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VOLUME XIX NO.3 AUGU ST, 1944 

NOTES ON THE DESIGN 
OF TEMPERATURE CONTROL UNITS 

IN THIS ISS UE 
p ... 

STAl'I'DARD f'MJ(QUt:NCY 

BIIOAI)CA$T(t , •• 7 

• TH ESE NOTES dcal \\itha type oftc lIl· 
perature control unit of len uscd to control 
Ihe temperature of a quartz bar or plate, for 
use as a frc({lIcncy starulard or frequency 
monitor. The general principles discussed are 
applica ble to other types of units if accou nt 
is tuken of dHfcrclln:s in the thermal proper· 
tics of the materials or mc(liulII im'olved. 

Ilefcrring to Figure 1. Ihe conditions of the problcm can be visu­
ali:f.cd 8S three objects, a henler 1-1 , a COlltrolled space \\ilhill a metal 
OOX n, and a thermostat '.1' , all e nc!OSt'd in some form of thermally 
insulating hox. T hese three objecls c8('h ha\'c hea t capacities; they 
arc interconnected by thermal impedan(lCS, along \\ hich drops in tellI. 

perature ()Ccur, dependent on lhe rate of Iwa t flow and on the "alues 
of the thermsl impedanccs.1 Each of the three objects is also connccted 
to the amhient,surrolJllding the entire unit, by II thermal impedance. 

'1'0 reduL'C the fluctuations in a"Crag:l} heal flo\\ , the lUagnitude of 
"hich depends on the sensiti"ity of the th"rIl1081a1 and thermal im­
pedance between the thcrmQ;itat and heater, it is e\ ident that the 
thermostat should be as sensiti,'c as l)(ho,>oihlc and the thermal im­
pedance betw« n heater and thermos tat should be 10"', 

10. M. 1I .,.,. .... d. "Applica'i<Mt .. r Qo""K l' l.,n ,0 
M ... juT ..... ,""' .... " I'tw:. I .J/.. ,.~. \,.L :ro, /1, ... f>. 
lohr. 193:. p. 71>7. 

FICl>ME I. Sd .. ,malic rel,re$Cnlal;on of lem· 

Il<'rllture e<mlrol 'y~lem eo"'I>OIl(..J of " 
healer, 11,,, lI\ellll bol(o n. and II lhcrUl()l!lIlt, 

1', in 08 ill8111ating oonlu iuer. 
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GENERAl RADIO EKPERI MENTER 2 

To rf'd uee the {Iuctuations in tem· 
I,,·nl tun.· in tbe controllell space, the 
iml'cllance heh\ee n the controlled space 
and the therlll fol; tat should appear as a 
lo\\-pa~ ... thl"rrlHll filter , to remove tim 
larialions cau~d by the operating 
tempcrnlure llirTt'rential of the thermo· 
stal. In an elcllit' llt ary (orm , the metal 
wall of the Itox ~'n es this purpose . The 
fillI'ri ng action ('!111 be increased to 1.1 . 
lU06t nny tlc!\irc,1 .Iegree through the 
usc of multi-Ia~er \\nlls and through 
grafling or taperillg the distribution of 
materials forming the walt. ' 

The rema ining t.hermal impedances 
sholl III be as hi gh as poseible_ That of th/· 
hea ter to the ulIIlJienL de termines the 
IH )\\I!r loss, and tli(' cost of operat ion. of 
the uoit ; tbe initial cos t of lhe insulati ng 
N lltainer cnll therefore be fairl y high. 

The he a t capaci ties of the healer and 
tilermo",la t I'hOlllrll.tc 10" , so that ;;mall 
incre ment s in hea t encrgy supplied reo 
sult in i1l1rneti illi e chuuges in tempera· 
tllfO' at Ihe thermu;;tul. 

J.kcause of practical considerations, 
sud..! as the usc or s tundard for ms of re-

''Ii. /I..M .... Moon. ''The._u. I:""'." lOt F<eq ...... Y' S •• nd­
.r .... M P_. f. H. B._ \.,.L 16. "'0. 7, JulJ'.I9Z8.. p. 976. TW. 
."1<,,, """,." .. u.~fY I d . ....... ""' .... 1 _pc.deo 0' CO"'_ 
In"n ."ho ........ hk • ..,. .. , ..... oed '" _.It'''''';'''1 .. n'" of 
, ...... ...,..i,"ion. 
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sis tors for the hea ter, mountings for t he 
thermosta t , a ud mat eri als ror the unil , 
ll.e thermal impcdanl."cs which shoulll 
loe. negligibly small ca n ouJ y he hronghl 
to efft:ct ive U1inimurll l'alues. It is l he 
pllr~ or the rollowing diiIC uu ion 10 

indica te ho" the per(ormant;c can he 
improved by effec ti vely e(IU alizi..ng tem­
pera ture drops and by effecli l'cJy regu· 
lating the lIlu gnitudes of im lx:dllnccs 
by elect rical rather than mechanical 
mealls.3 

In order ror the thermQSlat to 0 l)l' r­
ale, tile alllOilUt of hea t encrg) re­
leased in the uniL, per thermostat. c )I?lc. 
less lhc cncrg} los t (luring the inpu t 
period mus t be, a t leas t : 

.1H = (11"'"; - Wo)PfJ "'" \lSoT (I ) 
where : 
W, = l{ate or heal cllcrg) illpul 

!Jeater "aU .. 
Ir/o = Illite or hea t enf' rgy ou tput 

Loss wu 118 
I' = ' I'hcrmostal period, seconds 
q = j<'raclion or the period tha I hellt 

is supplied 
/)(1 "ON" time, seconds 
AI ~lass associated "i th thermostat 
S Spe(;ilill hcat of .\1 

and 

6T ~ T""I~"" "ccdirr',,,"ia l "'I" i",,1 
to operate thermos tat.. 

The heat energy released per thermo­
s tat. cycle is: 

H ,,, = Wq)q" all seconJs (2) 
The heat energy Ifls t per thermosta t 

cycle mus t be the same, or else the tCIII' 
pCflIture of the un it would clmuge: 

lIo .. ~ = IV ,pq "aU second!!- (3) 

• \-. J . A"dn ... - n.. tlu' ln of T .... ".,...' ..... Ccoootrol /I. .. . 
., .... ,,,. ("" I· .. .., 0..:,11. ,.,..:' K ....... or Sc:"n,,/i< In ..... • 
."nto. \'01.~. :. ... 7. Sui, . !93: . p. 3 11 . 

t' lCliKH 2. P"rf"r",auce of th"rmO"1 .... under 
ooud;,;olls of no " o"er..l lOo t;ng" (j), /I co,, · ~ 
fi lanl ) an,1 co"~ t IlUl_ lo" Uler f>O"'er ( If'. _ Cf)U· 

Blant) (or " lIrying ... uhien! teml'erw tu O'1:. 

Copyri.ht.. L9«. G_II H.d;" Cow ...... , • 
~M_ .• U.S. /I. . 
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The energy lost du rill g the " ON" 
lime. or the frac tion q of the lo la l 
I",riod, 1'_ is: • 

qH'><1I = IV,p(f wa tt seconds (4) 
The tlet heal energy ill pili , l)Cr Iher-

1II081al eytle, is tlien 
61-1 IFif)q - lViI'''? wut! sec. (5) 

= IV;I1(} (1 - q) watt se ~ ·. (6) 
~ (W, - Wo),," (I ) 

Frum the las l two equations: 
fV, 

If = IV
i 

(7) 

The loes fro m the unit can be ex­
I'rcS8C~ 1 iu lerlllS of its comluc livi ly: 

Ir'"v = ) (1' - Ta) "'a Its (8) 
\\ here: 
J = i'orHJuc li,'ity of lhe unit to the 

ambient in walls per degree C. 
l' = tClIlpcnl lUrc of unil , cC. 

T. = amhien t temperat ure. ce. 
For It unit. IIpprox i l1latcl~' 9 inches 

cube. wi th balsa wOI)11 wo lls 1 ineh 
"... thick. J = 0.37 appl'Ox imalcl y. 

The ,-onduct;,·jl )' can he obtained 
:I pproxi malc ly by ca lculation frolll J = 

/01 1(/. where "- = conducti vi ty of Ihe 
wa ll mat erial. A is the a\'erag" of inner 
31111 ollter areas. and rI is the thicknel3s 
of the wnlls. Usually it is 1II0re sa t is­
fac tor} to de termine }Po Ly observing 
the operalion of the thermostat lInder 
knowlJ hcatrr power (Equation 7). 

Siuce the thermostat. operate;; between 
the sallie "ON" and "OF]~" tempera­
tures, AT (Equation 1) is constant, and 
consequent ly !l l-f is constant. This im­
plies thaI there is no " overshoo ting," 
tha t is. that M-f is no grea ter than that 
necessary to opera te the therlllos tat. 
\Ve can now predici the OI.ICratioli of 
the thermostat provided that we (Ie­
te rmine the heat energy increment, tlH , 
and the rate of heal loss of lhe unit . 
rro. 

Our ob \' ious interest would be to (Ie­
(ermine the performance for COJls tant 

A UGUST , 1944 

power input and ,'arying ambien t. telll ­
I>cratures. It wi ll be very userul 10 tle­
termine the performance for constant 
ambieu t tempera ture and varying I)Q\\N 

inpu t. for two reasons; first, observn­
lions a rc more easily cllrried ont and , 
second. "o\'ershooting" is readily t.1i ~­

closed . As will be brought ou t lat(' r. the 
I>crformancc of a unt t 1Il/ly be limitell 
as Uluch by "overshooti ng" as by large 
changes in amhiell t tem peral ure. 

Case I-C ons tant Powe r Input : 
Varying Ambient 

Since tl /-l is constan t ami IV; is co,, · 
s laot , " 'e have 
tlH / W,=pq(l - q)= tQ, a conStant. (9) 

The opera tion of the thermostat is 
shown in Figure 2, where the sign ifi. 
cance o( the constan t t~ is e\'idcnt. 

From (9), we can write 
" ON" t.ime = P'J = '<1(1 - q) 

" OF F" time = p (l - q) = to/q (10) 
and PEn 10D = JI = lo/q(1 - q) 

From (9), it is seen Ihal. for an tn · 
creased input pO\\I'r, to is ucercased , 
nnd thaI the thermos tat ~)Ileratioll ito 
s l>ccded up. 

Ca se II-Con s tan t Ambient ; 
Varyin g Power In pu t 

In principle, this case is cove red hy 
fi nd ing a val ue of /ij lor eneh value of 
input power, Wi, from E{luation 9. For 
each va lue of to, a set of cun'cs like 
those of Figure 2 is ohtainetl, but each 
set is to a different ;;calc. Ou euch se t of 
curves a single opera t ing point is fou nt! 
corresponding to the givell: fixed ambie)!l 
temperat ure. tlmt is, to the value of 
Woo The fi nal over·all eharncteri ~ til'5 

would then be the curves connec ting 
these operat ing poin ts. 

Prac ticall y, it is not necessary 10 plot 
the curves correspondin g to ead\ " 31I1e 
of Ctl. Instead . the operating points ('A U 
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GENERAl RADIO EXPERI MENTER 4 

be foulld as in the first caM', CM:C pt that 
there arc diffcrc nt \'a luc~ I)f to for .. ae-h 
l)(l inl. For tile fi'l;cd alllhient tempera­
ture. IVD is cons tan l. Tllncfore. silll"e 
the energy ine-r" 1I1cnl ~II is £on8tanl . 
the hea t ellerg-) 10 51 ,Juring the "O FF" 
time is COlls tanl. or 

Wol, ( l -
Ihe "O FF" tillw 

'1) = cons lant 
= p( l -f/) 

(11 ) 

= j'(,lOst ant (12) 

and ilH = ( Wi - lr"o)PIf = cons tant 
from which it is e"ident tllal . as I/"j is 
increa;;ed , the "ON" timc, In" mlTst 
J eCrtluS(!. 

It is ill'l>ortant to nole Equatiou 12; 
if, as the input 1.IOl. er is increa;;e(I, the 
"OF~"" time increases, it is po5itive evi· 
denoo of "overshootin1!:' 

Hcsults for this sec-ond casc life shown 
in Figure 3. 011 the basilO that M -I = 95 
wall ~e('onds and Ir v = 13 I,a ll s. As 
the rlO .... er input is ir1l'rcascd, lIote that 
Ihc pe riod dct:reas;.·s and Ihn l the " OFF" 
tillle re mains cOlIslalit. 

III Figure .~ arc ,,1101'11 thc IlCrforTn. 
am::" ("urves of a giv.·n tem peralure con· 
Irolunit . This unit wa ... COTll' lrUI· I,e .1 "ilb 
I he t lu:: rlllos lal IIIOIlIl\('d on I he outer 
face of the 1,0,;. Il, II il ll Ihe Iwat ers di,,· 
IM)SC(\ a round all six fac(';; o f Ihe box. 

• 0 • " 00 

~ 
, 

" , t--" , .. ", 
'00 -r-r -tt n 

" 
~~ .~ 

r:0: 2O , t-
< , 
<0" <0 • 
~ + Qf'f~pqI" 

" " " ~ 
, • , • , .. • " . - -

but not in direct thermal con tact \Ii th 
the walls of the hox .4 This j'ons truc lioll 
insures Ibat tbe avc.nlge eont rollcrl 
space lemperature will no t Ilepart 3p­
prec.iably from ,lie tllermoslat opera l· 
ing te mperature, The variations ill CO Il ­

troU;~d space te mperatllre, <IS 5ho"' l1 In 

Figure 4. are no t large, and for mUll) 

pur poses wou l(i not be troublesomc. Thc 
remainder of this discussi()ll is 41evo teri 

to red ucing these small variu tiolls 10 the 
grea lest possible degree, without mate· 
rially altering the m(.'Chanicu l rlesign of 
the unit. 

I t. is e \'idellt that the curves are not 
of the form expected from Figure 3. The 
period decrea;;es at first, as the hcater 
power is increased, the ll passes through 
a minimum and fin aily inc reases aga in . 
The "OFF" time increases, wit h in· 
creasing I)() .... ·er • .following the cllergy 
increment curve ; the energy incre mc nl 
is not constanl . The (IItcm!Jft cf)"lroJ/~J 

SI)(JCC temperatllre rises us the healer 
l)Ower is increasetl. 

This performance is largely rhm to ;. 
high thermal imrlCdaoce bc hlcclI 1114.' 
hc:ller!> and Ihe the rmostat. TITt' liver· 
ab'C controlled space tempera tu re, hein g 
a funClion of power input. Il ifl dHin ge 
with any fac tor causing a change in 
power input ; tha I is, either ambient 
lem peratllre dWI!!;f?S Qr Ii lie miluge elw IIb'€s. 
II will also be noti<''Ctl that , becausc of 
the delay in tem,)Crature rise a l the 
thermosta t (callsin~ the encrgy inerc· 
ment to be too large), Ihe "OFF" ti me 
mus t increase to allow this e:\ lra helll 
energy to esca pe. The "ON" mill \'Ol;-r" 
limes are conseque llll y \'ery long. 

• J. K. CI.~r. ''T~'''''''''' ~'e Co,,, ,,.' f .... ~·"".I ' ...... ·v " •• ,,,1· .,,1 •. " "'01;. I. 11.. t·., \ ',,1. 18. 1'1 ... 12. O"""m "';'r, 1?31l. 
111,.2003. 

F1Gl'RE 3. P!! rfortlum ce or IherrnOSlai under 
eondil ion~ of no "Q"!!~hooling" (!l l/ = co,,· 
813nl ) and oon;,Unt 3mbi!!,,1 temperalure for 
nryiog hellier powcr. If/i. :l ll ns" me(\ a8 95 

waU aecond ti ; Ir , llssmnoo ae 13 walIA . 
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Thi s IInit was modi fied by dismo un t-
-. iug the tllcrmostal (ro m the llIetal box 

(enclosing the COlllrollt·d s pace) allli 
suppor ting i l in s ilch II l}QSi lio tl th a t the 
con trolled tempera i lire \\115 about 63.5°C. 
(ins tead o f 6O.0°C., Ihe t hcrinoSlal. tcm. 
perat ure). A thermosta t hcal.cr, of the 
lowesl practica Lle therln al capacit y. 
was then wound dircclly o\'er the t lwr . 
IIlOSlat bulb. T he thermos tat hea le r 
power was then adjus lcJ so that the 
average oonlrollcd s pace \,cmpc raturc 
"as close 10 6O.0°C. The thcrmosl;ll 
heater ,\as (:olll1cclc.1 in parallel ,\jlll 
the main healers. 

This arrangemen t overcomes the higl . 
thermal impedance, be tween the main 
heater a nd thermos tat, by using a pro­
flOrlional amou nt of rlOwc r close 10 the 
thermostat. (Tile significance of the d if_ 
fere nces in t . .'ontrolled splu;e tempera tu re 
will be discussefl later.) 

The performance of th is arrllnge lllen l 
is shown in Figure 5. Irnrnc(li a lclr wc 
nOliee Ihal t he e nergy incre lllt: 111 all (1 
"OFF" ti me j'lIn'cs lire Ilearl y hori­
willal , rising sligllll.r only at Ihe high­
es t input 1)(Iv.ers. The per iod of the 
cycle decreases cOlltinuously as the in­
put l)(Iwer is increased. All times ha\'e 
been greatly red uced . The a\'Cl' lIgc con­
trolled spaf.."e telUpoCra ture is cons tant. 
wi I hin I he limits of accuracy of IIIcasurt'.­
menl. Com parison of Figure 5 ,,' itl l 
Figure 3 shows how closely thc pcr­
for mance follows the tbeory. 

"Overshooting" has bee n practk:llil y 
el imi na ted at all hut t he hi ghes t input 
powers. It must be borne in lI1ind that , 
for any givell construc tion, i f excessive 
inpu t power is used , "overshooting" 
can always be made to occur. 

rlGURI: 5. Performll",,:e cun'CS of /I givcn tCIIl­
Ilerature oon trol unil , modified hy red"cing lue 
thermal iml'edunce bel "'et:n Ihcrm(Mlal and 
healers, at conshnl a'01uienl lemperalure. for 
varyiug heater po..-er, W i. Compare ..-itu Fig-

ures 3 and 4, 

AUGUST , 1944 
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GENERAl RAD I O EXPERIMENTER 6 

SUR~AT 

THERMOSTAT 
TEMPERATURE 

F leURE 6. Sdu!rnatie rcprf'»!ntation ()f hea t Aow 
(rom a heater, 1-1,11",1 e<1"DI t('rnpf'ra l llrc "he ll s 

5urroumling t he heater. 

Uaving established a lUea ns o f pre­
venting"overshooting."we Ilex t consider 
the gradient condit ions in the unit. 
Turning to Figure 6. a St'ries of con· 
Slant temperature surfaces. a t e \'er)' 
IlOint perpend icular to the lines of hea t 
Oow, can be considered as surrounding 
thll hea ter . (I n an acl ual ull it. such sur­
faces would I.e verr complex. sincc there 
are gencraUy sevcral hea ter units.) The 
thermostat is on one such surfllce, corre· 
spond ing to Ihe ofM:ra ting temperature 
of lhe thermos tat. If t he metal box, B, 
is inside of, out side of, or Oil the thermo· 
stat surface, the gradient cond itions call 
be represcnted by Figures 7, 8, and 9 
respecti vely. 

]n Figure 7a, t he box is assumed to be 
on a cons tan t temperat ure shell lying 

inside of the thermostat shell as at n, 
Figure 6. At a given ambient te.mpera . 
ture, T Glt a certain amount of hea t nOW6 
through the thermos tat shell. Tbe product 
of this heat now and the illl])Cdance be· 
twccn t heshell and amhientis t.he teml)Cr· 
ature drop frolll the shell to t.he am.bient, 
'1'- "~\. N ow if the ambient ch anges to 11 

hi gher value 1'.2, the heat fl ow must be 
reduccd. since the impedance docs n OI 

change, The average hea ler temperature 
mus t therefore be reduced, with an ac­
companyin g proporti onal reduction in 
temperature oC the box, n. lu t his case, 
as the ambicnt temperature ri.ses, tile 
controlled space temJJI! ra tureJalls. 

Similar considerations apply to Fig­
urc 7b, except that , as the ambient rises, 
lhe controlled Sp81.,() temperature Illso 
rises. 

If the !Jox, B, is !Jrought to the tem­
perature of the thermostat she ll as at BI, 
Figure 6, or vice versa, there should IJI! 
no change in controlled space tempera ­
ture with changes in ambient. (Figure 
71;) . Thi!'o I~an be accomplisbell Ly IIlO\,· 

ing the objects ill the asscmLI) relati ve 
to each ot her. or by effccti vel,. moving 
them through the use of a thermosta t 
hea ter . 

Final Ildj uslllIent o f the thermostat. 
heater power is the ll Illade on the basis 
of redw.:ing the changes in COUIrolle4J 
s pace te mpe rature, with a mbi e nt 
changes. to 1.ero. I f the thermos tat 

FICUlIg 7 (a , h. e ). Schcma t iC rel)resenHltion o f gradicnt CQndi t iQna, wi th cha nge of a llll.icn t 
tcmperatu re. fur va ri.,us relative p~it ioll8 of hea ter. If, CQnt roll e<J space. 11. and tbe rmo;sta t. T. 

H 

e -- T,e 

Ta, -_ To~ 

Ta, Ta, 

0. b c 
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healer power is too small , conditions 
oorrespolld to Figure la; if too large, to 
Figure 7b; sud if correct. to Figure 7c. 
:\leasure llle nL of the controlled-space 
temperature for two or more ambient 
temperatures and for different thermo· 
stat heater p(Mcrs wiJl disclo;;e the 
po,,'cr fo r which (IT/ fiT" = O. The small 
readjustlllent required to bring IhiB 
about does not appreciably alter the per­
formance 8ho,,'0 ill Figure 5. 

Tests on the unit described in l'onnec· 
tion ,,-ith Figure 5 gave the following 
n:sulls: 

AUGUST, 19U 

Thermostat Heater 
'Power - \VlIlll! 

0.090 
0.06'1, 
O.O'~5 

J'I'/II '/~, 
+ 0.018 
+0.0022 
- 0.016 

Elimination of " ow:fshooli ng " and 
proper adjus tment of the thermostat 
heater power red uced the changes ill 
COli trolled spa(,'e tc ltll>eru ture by nearly 
100 to 1. With the thermostat healer 
l)Ower at 0.064 wa lls, changes in ambi· 
ent are reduced by 0.0022 or to 1/ 450111 
within the con'rolle{1 spate. 

- J . K. Cl.AI'I · 

STANDARD FREQUENCY BRDADCASTS 
• A NEW S C HE 0 U lEfor broad· 
cas t.s of standard freq uencies and stand · 
ard li me intervals was announced by 
tbe National Bureau of Standards 011 

\Ia) 22, 1914. 
"Tllis sen ' ice rOl11prises the broad· 

tasting of standard frc(lucncics and 
stand ard time intervals from the Bu· 
reau's radio s talion WWY l1ear Wasi l­
lllgton, 0, C. I t is continuous a t all 
limes day and oight. fro lll 10-kilowall. 
radio transmitters ex(.'Cpt ou 2500 ki lo­
cycles per second where 1 kilowatt is 
used. The services indl1uc: (1 ) standard 
rad io frequencies, (2) standard time in­
tervals accurately syncbronized ... Atb 
lIasic time signals, (3) s tandard audio 
freq uencies, (4) s tandard musical pitch , 
440 cycles per second , corresponding I(J 

" aho\'e 111iddle C. 
"Tile s tandard frequency broadl;ast 

service makes \\idely nva ilable the na ­
tional s tandard of frequency , which is of 
value in scientific and other 1J1easure· 
mente re(luirillg an accurate frequency. 
A n) desi red frequency may be measured 

_ in terms of allY ouc of the stalldllrd fre­
quencies, ei ther audio or radio. Tlus 
JIlay be doue by the ajd of hartllouics 

anti beal ,;;;, IIi l11 one or more auxili ary 
uscillator'" 

"Al least three rad io carrier frequen. 
cies arc on the air al a ll tiUles, to insure 
rdiahle coverllge of the Unit ed States 
and other parts nf the Iwl'ld. TIIf' radiu 
frequencies are: 

2.5 megacydes (= 2500 kilocycles 
= 2,500,000 cycles) per second, 
broadcast fr01ll 7:00 P.M. to 9:00 
A.A'!., EWT (2300 to 1300 GIH''f). 

5 megacydes (= 5000 ki locycles 
= 5,000,000 cycles) per second, 
broadcast contin uously day ami 
night. 

10 megacycles (= 10,000 kilocyclcs 
= 10,000,000 c;ycles) per st."Contl, 
hl'onrlcast j'olltinuo)usly Jll y and 
night. 

15 111cgacyclcs (= 15,000 kilocycles 
= 15,000,000 cycles) per second. 
broadens l from 7:00 A.J\ 1. to 7:00 
P.M., EWT (1 100 to 2300 GAn '). 

"Two standarcl audio freqllcncie~, 440 
cycles per second and 4000 cycles IlCr 
secolHI, are broadcast 0 1.1 the rarli. , 
carrier freque ncies. Doth arc broadcast 
contiuuously 011 10 and 15 meg-acydes. 
Bolh arc on tbe 5 megacycles il.l the 
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da) t illie, hut ulI l~ Ihe 110 is 0 11 1114~ 

5 Illtg:at~(' les fro m 7:00 r .:\1. I II 7:00 
\ .M ., ~WT . Onl.1 tl w ·' HI i§ ou llw 2.5 
lIlegae) deE;. 

" T he 110 c)I' leil pe r Iot.'cond i8 the 
;;tamlanl lIIu~k(. 1 pilch. r\ abO\'j~ lIIithlle 
C; the Hloo c~cles per second is a use ful 
Si alldani uudio frf'(IUC" C}' for lahoratorJ 
Ineusurenw nt iS. 

" 111 adtli tio ll Ihere is Oil all carrier fre· 
{luc l1I'ieiS a pu lse of O.OOS·second .Iura · 
tion whil'h Ol'curS li t inlen als o f pre· 
,;i;;,"} O lio.' &,:o"olHL T he pulse eOlls i:;: ts o f 
5 cydes. cal'h o f O.OOl·second llurlltion, 
lUHJ is heanl a::; a fa inl ti,·k " he ll lis len· 
ing t,o the brOlHlcll~l: il prOl ;(Ies a useful 
staullanl of li tlle in len ai , for 1'IIl' ,,IOSCS 

of ph} sicul measurt·meul s. and ma), Lc 
US(:ll a,;: an ael'llra le ti me s ignal. On tile 
591h sct'ond of e W I'} rninu!I' the pulse 
is omilted. 

" The au,l io fl'e/luclleie!! are inter · 
rupt ed pred"d) on t he hour and cuch 
lil'e lII illutes thereafter: ufter un inl,en -al 
of precisely one minute t hey are re· 
sm ned. This olle·millu tc ;uter val is pro · 
vide ,1 ill ortler to giH: the station an · 
nounC(! fIl t' li t alld to a ITonl an int erval 
fOr the chct·J.. ing of rac.l io ·frc(IUency 
mcasure men ts frec frOIl! the presencc nf 
the al ulio frc'l ut' ,w ics. The announce· 
mcnt is the ~tat ion ,'a ll te Uers ( WWY) 
in telegraphi'· "ode (dots und dasheil), 

c..\ccpt at the hour and hul{ hour \\he n 
u (Ie tailed ut.lllOUlleemcnl. is gi ve n by 
voice . 

" The accuracy of all the frcque ncies, 
radio and audio, li S trutlslllined, is oot· 
ler Ihan a part in 10,000.000. Trans mis­
sion c ITects in the. medium (Do ppler 
e ffect, e le.) may rcsul t a t timcs in sli ght 
fluctuations in the audio frequencies as 
rCl:c ived ; the a\'crage frequeuey reo 
ceived is, howc \'er, as aceurat.e as tha t 
trans mitted. The timc inter val LUurkc(1 
IJ) the pulse every second is acc ura te to 

0.0000 I sceond . The I·minute. 4 ·lIIinlite. 
and ,'l.minuw intervals, synchronized 
"ith thc sceouds pulses aud marked hy 
the. hcginnin g or ending of lhe pe riods 
' I he n Ihc aU/lio frt'<Jucncies IIrc off, ure 
accurate to II purl ill 10,000,000. 

" The beginnin gs of the pcriQl.ls when 
till' lIudio freque ncies nrc o ff arc so syn· 
"IJronizcd with Ihe basic time ser l' iee· of 
tlu; U. S. N uval Obse rvatory thut the}' 
marl... accuratel y the ltour and Ihe sue­
l'essi\C 5 'lIIinu tc periods. 

"or the l'a(lio freque ncies on the air 
at II given time. Ihe lowest provides 
S{' r vic,' 10 short distances, and Ihe high ­
cs t 10 great dislances. Heliable rece ption 
is in ge neral possible a t all t imes 
throughoul the United S ta les and the 
North l\tlanlie OceaJI , a nd fair n 'cc p· 
lion throughout the "orld ." 

TilE Gel/ emf U(l(fio I::,\I'I~'1UMEN1'E/( i s mailed wit h out. c/wrge f!f.,ch mOllO, 
LO ellgin eer:ol, scienl.is l.s, Icc liuic ifUlS, U/U/ oth ers interested in comm.uni­

Ctll iolt-j rC(IU etli;Y m cusu relltelil. (lnd control problem s . IPhe n s ending 
r f' '1u eMs jor I< l.Ibscrjptiml ,~ IIlI.d rlddre.~ ,~-dHi llge noLices, please .~lIpply t.he 
{ol/uu-jll g i"j ur"wtio ll: nome, comJ)(UlY WIlIle . COIII I )(UfY (,delre :ots, ty pe oj 
iJll s iness compu ll y is ttll ga ged ill. (It.el title oj position of j,/lliddfl.tll. 
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