01 1-

tillllQut' ly ulo,,~ the l incs find Ixx'{lOH's 
zeru lit Ihe ht·cJ of tJ lt: fo rk where the 
"ihrll tioll o(..'eurs ill II dirC('l ion aioug 
the lilies. 1)C(.·auM~ liS the lilies \·ihrMe, 
their center of gravity is 1IIo\'e<l slighllr 
t(lund fro i ll tl dirl'Ctioll :.1ong the t incs 
"i lll 11 frL'illlcllCY equal to twice thal 
of the fo rk. In the lUlling fork the 
nmpiitude error is due to the fllcllhllt 
when the li llc is dcflcctccl the resloring 
force is Hot pentCudie ulal" to the axis 
o f the li lle. 

JII addition to th e. four rC<luirclIJents 
for consta llCy in the pendulum, the 
fork rcquirt,,, anuther : (5) T ile two tines 
must. Lc cxacL 11I('(·hall i(·,,1 duplicates 
li nd haye (!fllml :l. mplitudc'i lilld d :l.Ill I)
jng. 

Tutling forks hal'e l:leell II'iNI for 
Ulllny ycu rs a~ F-landards or pitd L 
The frelj1ll'tley is ilpJlmxiruately in
versely propol'l ifot1al to t he sqlwre of 
the leug:llt of till! li ll t.'s :tnd roughly 
proportiollul to the thicknc"S of the 
ti lles in the phltlc of vibration. The 
dinlcn"ioll of tilt! tincs lX'rpend icular 
to the plane of \'ihra l iOIl hll ~ prac!.ieally 
no etTt.'t't. !lPOIl I.llc frequeue.v, Whell 
lI';cti :lq II ~tand lU"(:I of Hlllsica l pitch, 
II fork i~ nnliwiTil;y struck II si ngle blow 
nllt! allowed to exC('u le :l. damped 
villrll lioll . Til e sli~ht dmllge in fre 
quency during: damping is ncgligifJ le 
from a tIlU lo idau's stnntlpoint. 

If, howeve r. the tuning fnrk is t o be 
u:,ell :IS a high-precision ,~ la ndan:1 of 
fl'(!fjUel1cy, it m\l _~ t o hvioll"ly rcce;\'e 
('OIlti nHolI .~ cxdtatiOtl from 11 11 l'xternal 
~Ilrct . S ueh e'l:(';I:l I;oll might hc purely 
mccinulieal ill lI:1 tUrc. nnnlog't'lus to t.he 
('''<'llllCIllcnt of (I diKok. hut the form and 

1Il0tion of the tuning fork rt' nder" it 
part ieul:.rl.v favorable to IIw gnetie 
exci tatiQn, if the fork is c()nslfll<:l ed I'l l' 
magnetic malcrii ~ l aud is subjeeied to 
:I i'Crics of milj;:l\ctie pul ;;;es approxi ma t
ing the Imturai freq uency of the fork. 
If, furthcn nore. these ellcrgizill g l/lil lies 
arc in sollie tllalluer S)'IICh rOll ized hy 
the motiOIl of the fork i L~f' l f , then the 
fork \\'i ll 1JCC(l llle oJ;(>iIln tor~' at its 
nat ura l frequenc~" We propose to dis
('U;~ \':lrious methods by which this 
~1f-synchrol\izt.'(1 t' liergizi ng of the 
fork limy be accomplished . 

A t UIl;ng fo rk illletHled to be IIS('(I 
llS a. freqllcucy :o, tanda rd \\'ould nut be 
dcsih'ncd to rurni~ 1 1 directly any great 
1~lI1ount of acoustic energy sinl:C to 11 0 

so would II Cccs.~:l rily i llcrca~c its damp
ing, Obviously. if Ole fo rk is to he elec
trically drivclI a n unli mitC(1 11N.IIb\ie 
output may be ohtaiuC(i ittdircctly 
hYllleans of "Heli um-tube 11 Il lplificlltiQll, 

III p:tssing it lIlay be rioted that lI le 
fr~qllC rt c.\' of !II I types of fo rks 111:1,\' he 
initially calibrated to :l pl'C(let ernliued 
Ylilue by grinding the free end~ or the 
lines. The Ilntutlll rre(lliency of 1\ fork 
HIlly be ,'arit-'tl hy ll1e;ltt ~ of adju ~ t~l hle 
weigbts 011 tile ti nc>;. Grt':lt ('arc mu st 
hc cxerci sed, howevcr. to kccp lhe till('.~ 
<;Yll1l1letricn lly loaded. LOiuling i ~ not 
to be recomlllended for fork.~ of I he 
Ilighest prce i .~ioll. 

rl)/I f(,r! l)rit'l! - T he ell tli('st it lteltlpt 
nt sctr-s.\·l1eil ronil':C(1 d£:Ctricnl llri\'iJlg 
of the tuning for k followed t ile principle 
of the oruin!lry e lect ric he ll or bu zzer, 
and <..'Ollstituh,od the so-calk'(l contact
Jri\'('tl rork . F igure I shows a schem:ilic 
diagram :lnd Figure :1 a p llotograph 
or a fo rk of t his type, E nch ti ll (, of the 
fork is attracled outwnrdly by ;tIl 

elcclrotll:l.gnel D. One ti ne of t ile furk 
carries a. flexible sp ring 0 which makes 
{'outllcL \\ ilh a statiollllry adju. tahle 
contact poin t, P duri llg n r~OI' tion of the 
lTele wilen t he lines of the fork arc 
f:Cnt inwRl'd, T his conta(· t closes the 
h!lttc ry circuit through the IJHlJ!Il(' I.s 
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c, 
TO 

~XT~RNAL~ ____ -"C-______ -' 
CIRCUIT -

1<''';011:: 1. A wnillct-dri\'~u rork (JlCh('rnalic) 

lJ , thus energizing lll('111 and dmwing the 
JlrOIl~,> outward. \\ hi('h ill tllrn SN\"eS 

to breuk the contact lind dccncrJ,!"izc 
the Irla~nt:ls. The rdcu>;C(1 prongs then 
:;pring inward by virtue of their l'IHS

ticit,\', thus rt.-cslubli "hing electrical 
collillcl bcl\\'~11 P al](J O. This c:nlc is. 
of course. repclltl"{l with the frequency 
of the furk. The energy ncce~sar: .. to 
o\'crcoruc the dHJllpin~ of the fork 
('oluis!s of lhe muguetic pu\r;es im
pllfled III each ('yde of the tines llnd 
comes from un cdt'rllul source, the 
baltery. The amplitude of \'ibrtltion 
of the lilies dcpcuds. Clmong other 
thing .... Ullon the duration of the encr
gizing pulses, that is. the duration of 
the COlltuct between PaUli O. H this 
illtcrYll1 is less tilaH olll'-ll:llr of olle 
e,,"de, the amplitude may be kept 1'('111 -

ti,"cly low, but the fork canHollx' seU
stll rlillg. 

Que of the principa l u".es of tile tun
ing-fork standarti i .. to .. uppl~· a I}ulsat
inJt or 1111 a]ll,:rlHlting current ]I aving 
a !<land:mlized frequellcy equal to that 

of the fork, or SOulC int eJ.lT1l1 multiple 
or s ub-mu ltiple thereof. By addiug 11 

se<,.'(lIl ti COlltaet point lind sprin~.'i Q m1<1 
8, interrupkd currcnt may be supplied 
10 UII t'xt£'rllal circuit in thc man ncr 
shown, TIlt' relati\"( .. duration of til l' off 
lind on IX'riod" are controlleti by the 
lHlju:;hnent of Q with respect to 8, 
Fl'Cfluentiy, two con l:u:1 points Q lIrc 
supplied. 0111,' 011 eneh ~ ide of 8, Such 
lill arranj.!cment j.!i,·c.'i all interruPletl 
curren t II1H· jng twiee the (rC{luCIIC," of 
the fo rk. The two condensers ('I and ('~ 
Mt' for the purposc nf sllppressiug 
spHfkiug lit the eOll llu~1 l)Oinl s. 

1'h(, conlael-dri"en fork provid('s il 

~im ple Hnd 1l\()(I£'ratel," pr~i~ st aud 
anI. I f il i~ 1Je<'('ssa r," to ddi"er rela
li\"('I:,' large l 1l11 0 1lnt.-; o f ener.u," dircdly 
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cow 

FioCIlC s. :)iJlglc-bunoll micrQPllonc-drivcn fork 

from II. fork, t he two contacU () lind S 
IIrc rC(luirt.'(I, lll1d lhcrcrorc sHch II fork 
might a.~ well he of the <.'OlItnct-dri\'cn 
type. Thi s type hil s. however. some 
illhcrcut defects which 'iCriously hamli
CllJl it.~ IISC ItS II hig"h-precision slfl udaru: 

1. With a prol)cr dcsigu of the con-
1.1Icls. the outpul-eurrent \\':1\'(' may 
closely approximate the 5( l lllIrc-IOp 
forlil. If an~· thin,g' even :l pproxilllHli l1 g 
a ll imple sinusoidal wlln~ i.; dc,irCfI, 
(·onsidcrahle dod,oring of the output 
ci n:uib is nCCCf'.'-3 ry. 

~. To oblain a Sllli ... ractor,\' adiou of 
til t' contacts. n ~lali\'cly large lWIIJli
lu(lc o( \,i hr:ttilul of I he tines i" rCl luin.'f I. 
Thi ~, we havt· :;('('11. i ... not ('oll rl H<:i\'c 
to the higllc~1 PrL'('illion of frequctw,Y. 

:1. Tile interll1itt(,lItlll(,(· jlallicnl ('OI1 ~ 
tact he twccli the vibr:.ting Fprill~.~ und 
I lic shltiollflty pojnt,~ adds eon ~idt:rH hlc 
.lrunpill,l( to the 1ll0lioIJ of the tillC's. 
\I hidl Iikcl\i~e lowers the frcqucl!cy 
~tahil it.r. If the tlfllllping of the two 
t incs I )(,(,ollle.~ ullsYll1llletricHI tlue to 
inC(IUa lit .1' of thc contact adjlJ ~l mt· llt ~. 

further complications IIrise wliidl make 
the fork less stable in its operation. 

4. ;\Lillute physical changc" ill the 
(.'Ontact members due to wearing. heat
ing. etc .. may alter the time inlt.'tnt!s 
of m:lgnctic ellergil' . .'ltioll , thereby 
ch:mging the all1plitude. lind hence 
the freq uency of vibration. 

:i . Contact poi nt s, cvcn when well 
dcsigned, are IIplto be crrlltic in opera
tion. since thcy :lrc ~ubjcct to wear. 
and. evell wii.lJ the usc of (''OIHlcnsers, 
sufTcr II certAin amount of pittiug due 
to sparking. T hey IIIII <;t be cleaned and 
readjusted 1\t fre<llIent inlcrvlll .. , whieh 
results in a possible cllIU1J,,'C of adjust
ment and d ri ving frequeuey. 

Sillyle-.l/ icfQpJume Driee - !-'Dille of 
the d iffi culties of the conlllci-('lril-en 
for k arc plltt.ially o\'cr('(llIle in tIle 
microphone-drivcn fork SIIOWIl sche
matically in F igure 3 lllld pictorially in 
Figure 4. On a ile line of the fork is 
mounted one electrode of n ('lItboll
button microphone .II ; the otln'r elec
trode. being 1111 integral Plitt of the 
housing shell. is supported through a 
~prjng withi n a stlltionary protcctil'c 
metallic cup. AllY I' ibrntion of the tines 
will ju r t he microphonc :lnd thu~ cause 
; • . ~.nlchrono\ls fludlllliioli of the lIat-

I'!GIJII£ •. l:enenl.l Itudiu T n'': i!1:J·C ~()(kycle 
.\OOio ~iI1l1l()r. a IYIlicat ,iujtlc.button IIIK'-t<l

rll{>ue-.lril·cn rork 
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SE[·n~.'I1H;n, 1!J30 ., 
lcry currcnt through it alld tile primary 
of the transforme r 'l' l. The sC('Qlldury 
current rrom tl lis trlU]sforll1N PUShCS 

through 11 condell.o;cr Ct. :1 portion of 
tile prinl1lr,v of the Iralt ')former T~, 
and the dri\'ing coil D, so lhlLt the IlIt
ler will suppl,v magnctic pu lses Lo the 
fork to compellsnte for its damping 
losses, thus mainulining 1I continuous 
"ibratiou lit some fixed :unplitude lind 
fre(j Uellcy, Th e coudellscr C1 sen 'es 
Lo obta in lhe proper phase rein! ion 
hetween th e dri\'ing curr(>llt and thc 
synchrollous "ibration of the mic ro
phone, The whole of the primary of 
1'~ is tuned dectric[llly by means of tile 
condenser C~ to the IlHtural frequellc," 
of the fork , Ulcrchy purifying the Ollt

pu l w:n'eform . A tapped secondary of 
'J't enables vMious output ,'oitllge ... Lo 
be obtaill cd, [n onler to prevent Ihe 
tines from !x-ing cnergized at double 
freq uency, Ul ey [u'e magnetically po
Iliri zed by a steady current from the 
battery IHl.~s ing througll 1\ shunt (.'ircuit 
compris in g tht' ("oi l P which sllrrounds 
one tinc of th e fo rk. · 

' l'Il is fork is fn..->e from contact t rou
bles nud may Oe ope ratClI witll it 

IIIlIch slimller fiud more constanllll11pli
tude and decrement and ha s, therefore, 
a more nellrly COllstant frC<juency thnn 
the con t.Hc t ... <iri'·en fork. Furthermore, 

!-'wnn.: 5. A double·hutton micropholle-driven 
f(lrk. Note til", heavy l>11'~ inertin ~1'"S which 

house tI,e rnicrn"hom.' hllt1on~ 

• This iJ tile $y~u: rn 11"":\ in (;cIIl'rt11 11",lio 
' I'''I'~; ~ 13 Audio Oscillllt.or', II. ",ore c~t<.-Il.i\'e 
HIlHly$i$ (,r which will lie found in I. n nrl ide by 
('hntll':.'l K Worlh('l). ".\ T"fling- I"ork ,\",Iio 
O,;ci ll"tor," r.em'"d I/".Iio /·:.tI'I"ri"w"lu, Ir, 11. 
.\pril, 19:10. 

1,']Gnu.: O. A douhle-bult(lll ",ictOphooo-dri"cl) 
fork 

it is enpable of sli pplyilig dircctl~' a 
s illu.soidal electricld output in which 
the harmonic cOIlt.enl d()('.~ Hot exceed 
8 per cent. of the fundalllcul:d fo r 
ordilla ry rC~ I"tl\ c loads, Howe"er, 
owing to the fact that the total a\':lil
able outpu t of the !<.iuglt·-microphone 
button must be dividl.-'d lJetwceli the 
dri"illg coil and the output 10:1(.1, tile 
available output power is U{'{'CK'Sll ril,v 
limited to ahout 50 millill'lltts. 

I)oublc-M icropllOllc Drirr - III order 
to incrClISC t.lle a"nilable output. it i~ 
quile practicable to mounl a miero
phone on each tiue of ! lie fOl'k. ~i"illg 
the double-button typc (scc Figures 
j lind fi ). Bitller," ('urrell t passes 
throllg'h the driving microph one J/ 1 

and a portion uf the uuto-lrulls(ormcr, 
'/ \, The full output of ulis lrnllsforn1{'r 
pasqes through the condenser (\ Ilnd 
! he dri ving' eoil D which cuergiz(>s 
the tines in sync.hronism with Ih ei r 
nulul'lll frequency a 111 1 thus ;;u ppl ics 
the energy 10 O'-Ct(,Olile :111 dampin g, 
( " S(' rvcs the dual PlJrpo~e of prope rly 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



FfGl;Hf': 7. A scilemulic tiillgraUJ for Jl vacuum
tube··dri,·cn fork 

phasing the.1 ri ving Cil rrellt and provid
illg" H LI()('kiug coudcllser rOl' direct
CllrrCIl!. potential. The 1I(.'CeSSilr,'· polar
izillg" Cllrrt'nt p!l~SCS tlH"ough the same 
winding I) 1111(1 lI,e c hoke I. and 1I1fl ... • 

be adjtl~tell to the propt'!" magnitude 
b .... means of t.he fe.~istaltcc u. The out
IlU truicrophone J/ ~ is energho:efl by the 
SHme hatter .... and feells the output 
circuit throllgll transformer 1'~ JHIying 
a lUlled prillfar,v and It tapped second
ill·"", as prc"iollsly flescribCfI. 

Obviousl.)', this arraugemellt is ClLpa
hIe of deli,'ering considern bly more 
power limn the siugle-bulton t."I1e. 
Jt. possesses [lIlotl,,: r distinct adnlllt.ilge 
in thnt both tillcs of the fork :Ire SYI.ll
mclrically load(.-'tl and damped. This 
gi,·cs a purer wave Illid OIlC more 
staLle in powcr output and frequency, 
In 011.k·r to further enlHlIlCt· tht: sym
meli"." of life tille" the microphone1> 
lire 11 01 MLpported frOIll the rem· 
tllrougb spring.~ whidL are difficult to 
luljust lind maintain a s exact med13ni-

cal duplieatc.~. J rLstead, incrtia-type 
microphones arc used suspended wholl:,!, 
from the lines, electric eontucl \.Jcing 
ohtaiu('(1 through light pigtail t·ouncc
tors of negligi ble lIlcehanieal effect. 
To impro"c this inerti:! action, the 
miemphollcs /II·C loudt'(l wilh cHrefully 
designed inertill ell!'.'! seen in the photo
graph. 

" (/("UI//II- Tube /Jr il'e - The double
buttolL fork ac hieves IlHilly of thc 11\'C 

Cliumcr11ted rcqui r·ements for a preci
sion Luning-fork .~tandal"fl. Owing, how
ever, to lLnll\·oiduble nlriatiorHI in the 
stifJ"nes.<: and renction of the diaphfllb'lll 
of the microphone buttons. as well a.<: 
sllwll shi ft,; in tlLeir eCllter of gl":lvit.,· 
due to the loose carbon gr:Hlules. per
feet symmetry in the loading and 
damping of Ihe tines cnnno!. he mnin
tained. 

The obv ious solution of th is difficulty 
would bc 10 cl1lpl o.,· a ,~)' stelT1 in which 
the tine~ of Ihe fork Hre unlanded. 
fllshiollcd in a :;I mple form with extreme 

FIGUHt.: S. A OO-cycle YII{'unm-tlllJc-drin.'U tUlliul!" 
fork. The two lower piliI"!' of mllgnets Il l"(' th .. 

drivers 
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precision. :uLd :dlQwed to ,'ihrHtt.· with· 
out any ph;picul contact. The'iC 
COLlllitioll.o; are llLLnined in the \'UCLlULIl
tubt·-dr;\"(·u tuning fork. The funda· 
lIIenl;ll principles of onl" melhnd fu r 
dr;"illg such.'1 fork are indil"atctl in tile 
schematiC' diagram (see Figure 7), 

VibratioLl of the tines illf\ul"cS II 

potential in lhe .. grid" winding (i 

which i~ suit:lbly polarizcJ by a wiml
Lng f:. the latter being in II ci rcuit 
comprisilll( :L hattery. a choke 1.1, lIud 
an IIdjustable re~istllnCc Il l, TllI~ po
tentillis thlls induced in C are applied 
to the ,ltrid of 11 ,'neuum t ube I'TI• 

known liS the "I(rid" tube, which, in 
tum, i,; coupled to II scconu tube I ' T~ 
by the clements I.J'!. ('1. IUld H2. TILt.' 
output of t.he "driyc" t.ube l' 7't is 
oonsu med ill the d ri \'ing coil J) which 
e ne r,lti1..cs thl" for k and maintuill s il ill 

FlOl'HC fI \ fork ~imilar to that ,!to.,,'u ill FlOUR. 
S 'IlOUllt ...... in Ii tempemture-rontrolle.l corn

ftIlrt.mellt 

"ihration, It will he 1I0tl.'(l that thi s 
driving current (1I11d hence ti le LIla!!
netic pu lses) a rc 1)()];lri1.Cl.1 also, i.('" 
are pulsating rather tll(ltl :Litcrnating 
in character. 

.\I t huugh not appnrcut in the draw
ing, the two S(' 1~(riite winding-" f) :11\11 
08 Me so arrang"('( l Ihll t thefe is no 
magnetic coupling bct"l'Cll the m. We 
have, thereforc, a rcgellerllti\'c ampli
fier system in whi t-h the feedll:lck ag-l'lIt 
consists of the 1IIl'l'iUlTlical 1ll0tiOll of 
t ILe lines, The latter l>I"ing enti rl" ly free, 
the fo rk vibrates at a frequcncy "cr;.
clo:.e to ils n:ltura l pe riod and pro"ides 
thus 11 high-pn'Cision <;tandn rd. 

The adju stment of tile pm1 ~ anJ the 
opcrati ng parametcrs of lilt, tubes may 
vllry the amplitude ali ll hCII(.'c tllc frc
que nc)' of the fork 10 ;1 \'er." slig-ht 
dcgrt..'C. l)roper manipu lation of these 
cont rols ellublcs ti le prcci~e adjustment 
of the f req uenc,\' to some predeterm ined 
,"lil ue with a much I-:reater precision 
than cun relldi ly be ~Itlain('d Ity grind
ing the entls of tht" tilles, 

1 n order to re:t!ize a l1eglig-ihle reac
tion of the output 10lld upon thc drivillS 
('"ircuits, a small portion of the ou lput 
voltage of the dri \"(' tUOI" j ' T: is applied 
t hrough members ( ':, 1l1• a mi I(~ to Ihe 
grid of one or more amplifier tubes I' 7'3. 

,\ 11 CX~Ullple of the "H(,"\Ll1ll1-tuiw

dri \'cn rork i>J .~et'n ill I"igllre 8. In 
o rder to minimiy.c the dumping 011 the 
fork, a spe<:ial mOlintiliK is pro\'ided for 
the heel wh il"h is SQJUl"Wh:ll clastic ill a. 
direction along the tiLLes, T his I"{'Ju('('s 
the amount of "ihratiollal energy 
tr:lIIsmiaed to tll(' s upport liaS(' :md 
hence the damping, 

A tuning fo rk or thi'! ' ,nJC IlIls ~ueh 
a. high precision that. if the rork is 
fashioHl.'(l from homogen~olls high
grade tool .steel, the ~reatcst source of 
error o rdina rii:,' C{ln .~i"ti of the tempera
tu re coefficient or rre<luene,Y (due to the 
elong:llion of the till('.~ \\ itll tcmp('r:l
lure) whicb is of lhe order of one part 
in 10,000 per dcgree C. ' l'lu:·ir preci~ion. 
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may. '1Icl'cfore. he improvcd hy em~ 
plo;\'ing' olle or hoth of the followillg 
melholls: 

I. Cons truct 11 hilllctallie fork. the 
h('('1 alld lower part of the tines be iJlg 
of om' material alld tllC Oil ier p:Jrl. of 
I he 1i1l(~S of lInother Illateriul. so chosen 
aud propor! iOllcd tJwt thc fork, ns a 
whole. POS,,('s.~es 11 IllllCh sl1l~dlcl' tcm~ 
peraturc codliciclil. 

'!. I~ndose 111e fork in a thermostat
iC';,II.\,-conl rolled cOl1 stant.~t('mperallJre 

cOillplIr! mellt, 
.\1\ examplc of the latter procedure 

is '('l'1I ill Figure O. The lIlulti-w<l lled 
<:(Impart mcllt is sholl'lI 0lx'n wi lh tllC 
fork unit. si milar to Figure 8. 10clII.ed 
there-in. 

In this particuln r arrangement of 
11 tClllpcnlture-controlleJ tu be-d ri ven 
fork. I he temperature could be kept 
fixed within 0.1 " J",. ami, as a result. 
the frequcncy of the fork could be 
maintllincd IIL'Cumtei.v Coustfillt. 1.0 the 
or(lcr of 01le part in 100,000. Such a rork 
w:,s used 1.0 dri ,·c a sYllchronous-motor
dri\"CH clock SO that the fork was 
llc illall~' a time-kceping de\·ice. The 
uhm'c-nlcntiollcd precision corresponds 

to bettcr tha ll one sC('{lIld Ix'r day ill 
this timc*keeping system, 

Uther Free- Fork J/ e/hods - The high 
precision obtainable b.v the lI ~e of a 
frC<'ly vii)rating rork m1l,\' hc llCCOIll
plis.hcd in 01 her \\"a~'S . 1IS. rOT cxample, 
by cmplo,vlllg an eledro~lalie rather 
tilaH an dcclroma~l1etic pickup. 

.\ COll(\t'nscr is forliled h:lving one 
stationnry ciL'{;t rOtlc and one lJ10ying 
electrode which is lilt:: vihrating tines, 
r\ steady pola rizing potential ii' applied 
1.0 this <:(Inden~r so that a vllriation in 
it ll <.'a pll cit," produces. pulsatillg cur
relll. ;; which rnay be amplified to dri,'c 
Ille fork cicci rOlllagJl('1 icull;y. 

T he selcclion of:, fork for a particu
lar pur'pose is somewhat dctermined hy 
thc desired frequency. Forks haying 
frum a few cycles up to several hundrell 
c~'cles per secoud may readily be COil

tact-dril'ell. Single-button forks Im \'c 
hccn eon,stntded in thc General Hadio 
CornpflllY's laboratories covcring- a 
r';lnge of from ,~oo to 1500 cycles and 
dOli hIe-hut ton forks. from 300 to 1!."iOO 
c,\"Cle~, \\ 'ilh proper des ign. \'aCIlIlI11-
t ubc-dri \'CII forks llIa,\' be Illude to co\'cr 
nl. lenstl h{' aUflihle-fr«lllcncy range. 

MISCELLANY 

~y THE EDJTOR 

1:\ ..-\lIIcr'ie:l tllniug-fork oscillators 
ha\"c 1I0t rccci"cd the popula.r 
alielltioll tlICY dcscr\"c. ;dthQugh 

ru:tn~' fOft'ign im·cstigators belicve that. 
tuning forks can be more stable thaH 
quurtz plljtcs and bars. We feel t hlll 
there is l! field of useful ness for thc 

tUlling fork which should not he O\'cr
looked . 

All of the illust rationi' for l\1 r, 
Lamson's article nrc from typicall llll
iug Corks which lm\'e 1)CC1i built nnt! 
operulcd in Ihe lat.or~tlories of the 
Generu l Hadio Colllpalt~" 

The General Radio Experimenter is published 
monthly to furnish useful information about the 
radio and electrical laboratory apparatus manu· 
factured by the General Radio Company, It is 
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