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to K E E P  your job — 
or IM P R O V E  your job?

If you are, then CQ is your best friend. I t aims to make 
articles available to you each m onth th a t will improve 
you in your chosen field. A finer, clearer, better, percep­
tion of w hat the Commercial man is, and aims to be is 
even more essential now than  ever.
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B igger, Better Jobs A re Conning
AND THEY’LL BE GIVEN FIRST TO THE 

MATHEMATICALLY TRAINED MAN!

SEND NO MONEY
EX A M IN E TH ESE BOOKS FOR 10 DAYS FR E E  

MAIL THIS COUPON

Industrial recovery is cn the way. Jobs, contracts will soon be 
waiting. Employers are looking for executive type men to take the 
reins as business climbs up. Are you ready for this once in a lifetime 
opportunity to advance yourself? Don’t wait. Prepare now for an 
important job by mathematics training. Mathematics is the essential 
foundation without which you haven’t a chance to get out of the 
rut. It is the language and the principle tool of all science and of all 
business or industry based on science. You need it to solve technical 
problems; to improve, speed up and check on your work and the 
work of others.

At Last! Mathematics Self-Taught This Simple, Easy Way!
New you can have this easy method which has. been worked out 

by an expert for those who do not wish to give the time and money 
required by other methods of mathematical study. A very simple 
and extremely interesting group of books has been prepared for you 
by a man who has devoted his life to teaching practical men the fun­
damentals of this important subject.
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mathematics and show you how simple it is when an expert explains 
it for you. In no time at all you will be tackling with ease the most 
difficult question on this subject.

AN EXPERT’S SIMPLIFIED METHODS

Mr. Thompson, the author of these books, has had many 
years ’ experience in mathematical training. He presents 
each practical method and problem in the clearest, simplest 
way. He gets right down to the kind of information that 
you need in your daily work.
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Editorial
W2XV RECOMMENDED SILENCED

A n u n u su a l case is p re sen ted  in th e  F e d e ra l 
R a d io  C om m ission h e a r in g  on ren ew al license 
ap p lica tio n  of S ta tio n  W 2XV, in th e  nam e of 
T h e  R ad io  E n g in e e rin g  L a b o ra to rie s , Inc., Long 
I s la n d  City, N. Y.

T he case  cam e up fo r  hearin g , an d  Mr. C. 
B u te m a n  ap p eared  fo r th e  R adio  E n g in e e rin g  
people to  ask  fo r  a n o th e r  an d  la te r  h earin g , a s  
M r. S rebrcff, P re s id e n t of th e  firm  w as to  a d ­
d re ss  th a t  d ay  a  m ee tin g  of the  police h ead s 
of m u n ic ip a lities  in  th e  S ta te  of N ew  Je rsey . 
I t  does no t ta k e  m uch  v isu a liz in g  these  d ay s 
to  u n d e rs ta n d  th a t  Mr. S rebroff believed he 
w ould  lose an  o p p o rtu n ity  to  sell som e of his 
m erch an d ise  if he w ere  no t p re sen t in N ew  
Je rse y , w hile  th e  h e a r in g  fo r rem oval of h is 
p e rm it w as  elsew here.

H ow ever, if we w ere  to  jud g e  from  th e  re ­
p o rt, it w ould seem  th a t  th e  h e a r in g  w as  to 
co n sid er o th er th in g s  th a n  th e  w ay  in w hich  
th e  license of S ta tio n  W 2X V  w as hand led . S ta ­
tio n  W 2X V  it w ill be u n d ersto o d  is an  ex p e ri­
m e n ta l license usin g  65 a n d  34 m eters.

W itn esses  fo r th e  C om m ission  w ere  p re sen t 
w ho cla im ed  th a t  m erch an d ise  of R ad io  E n g i­
n e e rin g  L a b o ra to r ie s  in  th e  fo rm  of rad io  t r a n s ­
m ittin g  equ ipm ent h ad  been found in ra id s  on 
la n d  h id e -aw ay  w ire less  s ta tio n s , as  w ell a s  
ru m  ru n n e rs , an d  c o n ta c t boats . The in ference  
of co u rse  is th a t  th e  a p p lic a n t m u st h av e  sold 
th is  a p p a ra tu s , b u t it is a lso  tru e  th a t  th e  firm  
h a s  jo b b ers  all over th e  coun try .

T he ex am in e r recom m ended  th a t  th e  license 
be n o t g ran ted . W ith o u t ta k in g  issue on th e  
w e t o r d ry  side of th e  case, it is r a th e r  h a rd  
fo r  u s  to  see th e  connection  in th is  case, and  
in  o u r hum ble opinion, shou ld  the  F e d e ra l R ad io  
C om m ission  a c t on th e  reco m m en d atio n  w ith o u t 
a  new  hearing , i t  w ould  seem  th a t  C ongress 
in  p a ss in g  the  F e d e ra l R ad io  A ct w en t fu r th e r  
in  its  licensing  th e  C om m ission to  a c t in its  
p lace  a n d  stead  th a n  it o r ig in a lly  in tended .

SHIP AND AVIATION MAIL

SUBSIDY INVESTIGATED

T h ree  m onths, one of w h ich  h as  a lre a d y  been 
u sed  up, is the  tim e g iven  to  a  S enate  in v es ti­
g a tin g  com m ittee to  look in to  a ir  m ail an d  
ocean  m ail sub sid y  c o n tra c ts  g ra n te d  by  th e  
H o o v er ad m in is tra tio n .

T he C om m ittee is h ead ed  by S en a to r  B lack, 
of A labam a. C h arg es h av e  been flying fierce and  
th ic k  on th is  subsid y  m a tte r . A m ong these  
c h a rg e s  is th a t  o f lobby in  b eh a lf  of subsidy  
leg isla tio n , use of th e  m oney to p ay  loans, d is­
in c lin a tio n  to reduce  o p e ra tin g  expenses w ith  
th e  free  flow of g o v e rm en ta l m oney, an d  even 
th e  d ire c t accu sa tio n  of susp icion  of frau d .

August, 19SS

W ith o u t a  doub t ocean  sh ipp ing  h as  been h a rd  
p ressed . I t  is sa fe  to  sa y  th a t  in th is  d a y  of 
re co n stru c tio n  th e re  is p len ty  of room  fo r  r e ­
co n s tru c tio n  there . A s to  how  m uch go v ern m en t 
m oney is to  be used, no one h a s  a  b e tte r  r ig h t 
to in v es tig a te  th a n  the  S en a to ria l C om m ittee 
w hich  w ill h ave  a  g re a t  influence on e ith e r  
c an ce lla tio n  or c o n tin u a tio n  of these. C e rta in ly  
am ong  the  rad io  f ra te rn ity , th is  C om m ittee w ill 
see no sp lu rg e  of spend ing  in the  p ay m en t of 
s a la r ie s  of sh ip  rad io  o p era to rs . S a la rie s  of the  
o p e ra tin g  sta ffs  on the  b o a ts  them se lves h ave  
surrely been s la sh ed  in acco rd an ce  w ith  the 
tim es, so m uch  in fac t, a s  to m ake it  a p p e a r  
th a t  it h as  a lre a d y  gone too fa r.

In  th e  flying field a  r a th e r  d ifferen t p ic tu re  
is p resen ted . W ith  th e  conso lida tions, re -o rg a n i­
za tio n s , etc., th a t  a re  going on U ncle Sam  is 
c e r ta in ly  en titled  to  look w ell w here  h is a ir  
m ail subsidy  m oney is going. L e t him  try  to 
find a n y  s a la ry  spend ing  on th e  p a r t  of the 
firm s to th e  u nderling . F ro m  our co n tac ts  w ith  
th e  m en w ork in g  in th is  field, he w ill no t find 
it going to th e  rad io  o p era to r. V ery  likely  he 
w ill no t find it go ing  to th e  g en era l w ork ing  
staff. I f  he can  an d  does find th e  m oney going 
to the  officials, d irec tly , or in d irec tly , it  is w ell 
tim e th a t  a  com m ittee be ap po in ted  to  p o rtion  
th ese  c o n tra c ts  ou t p a rce l a t  a  tim e, o r a t  lea s t 
to recom m end to  th e  S en a te  itse lf  th a t  it be 
po rtio n ed  ou t p a rce l a t  a  tim e to  such  deserv ing  
ou tfits  as  a re  en titled  to it. T h is w ill a t  le a s t en­
cou rag e  such firm s a s  a re  on th e  “up an d  u p ,” 
an d  c e r ta in ly  p ro p e rly  d isco u rag e  such  o th ers  
a re  not.

YOUR OPERATING LICENSE
T he R ad io  C om m ission h as  show n a  rea l 

sp ir it  of a s s is ta n c e  in m an y  cases of ren ew al 
T here  is ab so lu te ly  no reaso n  fo r  a  com m ercial 
t ic k e t to  expire.

As h as  been po in ted  ou t in p rev ious issues, 
the  new  ru les  s ta te  th a t  a  ren ew al m ay  be h ad  
if ap p lica tio n  is m ade in tim e by m ere ly  filing 
an  affidav it a long  w ith  th e  ex p irin g  ticket. I t  
is u n fo r tu n a te  to h e a r  of cases w here  m en have 
been lax  in th is, w a itin g  u n til a f te r  ex p ira tio n  
date . The ru lin g  is th a t  th e  ap p lica tio n  m u st be 
m ade a t  th e  e x p ira tio n  d ate , o r befo re  th a t  
da te , NOT a f te r . I f  you w a it  th a t  long you 
w ill h ave  to  be re-exam ined , an d  m ay  lose your 
tic k e t e n tire ly  on th e  exam in a tio n .

To show  how  f a r  th e  Com m ission is w illing  
to  go on th is , it w as  recen tly  decided th a t  an  
o p e ra to r  now  blind, could be exam ined  a t  h is 
own home. T h is is an  ex cep tional case, b u t it 
show s th a t  if you hav e  a  special case, you w ill 
find th e  C om m ission bo th  sy m p a th e tic  an d  re ­
ceptive. J u s t  because you m ay  no t be usin g  the 
tic k e t now, does no t sa y  th a t  you w ill n ev er 
need it. So keep it ac tiv e  by keep ing  it up to 
date .
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PRODUCTION AND UTILI­
ZATION OF MICRO-RAYS*

By A. G. CLAVIER
Les Laboratcires, Le Materiel Telephonique

F ig . 1—M icro-Ray O scillating Tube

The re a d e r  w ill reco llect the  s ta te ­
m ents w hich  ap p ea red  bo th  in the d a i­
ly an d  tech n ica l p ress  a f te r  the su c­
cessful d em o n s tra tio n  betw een D over 
and C a la is  on M arch  31st, 1931, of th e  
dup lex  te lephone link  o p e ra tin g  on a  
w aveleng th  of the  o rd e r  of 18cm. T he 
success of th is  d em o n s tra tio n  m ade en­
gineers en gaged  in th e  com m unication  
a r t  rea lize  w h a t p a r t  these  very  sh o rt 
w aves m igh t p lay  ev en tu a lly  in th e  
gen era l sys tem  of com m unication .

A n o rd er h as  since been received fo r 
a p e rm a n e n t link  o p e ra tin g  betw een 
the ae rod rom es of L ym pne an d  St. 
In g lev ert acro ss th e  S tra its  of D over. 
T his w ill be the  firs t com m ercial a p ­
p lication  of the  system .

A descrip tio n  of th is  link  w ill be 
published in th e  n e a r  fu tu re  in E lec­
tr ic a l C om m unication , b u t it w as fe lt 
th a t  a  p ap e r dea lin g  w ith  the  m ethods 
used  to p roduce o sc illa tions of a w av e­
leng th  sh o r te r  th a n  20 cm. w ould be of 
im m ed ia te  in te re st. T hese w aves have  
come to be g en e ra lly  know n u n d e r th e  
nam e of “m ic ro -ra y s” an d  we w ill use 
th is  te rm  th ro u g h o u t th is  tex t.

♦R eproduced from  an d  by co u rtesy  of 
E le c trica l C om m unication  (Ju ly , 1933).
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T he m ain  p ro p e rty  w hich  d is tin g u ish es these 

w a v e s  from  the longer ones copies from  th e  fa c t 
th a t  use m ay  be m ade of phenom ena w hich a re  
m o re  com m only considered  a s  optical, such  as 
reflec tion , re fra c tio n  an d  d iffraction .

T h ere  is of course  no sh a rp  upp er lim it to the  
w av e len g th  of m ic ro -ra y s  ; we have  m en tioned  
20 cm  sim ply because  fo r longer w aves th e  
d im en sio n s of reflec to rs becom e so la rg e  a s  to  be 
im p ra c tic ab le  o r too expensive. In  fac t, even 
fo r th e  very  sh o r t w av e len g th s w hich  we a re  
considering , th e  d im ensions of th e  electroop- 
t ic a l system s which* can  be used  rem a in  m uch 
sm a lle r  in resp ec t of th e  w av e len g th  th a n  th ey  
w ould  be in th e  lig h t spectrum . I t  is, on the  
o th e r  hand , v ery  easy  to  .obtain  po la rised  sources 
in th e  shape of h a lf-w a v e  an ten n ae . Indeed  it 
m a y  be said  th a t  th e  tech n ic ian  finds h im self in 
th is  field h a lf-w a y  b etw een  optics an d  ra d io ­
e lec tr ic ity .

1. Description of the Tube Structure
T he tube used  is m ad e  o f th ree  e lec trodes h a v ­

in g  a  cy lind rica l sy m m etry . The filam en t is the  
a x is  of the s tru c tu re  an d  is m ade of pu re  tu n g ­
sten . A helicoidal e lec trode  is cen te red  on the 
fila m e n t and is m ade of som e 20 tu rn s  of tu n g ­
s te n  w ire. I t  is ca lled  th e  “osc illa tin g  e lec tro d e” 
fo r  reaso n s w hich  will be exp la ined  la te r . The 
e x te rn a l  electrode is a  m olybdenum  cy linder 
a n d  w ill be re fe rre d  to a s  the  “reflec ting  elec­
tro d e .”

T he tw o ex trem itie s  of th e  o sc illa ting  e lectrode

F ig . 3—Testing Stand for M icro-Ray Tubes

August, 1933

a re  connected  to a  tran sm iss io n  line w hich  leads 
to s; me so r t of ra d ia tin g  elem ent. The sim p lest 
case is w hen the tra n sm iss io n  line is of th e  
p a ra lle l cond u c to r type an d  th e  r a d ia tin g  ele­
m en t co n s titu te d  by a sm all leng th  of w ire  
p laced  a t  r ig h t an g les to the  tran sm iss io n  line.

W hen  th is  sy s tem  is co rre c tly  a d ju s te d  th e re  
is a  c u r re n t m ax im um  in th e  ra d ia t in g  elem ent.

T his elem ent rem a in s sm all as com pared  w ith  
th e  w aveleng th  and functions as  a  th eo re tica l 
“doub le t.” T h a t is to sa y  th e  am p litu d e  of th e  
h igh  frequency  c u rre n t is su b s ta n tia lly  th e  
sam e in a ll p o in ts of th is  doublet a t  an y  p a r ­
tic u la r  tim e.

E x p erim en ts  show  th a t  w hen th e  tra n sm is ­
sion line rem a in s  sh o rt th e  ra d ia tio n  of the 
doublet is p red o m in an t and  a ll o th e r  ra d ia tio n  
effects in th e  sy s tem  m ay  be considered  as  sec­
ondary .

A positive vo ltage  E« of ab o u t 250 vo lts is 
app lied  to th e  o sc illa tin g  electrode by m eans 
of a connection  w hich  is p laced  p erp en d icu la rly  
to th e  doublet a t  its  m iddle point. The reflec t­
ing  e lectrode is p o larized  by m eans of a  b a t­
te ry  E r n eg a tiv e  w ith  resp ec t to  the  filam ent 
balttery  w h 'ch  is an  o rd in a ry  6 vo lts A b a tte ry .

A schem atic  of the  tube  s tru c tu re  is show n 
in F ig u re  1 an d  a  p h o to g rap h ic  view  in F ig u re
2. F ig u re  3 show s the  a p p a ra tu s  w hich  h as been 
used to s tu d y  th e  p ro p e rtie s  of th e  tube  and  its  
doublet. The p resence of o sc illa tions is p roved 
by a  w av e-m eter w hich  h as a  v ery  sh a rp ly  
tu n ed  c ircu it. A d escrip tion  of th is  w av e-m eter 
w ill be found in th e  F e b ru a ry  1932 num b er of 
L ’Onde E lectrique.*

2, Production of O scillations
The o sc illa tions a re  a lw ay s produced  in th e  

p a r t  of th e  s ta tic  c h a ra c te r is tic  cu rves of the  
tube  co rrespond ing  to th e  vo ltage  s a tu ra tio n  of 
th e  filam ent by th e  D.C. vo ltag e  of th e  o sc illa t­
ing  electrode.

The e lec trons a re  a t t r a c te d  by the  positively  
po la rised  o sc illa tin g  electrode. A c e r ta in  nu m ­
ber fa ll d irec tly  on th is  electrode. O thers tra v e l 
th ro u g h  the  m eshes of th e  osc illa tin g  electrode 
an d  fa ll in to  th e  space betw een  the  osc illa ting  
e lectrode an d  the  reflec ting  electrode T hese 
e lec trons a re  su b m itted  to a  re ta rd in g  field, lose 
th e ir  speed an d  finally  tu rn  b ack  to the  osoilat- 
tin g  electrode. On th e ir  w ay  back, som e fa ll 
ag a in  on th e  w ire  of th e  osc illa tin g  electrode, 
w hile o th e rs  reach  th e  filam ent reg ion  an d  a re  
no t d is tin g u ish ab le  from  o th e r  e lec trons w hich  
leave the  filam ent fo r th e  firs t tim e.

N eg lecting  a ll in itia l velocity  effects an d  space 
ch a rg e  effects we w ill now show  th a t  w hen a 
h igh  frequency  v o ltage  a p p ea rs  along  th e  oscil­
la tin g  elec trode  th e  to ta l num b er of e lec trons 
w hich  fa ll a t  an y  po in t e ith e r  d irec tly  or a f te r  
being  reflec ted  w ill no t a lw ay s be th e  sam e an d  
th a t  a t  any  po in t of th e  o sc illa tin g  electrode 
th e re  w ill consequen tly  be a  leak ag e  c u rre n t 
m ade up of an  a v e rag e  D C. valu e  an d  a  h igh  
frequency  com ponent w hich  w ill not be in phase  
w ith  the  o rig in a l h igh  frequency  vo ltag e  along  
th e  o sc illa tin g  electrode. I t  is th is  dephased  leak ­
age  c u rre n t w hich  m akes it possib le to su s ta in  
th e  u ltra -s h o r t  w ave o sc illa tions w ith in  th e  
tube.

3. Case of Plane Electrodes
L et us firs t consider the  sim p ler case w hen the  

ca thode an d  reflec ting  e lectrode h ave  th e  shape  
of p a ra lle l p lanes. The osc illa tin g  electrode is 
m ade of w ire  in a  p lan e  p a ra lle l to  th e  o th e r  
e lectrodes. L et us call r a th e  th ick n ess of the 
cathode, r 0 the  d is tan c e  from  th e  ra d iu s  to the 
o sc illa tin g  electrode, and  r  an y  ra d iu s  betw een  
r a an d  r 0. A lthough  r a p lay s no p a r t  in the  p lane
---------  (C ontinued  on P ag e  15)
*R. H. D arbord , “R eflec teu rs e t L ignes de T ra n s ­
m ission  p our O ndes U ltra -C o u rte s .”
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DO YOU REMEMBER W H E N -...
The Author: VOLNEY G. MATHISON

Had the Jinx of the Bobolink?

“Q -S-T- ! Q -S-T- ! To a ll sh ips an d  s ta ­
tio n s ! T he la rg e s t lan d slid e  th a t  h as  ta k e n  
place since th e  open ing  of the  P a n a m a  
C anal o ccu rred  a t  tw o o ’clock y e s te rd a y  
m orn ing , w hen the  side of C u leb ra  C ut caved  
in  fo r a  d is tan c e  of one an d  o n e -h a lf  m iles, 
filling th e  C anal com pletely  w ith  debris. The 
slide is a t tr ib u te d  to  e a r th  e ru p tio n s  in the  
can a l bottom , w hich  have  been u n p rece­
den ted . All av a ilab le  dredges, scoops, an d  
san d  su c k e rs  have  been d isp a tc h ed  to th e

w est co as t of C e n tra l A m erica  on th e  m orn in g  
of Ju ly  16, 1923.

E v e ry  o p era to r, ta k in g  the  s ig n a tu re  of N BA , 
affixed to th is  b ro ad cas t, a t  its  face value, de­
livered  th e  m essage  to h is cap ta in , and  th e n  
m ade h a s te  to  re la y  it. F o r  d ay s th e re a f te r  th e re  
w as confusion  an d  u n c e r ta in ty  in m an y  s te a m ­
ship  offices, an d  pandem onium  on the  air . A 
th o u sa n d  f re ig h te rs , ta n k e rs , an d  p assen g e r 
lin e rs  bound fo r tr a n s i t  th ro u g h  U ncle S am ’s 
big d itch  jam m ed  th e  e th e r  w ith  ra d io g ra m s to

l ie  sits down in my chair and sticks on my phones.’

scene, b u t the  tim e th a t  w ill be req u ired  to 
c lea r th e  cu t is im possible to foresee. Ail 
vessels en ro u te  to th e  C anal shou ld  im m ed­
ia te ly  rad io  th e ir  hom e offices fo r in s tru c ­
tions to re fu e l an d  ta k e  sufficient supp lies 
a t  C ristobol or B a lb o a  to enab le  them  to 
proceed to d e s tin a tio n s  v ia  Cape H orn .

“J. N. BELLO C , 
“M ilita ry  G overnor, C anal Zone.”

I  believe th a t  every  sea-go ing  b ra ssp o u n d e r 
in  th e  w orld  e :th e r  copied d irec tly  or h ad  re ­
lay ed  to  h im  th is  m y ste rio u s  fo rged  rad io g ram , 
w hich  w as se n t ou t from  som ew here  a long  th e

a g e n ts  an d  hom e offices req u estin g  o rd ers  ; a  doz­
en sh ips hove to in m idocean  to a w a it th e ir  
an sw ers  ; sev era l tu rn e d  b a c k ; o th ers  changed  
th e ir  cou rses fo r th e  S tra its  of M agellan , an d  
one of these  la s t ev en tu a lly  m et d es tru c tio n  
upon th e  rocks, in essay in g  th a t  w in try  b lizzard - 
sw ept p assage .

A t leng th , defin ite w ord  follow ed th a t  th e  
ra d io g ra m  w as a  fo rg ery , a  m alic ious joke, an d  
th e re  w as peace again , a lb e it an  an g ry , revenge- 
th irs t in g  peace th a t  w ould h a n g  the  fak er. T hen 
fan cy  th e  s t ir  w hen it  w as la te r  b ro ad cas te d  f a r  
arid w ide th a t  the  p e rp e tra to r  of th e  ill-con-

“ C Q The Commercial
Radio M agazine
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ceived je s t h ad  been ap p reh en d ed  in the  person  
of one Sam uel Jones.

Som e sort of an  in v es tig a tio n  follow ed ; b u t 
since th e  subsequen t fa te  of Sam uel Jo n es seem s 
to be unknow n to the  g e n e ra l public, I feel th a t  
ju s tic e  req u ires  the  se ttin g  fo rth  of som e of the 
ins a n d  outs of th is  a m a z in g  m a tte r . A nd now 
le t m e su rre n d e r  th e  helm  to  Sam uel Jo n es h im ­
se lf—an d  you’ll find h e ’s no t the  d en sest an d  
d um best.

“W hen  the S teel B obolink  b acks slow ly out 
of . h e r  berth  a t  P ie r  37 I s ta n d s  over m y su it­
case  a n ’ sea-gab  a n ’ m ops m y face  w ith  relief.

“T h a n k  crim m iny , I ’m off to sea  a g a i n !’’ I 
m u .fe rs  to the  ra in b o w -tin te d  am plifier tu b es of 
m y p r iv a te  th ree -s tep s , a s  I proceed to ta c k  up 
m y license in th e  co rn e r  a longside  the  lig h tn in g - 
sw itch . “M ay a  h a lf-m illio n -v o lt h igh  tension  
line d ro p  on m e if I ev er m onkey w ith  a  shore 
job  a g a in  !’’

“W h a s sa m a tte r  w ith  sho re  jo b s? ” in q u ire s  
Z iegfield  Stubbs, th ird  a s s is ta n t  eng in eer of the 
B obolink , who h as  com e up topside to  tr im  the  
big red  th ro a ted  v e n ti la to rs  a b a f t  th e  rad io  
shack .

I  rep lies, b riefly , “T ried  in s ta llin ’ a  g an g  of 
w im m en  b ra ssp o u n d ers  fo r  a  bughouse s te a m ­
sh ip  com pany  dow n in N ew  O rleans—got five 
h u n d re d  do llars on m y acc id en t in su ra n c e  pol­
icy a n d  th ree  m on th s in th ’ hosp ita l ou t of it. 
W im m en  a n ’ m e don’t  m ix, a n ’ th a t ’s w hy  I ’m 
b ack  on a  good iron  deck. T his P ac ific -A tlan tie  
ru n  is go in ’ to be ju s t  m y speed—su n sh in e  a n ’ 
b lue sea , th ’ p ro p e llo r’s thum p , a n ’ no s k ir t  in ­
side of five-hundred  m iles. G re a t s tu f f !” 

Z iegfield S tubbs looks a t  me q u izz ica l like, 
a n ’ sc ra tc h e s  h is head.

“Y ou’ll ge t sunsh ine , a ll r ig h t,” he replies. 
“Y ou’ll g it sun sh in e  t h a t ’ll bu rn  th ’ p a in t off’n 
y o u r sp a rk y  coop a n ’ m elt t h ’ b a k ’ry lite  in y o u r 
lead -in  g a d g e ts ; b u t you a in ’t g e tt in ’ no rest, 
n o r  five h u n d red  m iles fro m  th ’ lo n g sto ck in ’s. 
T h is  sh ip  is jin x ed , a n ’ s q u a ttin ’ r ig h t up th e re  
on th ’ bridge, ’longside t h ’ ch a rt-h o u se , is th ’ 
jo n e r .”

A larm ed  like, I follow s Z iegfield’s s tu m p y  fin­
ger, a n ’ see s i t t in ’ up on th e  bridge a  tw o -h u n ­
d red -p o u n d  fem ale, stro n g -sh o u ld e red  a s  a 
b a ttle -sh ip  a n ’ w ith  a  h a rd -sq u a re -ja w e d  m ap  
lik  a  block of cem en t

“B y th ’ holy red  w h isk e rs  of T ro tz k y !” I 
g ro an s , d ism ayed. “ W h a t’s th a t  old b a ttle -a x e  
d o in ’ on th is  f re ig h t c a r r ie r? ”

“ C a p ’n ’s w ife, of co u rse ,” rep lies Ziegfield. 
“ She’s k ing  ro u n d  here, to o .”

“W ell, she a in ’t go in ’ t ’ s it on top  of m e !” 
I  announces, h a rd -b o iled  like. “I f  she s ta r t s  
an y  c z a r  stuff a ro u n d  m y shack , sh e’ll find ou t a  
b u llsh ev ik  is a  to m a to -p ic k e r alongside of m e— 

J u s t  as I am  d e liv e rin ’ th is  d ec la ra tio n , a  
y o u n g  kid, ab o u t e igh teen , w ith  a  w ide, stup id , 
em p ty  face a n ’ a  b u rn to u t c ig a re tte -b u tt h a n g in ’ 
on h is  lip, h is c lo thes to rn  a n ’ d irty , clim bs up 
on to  th e  topside, jo s tle s  p a s t  me roughly , a n ’ 
w a lk s  r ig h t in to  m y w ire less  shack. H ere  he 
s its  dow n in m y ch a ir, s tick s on m y phones, 
sw itc h es in the  au d io n s of m y p r iv a te  am plifier, 
a n ’ beg ins je rk in ’ th e  tu n in ’ con tro ls arou n d , 
c a re le s s  like.

“T h is  is a cru m m y  rig —I got one hom e w o rth  
a  dozen  of it ,” an n o u n ces th e  kid, w ith  a  sneer, 
a s  he ho ists h is o il-sm eared  shoes onto m y ty p e ­
w r i te r  a n ’ p roceeds to  tu rn  up m y v acuum - 
tu b es  u n til th ey  a re  b la z in ’ like a  bunch  of m az- 
d a  lam ps.

“H ey , you g a ily  r a t ,” I  yells, en raged , d a sh in ’ 
in  th ro u g h  th e  door a f te r  him , “you g it th ’ 
h—1 o u t’a here !’

“I w on’t !” sn a rls  the  kid, g la r in ’ a t  me, v ic ­
ious-like. “I  can  com e in here  an y  tim e I w a n t 
to  I ’m C ap ta in  P irk y ’s son .” A bout o n e -ten th  
of a  second la te r  I h av e  got a  couple of fa s t-
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m ovin ’ fists a n ’ a  h a rd -sh o d  hoof in to  action , 
an d  S ir P irk y  scoops up a  shovelfu l of the c in ­
d ers  out on th e  b oat-deck  w ith  a  w ell-sk inned  
ear.

“B a w w !” he ^ lubbers , h is w ide, sloppy face 
w rin k lin ’ up like a  s tru c k  m ain sa il. “ I ’m gonna 
tell m y m a w !”

“My g o rry , S park y , you h it th a t  ole w o m an ’s 
boy ! You go t yo rese lf in a  m ess, now, c e r ta in  !” 
excla im s Ziegfield S tubbs, w ith  a  scared  look. 
“T h a t boy is a  spoiled egg, h e ’s signed on here  
o rd in a ry  seam an , b u t he a in ’t done a ta p  of 
w ork  sence he come on th ’ ship. They got him  
e a tin ’ in t h ’ sa loon w ith  us off’eers a n ’ sleep in’ 
in th ’ o w n er’s su ite—look ; h e ’s up on th ’ b ridge 
now te lling  th ’ ole h ag  w h a t you done t ’ him. 
G oodnight, I ’m g i t t in ’ dow n from  h e r e !”—a n ’ 
w ith  th is  Ziegfield van ishes.

G lan c in ’ th ro u g h  a  p o rt-ho le  to w ard  the 
b ridge, I  sees the  A m azon of th e  Bobolink ta lk in ’ 
to h er old m an, a  finger of one kn o tty -fis ted  
m itt  p o in tin ’ a f t  a t  m y h an g o u t a n ’ h er jaw  
w o rk in ’ like a  p a ir  of p la te -sh e a rs  in a  sh ip ­
y ard .

D irec tly  C a p ta in  P irk y , a  sp ine less-look in ’ old 
w easel w ith  m ouse ea rs  a n ’ a  w eak  cu rved -in  
nose, com es h u s tlin ’ dow n th e  boat-deck , w hile 
th ’ em press of the  B obolink  s ta n d s  up on th ’ 
a f te r  side of the  b ridge, w a tch in g  him.

“Mr. Jones, w h a t have  you done to m y boy, 
E lm e r? ” he dem ands, a ll steam ed  up like.

“I  th rew  him  o u t’t here  !” I replies, be lligeren t- 
like “I f  he com es in aga in , I ’ll do w orse !” 

“ You’ll do no such  th in g ! ” excla im s old P irk y , 
w obblin ’ h is n a rro w  bean  arou n d , an g rily . “E l­
m er is p riv ileged  to  go in to  an y  p a r t  of th is  
sh ip  he w a n ts  to —

“No, I ’ll be hu n g  if he i s !” I b a rk s , “W hen 
th ’ crew  can  h an g  a ro u n d  in th ’ rad io  sh ack  a n ’ 
fool w ith  m y g ear, I ’ll ta k e  m y license a n ’ 
w ipe m y a u to s tra p  w ith  it. W ith  th is  I tu rn s  
m y b ack  a n ’ p u ts  on m y phones.

Old P irk y  h e s ita te s  k in d  of u n certa in -lik e , 
th en  re tu rn s  up on th e  b ridge, w here  he w ob­
bles h is head  som e m ore, like he w as te llin ’ his 
boss how  h e ’s baw led  me out p ro p er a n ’ se t me 
in the corner.

“I s 'pose y a  see w h a t k ind  of a  jo n e r  we got 
on th is  ship, now, I reckon ,” Ziegfield ho llers 
in to  m y e a r  above th e  h eav y  ro a r  of the  m ain  
red u c tio n -g ea rs , w hen a little  a f te r  e ig h t bells I 
clim b dow n fifty  feet of iron  lad d e rs  to v is it 
h im  a t  h is post a longside  th e  tu rb in e -h ead . “I 
g o tta  hunch  som epin’s gon n a  h appen  ’fo re we 
g it back  t ’ B a l’m ore—a w o m an ’s a  jo n e r  on a  
f re ig h t ship, a n ’ th ’ only w o rs t one’s a p rich e r— 
sp e c ia l ly  a n ig g e r.”

G e ttin ’ in on the  a ir , h a lf -a n -h o u r  la te r , I 
ru n s  ac ro ss a  b ig bunch  of file p ress  on th e  
w ay  over the  n av y  a rc  c ircu it from  San  F ra n ­
cisco to M anilla . The firs t item  I copies is d a te d  
from  C ristobal, an d  r e a d s :

“A sm all slide occu rred  in the  P a n a m a  C anal 
a t  fo u r th is  m orn ing , w hen th ir ty - th o u sa n d  cu ­
bic y a rd s  of e a r th  fell from  th e  u p p er so u th  
face of C u leb ra  Cut. D red g ers  a re  c lea rin g  th e  
debris, an d  th e re  h a s  been no delay  to  sh ip  t r a n ­
s i ts—”

A bout th is  tim e, I  h e a r  a  heavy , solid tre a d  
out on deck ; th en  th e  door of m y shack  opens 
a n ’ in m arch es the  em press of th e  Bobolink.

“Mr. Jones, tu n e  in a  rad io  c o n c e r t!” she com ­
m ands, in a  tone like a  C hink m a n d a r in ’s w ife 
g iv in ’ a n  o rd er to  a  p ig -ta iled  coolie. “I w ish  
to h e a r  som e m usic .”

My firs t th o u g h t is to  r ise  up a n ’ do b a ttle  
r ig h t th e re —th en  I  g e ts  a  idea.

“ S ure th ing , ever so p leased ,” I  says, ch illy  
polite. I g e ts  up to  p lug  in th e  lo u d -sp eak er 
w ith  w hich  the  sh ip  is fitted  o u t ; w hereupon  

(C ontinued  on P ag e  28)
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WHAT IS ELECTRICITY?
By STEPHEN KOVACS

T h e  HYDROGEN  
a tom  (a tom ic  n u m ­

ber 1)

A w ell know n a u th o r i ty  s ta te s  : “I t  seem s th a t  
the e lec tro n  is n o th in g  b u t e le c tr ic ity .” F u r th e r  
in h is te x t  he r e i t e r a t e s : “The e lec tron  (n e g a ­
tive) is th e  sm a lle s t possib le q u a n tity  of n e g a ­
tive e le c tr ic ity .” In  th e  sam e te x t  th e  e lec tron  
is re fe rre d  to  a s  th e  negative , an d  th e  

p ro to n  a s  th e  positive 
electron . A s we sh a ll see, 
a ll a to m s a re  m ade up 
of positive  an d  n eg a tiv e  
e lec tio n s  in d ifferen t 
n u m b ers an d  a r ra n g e ­
m en ts, th e re fo re  it  w ould 
be qu ite  co n s is ten t w ith  
the  above q u o ta tio n s , in 
an sw er to  th e  title , to 
po in t a t  a n y  ob jec t s t a t ­
ing  ; “T h is is e le c tr ic ity .” 

H ow ever, since th is  a n ­
sw er w ould h a rd ly  suffice, 
we sh a ll a t te m p t to d raw  
our ow n conclusion  th ru  

log ical d iscussion  r a th e r  th a n  scientific tre a tise .
B y  e lec tr ic ity  we u n d e rs ta n d  a ll e lec trica l 

phenom ena, such  a s  elec tric  c u rre n t, difference 
of p o te n tia l an d  elec tro -m otive  force (E. M. F .), 

th e re fo re  if  we can  a n ­
sw er w h a t th ese  phen- 
n om ena are , w e hav e  the 
an sw er to  th e  question  
“W h a t is E le c tr ic ity ? ” To 
do th is  we m u st firs t 
dw ell in to  the  co n s tru c tio n  
o f the  a to m  as  it  is a c ­
cep ted  today .

The a to m s a re  m ade up 
of n eg a tiv e  an d  positive 
electrons. (W e sh a ll r e ­
fe r  to th e  positive  elec­
tro n s  a s  p ro to n s a n d  the  

n eg a tiv e  a s  e lec trons.)  D ifferen t a to m s co n ta in  
d iffe ren t nu m b ers of e lec trons an d  p ro to n s in 
v a r io u s  a rra n g e m e n ts . In  its  n e u tra l  s ta te  th e  
a to m  co n ta in s e x a c tly  as m an y  e lec tro n s as 
p ro tons. The h y d ro g en  a to m  is th e  s im p lest of 
co n s tru c tio n  ; it  co n ta in s  b u t one p ro to n  an d  one 
electron , th e  e lec tro n  revo lv ing  a ro u n d  the  p ro ­
ton  a t  h igh  velocity . T he d ia g ra m  illu s tra te s  
th e  hyd ro g en  a to m  (a tom ic  num b er 1), the 
helium  a tom  (a to m ic  num b er 2) and  the  l i th ­
ium  ato m  (a tom ic  n u m b er 3). I t  is ev iden t from  
th e  d ia g ra m  th a t  the  p ro to n s an d  som e of th e  
e lec tro n s fo rm  th e  nucleus of the  atom . Since 
here  as  in a ll o th e r  in s tan c es  in N a tu re , likes 
repell, th e  n u c lea r  e lec tro n s a re  so a r ra n g e d  
th a t  the  repu lsion  betw een  p ro to n s is overcom e 
by th em  an d  th u s  fo rm  a  closely k n it nucleus. 
I t  m u st be u n d e rs to o d  th a t  th e  n u c lea r  e lectrons 
an d  p ro to n s a re  no t n ecessa rily  in th e  sam e 
p lane  a s  m igh t be m isco n stru e d  from  th e  illu s­
tra tio n . I t  is a lso  ev id en t from  th e  illu s tra tio n  
the a to m ’s a to m ic  n u m b er is depen d en t on its  
o rb ita l e lec trons ; the  h y drogen  h av in g  one o r­
b ita l e lectron , is th e  f irs t in  o rd er of a tom ic  
w e ig h t ; th e  helium  h a s  tw o o rb ita l e lec trons 
an d  its  a tom ic  n u m b er is tw o, w hile th e  lith iu m  
h a s  th e  a tom ic n u m b er th ree , h av in g  th ree  o r­
b ita l electrons. T he o rb ita l e lec tro n s do not 
n ecessa rily  m ove in th e  sam e o rb it, no r a re  th e ir  
o rb its  in th e  sam e plane.

In  s tu d y in g  th e  h y d ro g en  atom , we can  read ily

The H E L IU M  ato m  
(atom ic num b er 2)

see th a t  if th e  e lec tron  revo lves a ro u n d  the  
pro ton , th e  c e n tr ifu g a l force h as a  tendency  to  
th ro w  th e  e lec tron  aw a y  from  th e  pro ton , th e re ­
fo re  th e re  m u st be an  a t tr a c tio n  betw een th e  
p ro ton  an d  th e  e lec tron  w hich  keeps th e  elec­
tro n  in its  o rb it a g a in s t th e  c e n tr ifu g a l force. 
I t  is th en  es tab lish ed  th a t  th e re  is an  a t tra c tio n  
betw een  the  p ro to n  a n d  th e  e le c tro n ; th en  if, 
by som e m eans, we rem ove th e  e lec tron  from  
its  p ro to n  the  p ro to n  w ill e x e r t an  a t tr a c tio n  on 
all e lec trons u n til it h as  a t t r a c te d  a n  e lec tron  
in to  a n  o rb it a ro u n d  itself. I f  an  e lec tro n  is d is­
pelled  from  a  num b er of a to m s in a  su b s tan ce  
th e  positive  p ro to n s in it w ill p red o m in a te  and  
th en  th e  su b s tan ce  is sa id  to  be positive ly  
charged , an d  th e re  w ill be a  p o te n tia l difference 
betw een  th is  p ositive ly  ch arg ed  su b s tan ce  and  
an y  o th e r  su b s tan ce  co n ta in in g  th e ir  fu ll q u o ta  
of e lec tro n s or an  excess of e lectrons, and  an  
a t t r a c t io n  w ill th en  ex ist. T h is a ttr a c tio n  or 
ten s io n  is called  th e  elec tric  ( s ta tic )  field be­
tw een  th e  tw o p o in ts of p o te n tia l difference. The 
e lec tro n s th a t  w ere  rem oved from  a  su b s tan ce  
w ill be fo rced  onto som e o th e r  su b s tan ce  a n d  
th is  su b s tan ce  w ill th en  have  an  excess of elec­
tro n s, th e re fo re  th e  n eg a tiv e  'will p redom inate . 
I t  is th en  sa id  to be n eg a tiv e ly  charged .

W e h av e  th en  seen th a t  th e re  is no e lec trica l 
q u a lity  m a n ife s t in th e  su b s tan ce  u n til a  de­
ficiency or excess of e lec tro n s is es tab lish ed  in 
the  su b s tan ce  w hich  cau ses a ten s io n  due to th e  
difference of p o ten tia l.

The force w hich  can  m a in ta in  a  d ifference of 
p o ten tia l be tw een  tw o points, even th o u g h  a  
m ore o r less free  p a th  is av a ilab le  fo r th e  elec­
tro n s  to  tra v e l betw een  them , is called  th e  
E lec tro -m o tiv e  F o rce . The tw o b es t know n 
sou rces of E. M. F . a re  th e  dynam o an d  th e  
b a tte ry . The dynam o causes an  e lec tron  flow 
th ro u g h  its  a rm a tu re  by c u ttin g  th e  m ag n e tic  
flux betw een  its  field poles. I t  seem s th a t  som e 
of the  e lec tro n s’ ow n m ag n e tic  fields conflicts 
w ith  th e  m ag n e tic  flux p ass in g  ac ro ss th e  con­
d u c to r an d  th is  causes th e  e lec trons to  m ove 

(C ontinued  on P ag e  31)
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SIMPLIFICATION OF RADIO
RANGE BEACON POSITION 
AND QUADRANT IDENTIFICATION

Should  a  p ilot flying b lind  on the  rad io  ra n g e s  
becom e u n c e r ta in  a s  to w hich  of the  fo u r cou rses 
he is on or, if he is off course, w hich  of th e  
fo u r q u a d ra n ts  he is in, he m ay  have to  re so r t 
to  one of a  num ber of r a th e r  involved p roced u res 
of flying in o rd er to o rie n t him self. Severa l of 
th ese  p rocedures a re  d escribed  in an  a rtic le , 
F ly in g  th e  R adio  R an g es, pub lished  in th e  Sep­
tem b er 15, 1932, issue of th e  A ir C om m erce B u l­
le tin .

T he R e search  D ivision  of the A ero n au tics  
B ran ch , o rgan ized  a t  th e  B u re a u  of S tan d a rd s , 
h a s  u n d e r ta k e n  to  sim p lify  th is  phase  of rad io  
ra n g e  flying an d  h a s  developed a  m ethod of po­
sitio n  an d  q u a d ra n t iden tifica tion  fo r  rad io  
ra n g e  beacons w hich  p e rm its  rap id  o rie n ta tio n  
w ith o u t special m a n eu v erin g  of the  a irc ra f t .

W hile  num erous su ccessfu l flights have  been 
m ad e  on a  te s t beacon equipped w ith  th is  de­
velo p m en t a t  th e  ex p e rim en ta l field s ta tio n  a t  
College P a r k ,
Md., th e  resu lts  
h e re in  rep o rted  
a re  th o se  of a  
r e s e a rc h  p ro jec t 
a s  th e  m ethod 
h a s  n o t been 
su b je c te d  to se r­
vice te s ts . vur, o ~

< A N -862AT he m ethod  con- 
s is ts  of sending
a  d iffe ren tly  coded sig n a l in  each of fo u r d if­
fe re n t d irec tions a s  i l lu s tra te d  in F ig u re  1, 
w h ich  show s th e  u su a l fo u r courses ra d ia t in g  
fro m  a  rad io  ra n g e  beacon  of e ith e r  th e  a u ra l 
o r v isu a l type located  a t  th e  po in t O. The A 
(. — ) o r 65-cycle zones an d  the  N  (— .) or 
86 2-3-cycle zones a re  show n betw een th e  courses. 
F o r  convenience in w ritin g , the  A (. — ) or 65- 
cycle zone w ill be re fe rre d  to  h e re a f te r  in  the

A-65-

te x t as  e ith e r  th e  A zone or th e  65-cycle zone 
w hile  the  N  (—.) o r 86 2-3-cycle zone w ill be 
re fe rre d  to a s  e ith e r  th e  N  zone or the  86 2-3- 
cycle zone.

The course in d ica tio n s received  by th e  p ilo t 
on a ll fo u r cou rses a re  th e  sam e so long a s  he 
rem a in s  “o n -course .” The specific course he is 
fo llow ing is o rd in a rily  d e te rm in ed  by n o ting  
th e  m ag n e tic  com pass course an d  th en  d ev ia tin g  
off the  rad iobeacon  course an d  check ing  th e  
off-course ind ica tions. W hen  off course, th e  p i­
lo t know s by m ean s of th e  received  sig n a ls  
w h e th e r  he is in one of th e  tw o A o r th e  tw o 
N q u a d ra n ts  of the  rad iobeacon . H ow ever, w ith ­
ou t a  special q u a d ra n t  iden tifica tion  system , he 
is un ab le  to  d e te rm in e  in w h ich  of th e  tw o A 
q u a d ra n ts  o r w hich  of th e  tw o N  q u a d ra n ts  he 
is flying excep t by th e  p rocedure  to  w h ich  re f ­
erence h as  a lre a d y  been m ade.

D irec tio n a l D ot T ran sm iss io n s
U tiliz in g  th e  d irec tio n a l do t tran sm iss io n s  

show n in figure 1, w here  a  1-dot sig n a l is sen t 
w est, 2 do ts eas t, 3 d o ts no rth , an d  4 do ts sou th , 
an y  u n c e r ta in ty  a s  to e ith e r  course o r q u a d ­
r a n t  is c leared  up w hen  these  do t s ig n a ls  a re  
h eard , w hich  m ay  be once a  m in u te  o r d u rin g  
each  fo u rth  in te rv a l w hen th e  ra d io -ra n g e  iden ­
tifica tio n  le t te r  is sent. In  the  figure, the  a r ­
row s show  th e  a rc s  over w hich  th e  respec tive  
dot s ig n a ls  m ay  be h eard . The p rocedure  found 
m ost d es irab le  in th e  ex p e rim en ta l flights on 
th is  new  m ethod  is to tr a n sm it  th e  1-dot an d  2- 
do t s ig n a ls  successively  an d  rep ea ted  tw ice an d  
th en  to  tr a n sm it  th e  3-dot an d  4-dot s ig n a ls  in 
th e  sam e sequence. The p ilo t m ay  th en  d e te r ­
m ine w hich  of the  1-dot an d  2-dot s ig n a ls  an d  
w h ich  of th e  3-dot an d  4-dot s ig n a ls  a re  th e  
louder.

T hus, if a  p ilo t finds h im self lo st in an  A sec­
to r  an d  h e a rs  th e  1-dot sig n a l loud, he is in 
the  sec to r w est of the  rad io  ran g e  beacon and  
no t e a s t of it w here  he w ould h ave  h e a rd  2 
do ts loud. S im ila rly , w hile flying on a  course, 
if the  1-dot sig n a l is h e a rd  b u t no t th e  2 dots, 
th en  the  p ilo t is e ith e r  on course D or E. H ow ­
ever, w h en  th e  3-dot an d  4-dot s ig n a ls  a re  sent, 
if only th e  3-dot sig n a l is h e a rd  the  p ilo t is 
follow ing course E. I f  th e  4-dot signa l h ad  been 
h ea rd  an d  no t th e  3-dot signa l, he w ould have

A*65-

F ig u re  2.
been on course D.

A fu r th e r  use to w hich  th e  iden tifica tion  sig ­
n a ls  m ay  be p u t is to  au g m en t the  zero -sig n a l 
zone, re fe rre d  to in the  a u ra l  beacon sys tem  a s  
the  cone of silence, in g iv ing  th e  p ilo t .in fo rm a­
tion  as  to w h e th e r  or no t he h as  p assed  over 
th e  beacon w hen com ing in on a  course. Thus, 
suppose a  p ilo t to  be flying in  to w a rd  th e  bea- 

(C ontinued  on P ag e  25)
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THE DESIGN OF FILTERS FOR
CARRIER PROGRAMME CIRCUITS

By F. RALPH, B.Sc., A.C.G.I., D.I.C.
International Telephone and Telegraph Laboratories, Incorporated

A dvantages of Carrier System s for Program m e 
Transm ission

T he in creasin g  e x te n t to  w hich  te lephone a d ­
m in is tra tio n s  a re  being  called  upon to  prov ide 
p ro g ram m e c ircu its  fo r the  in te r-co n n ec tio n  of 
b ro a d c a s tin g  s ta tio n s  h as b ro u g h t in to  p rom ­
inence th e  prob lem  of o b ta in in g  c ircu its  of the  
req u ired  h igh  s ta n d a rd  of tra n sm iss io n  p e rfo r­
m ance w ith  th e  m in im um  o u tlay  on co n stru c tio n  
w ork .

The low noise levels o b ta in ed  on c a r r ie r  te le ­
phone c ircu its  w ith  fa ir ly  h igh  c a r r ie r  frequen-

L o  ^  o  R q
— 'T t f t T '— 1 |— \ W —

------II-----------
C |
Figure 1
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Figure 2
cies give such  c ircu its  an  im p o rta n t a d v a n ta g e  
over voice freq u en cy  c ircu its  fo r h igh  q u a lity  
tran sm iss io n . F o r  long d is tan c e  w ork  th e  h igh  
velocity  of p ro p ag a tio n  on open w ire  lines a t  
h ig h  frequencies, a n d  its  u n ifo rm ity  over a  w ide 
f req u en cy  ban d  give th e  c a r r ie r  sys tem  a  fu r ­
th e r  a d v a n ta g e  over voice frequency  cable  c ir ­
cuits.

W ith  such  a  system , also, the  desired  p ro ­
g ram m e ch annels m ay  be o b ta ined  w ith  m in i­
m um  reac tio n  upon th e  ex is tin g  lines and  fac il­
itie s  since, w ith o u t an y  m odifica tion  to  th e  line 
excep t possib ly  ad d itio n a l tran sp o s itio n s , the  
c a r r ie r  system  m ay  be p u t in to  o p era tio n  w ith ­
ou t affecting  the  c ircu its  (d.c. te leg rap h , p h y si­
cal te lephone, phan tom , or c a r r ie r  te lephone) a l­
re a d y  being  prov ided  by its  p a ir  of w ires.

F o r  a  p ro g ram m e-tra n sm iss io n  c a r r ie r  sys tem  
o f th e  above type, th e  s ing le-sideband  an d  sup- 
p re sse d -c a rr ie r  m ethod  of o p era tio n  recom ­
m ends itse lf  on th e  follow ing g ro u n d s :

1. E conom y in freq u en cy  ban d  w id th  requ ired .

♦ R eprin ted  from  an d  by  co u rtesy  of E le c tric a l 
C om m unication . (A pril 1933)

2. E conom y in pow er tr a n sm itte d  to line fo r 
a  g iven sig n a l-to -n o ise  ra tio  a t  the  receiv ­
ing  te rm in a l.

The econom y in freq u en cy  ban d  w id th  is of 
considerab le  im portance  ow ing to th e  la rg e  f re ­
quency  b an d  covered by th e  p ro g ram m e m a te r ia l 
an d  th e  h igh  a tte n u a tio n  of lines a t  h igh  f re ­
quencies.

The im po rtan ce  of econom y in tr a n sm itte d  
pow er lies in th e  la rg e  ran g e  of level covered 
by  the  m a tte r  tra n sm itte d  an d  th e  need for 
m a in ta in in g  an  ad eq u a te  signa l-to -n o ise  ra tio  a t  
th e  low est tra n sm itt in g  levels.
The F ilter Problem in a Single-Sideband Carrier 

System
A m ong th e  prob lem s p resen ted  in the  p roduc­

tio n  of such a  s ing le-s ideband  system , th a t  of 
th e  rem oval of the  u n w an ted  sideband  is one 
o f considerab le  im portance . I f  th e  c a r r ie r  fre- 
qencies a t  th e  tra n sm itt in g  an d  receiv ing  te rm i­
n a ls  a re  no t ex ac tly  synchron ized , even though  
th e  difference be, fo r tru e  s ing le-s ideband  t r a n s ­
m ission, neg lig ib ly  sm all, incom plete su p p res­
sion of one sideband  w ill produce u n d es ir­
ab le  b e a t effects.

E ven  if  th e  tw o c a r r ie rs  a re  in sy n to n y  the  
p hase  d isp lacem en t due to  the  supp ressin g  filter, 
a t  som e in p u t frequencies, w ill cause h arm on ic  
d is to rtio n , w hile if the  level d ifference betw een 
the  tw o sidebands is less th a n  ab o u t 30 decibels, 
the  overa ll tran sm iss io n  c h a ra c te r is tic  m ay  ex­
h ib it cyclic ir re g u la r itie s  a t  th e  low frequency  
end.

To avo id  the  above effects it is n ecessa ry  th a t  
in th e  frequency  ra n g e  betw een  th e  u pper and  
low er s ideband  frequencies, co rrespond ing  to  
th e  low est voice frequency  to  be tr a n sm itte d  by

X

Figure 3

th e  system , th e  a t te n u a tio n  in the  s ideband  
su p pression  netw o rk s sha ll in c rease  by a t  lea s t 
30 decibels. I f  th is  low est frequency  is 30 p :s, 
th is  in c rease  in a tte n u a tio n  m u st be effected in 
60 cycles, w hich  w ith  a  c a r r ie r  frequency  of 40 
kC. is only 0.15%.
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Figure 4
Owing- p a r tly  to the  re s is ta n c e  losses in the  

coils an d  p a r tly  to  the  d ifficulty  of o b ta in in g  a  
filte r w hich  will com bine a n  ex trem ely  sh a rp  
cut-off w ith  s a tis fa c to ry  im age im pedance c h a r ­
a c te r is tic s , it is no t p ra c tic a b le  to m eet such  re ­
q u irem en ts  w ith  a  filte r consistin g  of o rd in a ry  
coils an d  condensers. B ecause  of th e  e x tre m e ­
ly  low decrem en t of th e  eq u iv a len t e lec trica l 
c ircu it by  m eans of w hich  it m ay  be rep resen ted , 
th e  p iezo-electric  c ry s ta l su g g e sts  itse lf  a s  a  pos­
sib le solution.

Since th e  ap p lica tio n s of the  p iezo-electric  e f­
fec t so f a r  have been lim ited  chiefly  to its  use 
fo r  pu rp o ses qf freq u en cy  s ta b iliza tio n , a  th eo ­
re tic a l in v estig a tio n  w as m ade to de te rm in e  to 
w h a t e x te n t ex is tin g  techn iq u e  could be d irec tly  
app lied  an d  w h eth er an y  special asp ec ts  of the 
p re se n t problem  w ould n ecess ita te  an y  m odifica­
tio n  thereo f.

I t  w a s  also n ecessa ry  to  d e term ine  th e  re la ­
tio n  betw een  th e  c o n s ta n ts  of the c ry s ta l and  
th e  c h a ra c te r is tic s  of th e  eq u iv a len t e lec trica l 
c ircu it by w hich it  m ay  be rep resen ted , to en ­
su re  th a t  the fu lle s t use w as m ade of the de­
g rees of freedom  afforded in th e  choice of these  
co n s ta n ts , and  to consider the  possible re a c ­
tions of e x te rn a l o p e ra tin g  conditions.

The device des ired  w as one w hich w ould p ro ­
vide th e  n ecessa ry  a d d itio n a l a tte n u a tio n  over 
the  freq u en cy  ran g e  in w hich  the  m ain  filter w as 
ris in g  to  the req u ired  value.

The re su lts  of th e  th e o re tic a l in v estig a tio n , 
w hile s tre s s in g  the  in h e re n t lim ita tio n s of the  
q u a r tz  c ry s ta l fo r g en e ra l ap p lica tio n  a s  a  su b ­
s t itu te  fo r o rd in a ry  e lec tr ica l c ircu it e lem ents, 
show ed th a t  u n d e r su itab le  o p e ra tin g  conditions 
th e  req irem en ts  of th e  e x is tin g  problem  could 
be sa tis fa c to r ily  m et.

Equivalent Circuit of P iezo-E lectric Crystal
I t  is w ell know n th a t  if a  fla t p la te  of q u a r tz  

o r o th e r  p iezo-electric  m a te r ia l be free ly  m o u n t­
ed betw een  tw o conducting  p la tes  so as to  be 
su b je c ted  to an y  e le c tro s ta tic  field ex is tin g  be­
tw een  them , th en  in so f a r  as  its reac tio n  u p ­

on a n y  e lec trica l c ircu it in to  w hich  it m ay  be 
connected  is concerned, th e  com bination  m ay  be 
re g a rd e d  a s  being  e q u iv a len t to th e  e lec trica l 
n e tw o rk  show n in F ig u re  1. In  th is  d iag ram , 
L 0, Co, and  Ro a re  c o n s ta n ts  depending  only on 
the  c ry s ta l itself. Ci is su b s ta n tia lly  the  e lec tro ­
s ta tic  cap ac ity  w hich  w ould  ex is t betw een  the 
e lec tro d es hav in g  re g a rd  fo r the  d ie lec tric  con­
s ta n t  of q u artz , if th e re  w ere  no a ir  space be­
tw een  th e  e lec trodes an d  th e  q u a r tz  itse lf  and  
th e  c ry s ta l w ere  no t free  to  v ib ra te . Cg is a 
c a p a c ity  w hich ta k e s  acco u n t of the  above a ir  
space, becom ing in fin ite  w hen th is  space is re ­
duced to  zero.

August, 1933

As, in genera l, th e  c ry s ta l w ill ex h ib it m ore 
th a n  one resonance  w hen th e  frequency  of th e  
elec trom otive  force app lied  ac ro ss the  elec trodes 
is v aried , the  v a lu es of Lo, Co, and  R 0 w ill hold 
only in th e  frequency  ran g e  in th e  n eighbor­
hood of a  p a r t ic u la r  resonance. B y a  su itab le  
choice of th e  d im ensions of the  c ry s ta l, how ever, 
an d  its  d irec tio n  of cu t w ith  re fe ren ce  to the  
ax es of sy m m etry  of q u a r tz , it can  be a rra n g e d  
th a t  only one reso n an ce  occurs w ith in  a  w ide 
ran g e  of frequency .

The ne tw o rk  in F ig u re  1 m ay  be sim plified by 
o m ittin g  th e  c ap ac ity  Cg since, p rovided th a t  th e  
c ry s ta l is only lig h tly  dam ped  m ech an ica lly  so

Figure 6
th a t  th e  re a c ta n c e  of Lo is ve ry  la rg e  com pared  
w ith  th e  valu e  of Ro, th e  va lu es of the  re m a in ­
ing  q u a n titie s  m ay  be m odified to include its  
effect The m odified va lu es a re  show n in F ig u re  
2 .

The reac tan ce -freq u en c y  c h a ra c te r is tic  of th is  
ne tw o rk  is o f th e  type  show n in F ig u re  3, the  
re so n a n t frequency  fo an d  the  a n ti- re so n a n t 
frequency  foo being g iven respec tive ly  b y :

1
fo =  ................................

2ir v'Loi Coi

1
ffoo — ---------  -------

/  Col +  Cii 
2ir x/Loi ---------------

Coi +  Cn

Such a  ne tw o rk  m igh t be m ade to  fo rm  a p a r t  
of an y  of a  num b er of w ell-know n types of fil­
te r  section  by asso c ia tin g  it  w ith  o rd in a ry  coils 
an d  condensers. Owing, how ever, to th e  h igh  
cost of a c c u ra te ly  g ro u n d  q u a r tz  c ry s ta ls  an d  
the  la rg e  size of c ry s ta ls  req u ired  fo r f req u e n ­
cies less th an , say , i50 kC, the  cost of such  com ­
p lica ted  filte rs w ould be p roh ib itiv e  fo r th e  p re s ­
en t problem .

A tten tion , th e re fo re , shou ld  be g iven to the  
p ossib ilities of a sing le  c ry s ta l in se rted  in se ries 
or in p a ra lle l w ith  pu re  re s is tan ces. 'T h e  tw o 
possib le cases a re  show n in F ig u re s  4a an d  4b 
in w hich  a  source of a l te rn a tin g  e.m.f. E, of 
in te rn a l re s is ta n c e  Ri, is w ork ing  into a  load 
Ro.

I f  a is th e  reduction , in decibels, of the  vol­
tag e  ac ro ss Ro due to the  presence of th e  c ry s­
ta l, th en  the  re la tio n s  betw een  a an d  frequency  
fo r the  tw o cases a re  of th e  g en e ra l fo rm  show n 
in F ig u re s  5a an d  5b, th e  po in ts of m inim um  
an d  m ax im um  a tte n u a tio n  co rrespond ing  to the 
frequencies fo an d  foo. The d o tted  lines ind ica te  
th e  co rrespond ing  a t te n u a tio n  o b ta ined  by re-

(C ontinued  on P ag e  24)
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PIONEER WIRELESS OPERATORS
By DR. LEE DE FOREST

A s I h av e  a lre a d y  recoun ted , w hile  these  in ­
te re s tin g  even ts  w ere t r a n s p i r in g : W ire less  to 
ex p ress  tra in s , ac ro ss th e  m o u n ta in s  of Colorado, 
an d  to  th e  G am bling  B o a t on L ak e  M ich igan— 
th e  p lucky  g an g s  of in s ta lle rs  an d  o p e ra to rs  
dow n a ro u n d  th e  G ulf w ere  s tru g g lin g  d e te r ­
m inedly , reso u rce fu lly  a g a in s t a lm o st over­
w helm ing  odds.

T h ro u g h  th e  s tifling  h e a t  o f th a t  ho t sum m er 
of 1905 I ra d e ll  a t  P en sa co la  N av y  Y ard  an d  
H o rto n  in th e  to r r id  ( th en  D evil’s) Isle  of K ey 
W est w ere  b a ttlin g  te rrif ic  s ta tic  in a  v a in  e f­
fo rt to effect tw o -w ay  com m unication .

The b ig K ey  W e§t tr a n s m it te r  w hich  H o rto n  
an d  I h ad  opened yfv the  p reced ing  M arch  w as  
fre q u e n tly  h e a rd  by  Irad e ll, a t  b es t d u rin g  
tho se  few  still h o u rs  ju s t  a t  d aw n  w hen  th e  
re len tle ss  h e a t—lig h tn in g  s ta tic  w ould  q u ie t an d  
before th e  h e a t of th e  ris in g  sun  h ad  s t ir re d  up 
its  ow n vicious b ra n d  of g row lers . B u t t r y  as 
he m igh t, ju g g le  h is  condensers, he lix  an d  
sp a rk -g a p  as  bes t he could, I ra d e ll  could n ever 
g e t  one sing le  do t d ash  across. T here  seem ed 
to  be a  m y ste rio u s  e th e ric  b a r r ie r  s tre tc h e d  
a c ro ss  th e  e a s te rn  g u lf th ro u g h  w hich  th e  ten  
K. W. w aves of PN . sim ply  could no t p e n e tra te .

H o rto n  h a d  been up to  P en sa co la  to find th e  
“n ig g e r.” H e, q u ite  n a tu ra lly , looked f irs t a t  
th e  g round . The s ta tio n  w as  am id  a  deso la te  
s tre tc h  of sand , d ry  a s  S a h a ra , even a f te r  
to r re n t ia l  ra in s. T en fee t dow n how ever w as  
s a l t  w a te r  a  p len ty . H e co rra le d  a ll th e  n ig g ers  
in  th e  N av y  Y ard , se t th em  to  d igg ing  a  g ig a n ­
tic  pit, w hose w alls  h ad  to be p lan k ed  a s fa s t  
a s  dug, to  p rev en t rep e a te d  cave-ins.

H e  bou g h t up a ll th e  shee t copper in P e n sa ­
cola, so ldered  it in to  one shee t fifteen  fee t 
sq u a re , w ith  w ide s tr ip s  lead in g  up  fo r connec­
tion  to  th e  tra n sm itte r .  One a fte rn o o n  a s  th e  
d ig g ers  an d  p u m pers w ere  le isu rly  w ork in g  to ­
w a rd  the  w a te ry  bo ttom  of th a t  p it, H o rto n 's  
w e a th e r  eye spied a  b lack  cloud r is in g  rap id ly  
ou t of th e  Gulf. I n s ta n tly  he sensed  an  a p ­
p ro ach in g  c lo u d -b u rs t, w hich  w ould in ev itab ly  
hav e  flooded h is pit, refilled it w ith  sa n d  so 
ted io u sly  ex cav a ted , p ostpon ing  indefin ite ly  the 
te rm in a tio n  of a ll h is labo rs. “G et th a t  copper 
p la te  in to  th e  bo ttom  of th a t  hole, boys, before 
she b re a k s—an d  I ’ll give every  g. d. n ig g er 
am ong  you tw o d o lla rs  a  piece. D ig like h e l l !” 
A nd did th ey  d ig?—M ore san d  flew over th a t  
Coffer dam  in the  n ex t ten  m in u tes th a n  those 
ta r -h e e ls  h ad  ever shoveled  in one day. J u s t  as 
th e  f irs t g re a t  d ro p s of th e  o n ru sh in g  deluge 
fell th e  big copper sh ee t su n k  in to  place u n d er 
th e  sa lt  ooze of th e  pit, an d  th e  job w as saved. 
F iv e  m in u tes la te r  the  hole w as filled to the 
b rim  w ith  ra in  an d  in-flow ed sand. L uck ily  fo r 
M ac the  tw o sh ip -rig g ed  m a s ts  su p p o rtin g  th e  
doub le -fan  a n te n n a  su rv iv ed  th e  sto rm . N avy- 
rigged, th ey  w ith sto o d  m any , equal an d  w orse.

N ex t schedule h o u r H o rto n  an d  Ira d e ll  
“ca lled ” K. W ., confidently  expecting  a  p rom pt
O. K. a t  la s t. B u t no ; K ey W est w en t on c a ll­
ing, calling . The n av y  ops. h ad  h e a rd  n o th in g ; 
th a t  new  ground  w as no t the  so lu tion .

B affled  b u t no t d isco u rag ed  M ac H o rto n  took 
counsel w ith  the  N av y  Y ard  officers. One of 
th ese  h ad  d rilled  th e  w ell fo r d rin k in g  w a te r , 
w hich  stood  n e a r  th e  w ire less  s ta tio n . “H ow  
deep did you go d ow n?” ask ed  H orton . “F if ty  
fe e t,” he replied. “B u t if I  h ad  stopped  a t  fo rty  
fee t or gone dow n s ix ty  I w ould have  found

only  s a l t  w a te r. T h is w h ite  sand  here  is abo u t 
fo rty  fee t deep, an d  below th a t  is a  s tra tu m  of 
clay  and  stone som e tw en ty  fee t in th ickness. 
Below  th a t  is an  indefin ite  dep th  of sa n d .” 
W h ereupon  it w as  dete rm in ed  th a t  th e  upper or 
su rface  s tr a tu m  of san d  an d  sa lt  w a te r  w as 
m erely  a  pie in a  sa u ce r  re s tin g  w ell in su la ted  
upon a la y e r  of h ig h  re s is ta n c e  soil.

W hereupon  M ac secured  som e tw elve fo rty  
foot iron  p ipes an d  h ad  these  d riven , or hosed 
deep in to  the  ground , a r ra n g e d  in a  c ircle su r ­
ro u n d in g  the  house, th e ir  tops a ll bussed  to ­
g e th er, an d  tied  in to  th e  s tr ip  lead  from  the  
copper p la te .

W ith  th is  com bined g ro u n d  K ey W est sim ply  
m u st h e a r  P ensaco la . B u t to  h is d ism ay , and  
c o n tra ry  to  all th e  law s of w ire less an d  geol­
ogy. K  W  w as y e t d eaf to PN . D iscouraged , 
baffled, H o rto n  w ro te  m e a ll th e  d e ta ils , an d  r e ­
tu rn e d  to  the  fou l-sm elling  c is te rn  w a te r  of 
K ey W e s t ; ju s t  in  tim e to  escape being q u a r ­
an tin ed  in P ensaco la . F o r, to  m ake m a tte rs  
w orse  yellow jack  broke ou t e a rly  in Ju ly , and  
poor I ra d e ll  th e re a f te r  w as confined to the  N avy  
Y ard  re se rv a tio n , denied  a s  y e t even the  solace 
of send ing  official rep o rts , excep t by W este rn  
U nion, to h is buddy  a t  K ey  W est.

B u t p len ty  of o th e r  s ta tio n s  w ere  read in g  
him , loud an d  clear. T h a t w as w h a t m ade the  
s itu a tio n  a ll the  m ore puzzling.

F in a lly  it  w as decided th a t  “ th e  D oc” alone 
could co rre c tly  d iagnose the  s tra n g e  a ilm en t 
a t  PN . I m u st leave th e  blue lake, th e  hum id 
h e a t of St. Louis, and  ge t u n d e r th e  s tegom yia  
n e ttin g  of the  yellow -fever q u a ra n tin e , w here  
one h u n d red  deg rees w as considered  com for­
ta b ly  cool. F ro m  m y D ia ry :  “Aug. 190i5—I have 
been an  in m ate  of th is  old N av y  Y ard  now 
th ree  w eeks, th ro u g h  th e  h e a t of m id sum m er, 
s tr iv in g  to solve th e  w ire less riddle , w hy  K ey 
W est can  no t h e a r  us.

“The desired  goal is no t y e t a tta in e d , bu t 
m uch  h a rd  w ork  h a s  been done, an d  so I feel 
Vhe so lu tion  is so m uch the  n ea re r . I  am  op ti­
m istic , de term ined . W e h ave a t  le a s t e s ta b ­
lished  good com m unication  w ith  ou r new  s ta ­
tion  a t  S outh  W est P ass , tw o h u n d red  m iles 
d is ta n t, an d  begun to h and le  pa id  m essages to 
an d  fro m .” (N ote how  eag e r w e a lw ay s w ere 
to  m eet th a t  re a l te s t of success—paid  m es­
sages.)

“O ther an d  new  a p p a ra tu s  is d a ily  expected , 
an d  upon its  a r r iv a l  I hope to  reach  K ey  W est 
quickly. T h a t fa ilin g  I have  o th er tr ic k s  up m y 
sleeve to  try . ( “You c a n ’t  stop  a  Y an k .” )

“One reaso n  I am  less im p a tien t a t  these  de­
lays, and  less c a s t dow n—I re a lly  en joy  th is  
k ind  of free  an d  o u t-door life.

“I am  sleeping in th e  N av y  W ire less  S ta tion , 
a ll doors and  w indow s open. I am  tan n ed  and  
bu rned , an d  no t w ith s ta n d in g  th e  te rrific  hea t, 
th e  no t too su m ptuous no r too d iversified  m eals, 
never fe lt b e tte r  in m y life. Then too, I am  
w ork in g  so en tire ly  a t  m y ow n w ork, a c tu a lly  
liv ing  in it, th a t  I feel con ten t th a t  it is so ; an d  
one w ho h as  a  w ork  to do can n o t feel hap p y  
u n less so living. A t le a s t I  am  freed  (le t m e 
hope fo rev e r) of th e  d ru d g e ry  of office w ork  
w hich  so f re tte d  d u rin g  P res. W h ite ’s long a b ­
sence from  St. Louis. N e ith e r  the  com pany  no r 
I can  afford  m y tim e  an d  energ ies in c le rk ’s 
w ork.

(C ontinued  n ex t m onth)
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r  — r a
E 0 ------------- (1+  m i cos co t)  (1)

r 0 —  r a

w h ere  m x is a  sm a ll q u a n ­
t i ty  eq u a l to  the  ra t io  of th e  
assu m ed  am p litu d e  of th e  
h igh  frequency  osc illa tio n  a t  
p o in t x  to the  D.C. p o ten tia l 
im pressed  on th e  o sc illa tin g  
e lec trode  and  w here

T bein g  th e  period  of osc il­
la tion . W e assu m e th a t  the  
speed of the  e lec tro n s is con­
s id e ra b ly  sm a lle r  th a n  th e  
speed w ith  w hich  the  e lec tric  
field is p ro p ag a ted . F ro m  th e  
fu n d a m e n ta l e q u a t io n :

d2 r  e Eo
m  ——■ =  ---------

d t2 r 0 — r a
(1 +  mx cos co t)  (3)

PRODUCTION AND UTILIZA­
TION OF MICRO-RAYS

(C ontinued  from  P ag e  7) 
case, i t  is in troduced  to m a in ­
ta in  th e  sam e form  a s  in 
th e  cy lin d rica l e lec trode  case.
W e assum e th a t  th e  osc il­
la tin g  electrode is o sc illa ting .
O pposite a  c e r ta in  po in t X 
of th is  e lectrode th e  v o ltag e  
w ill b e :

t i  is the  tim e w hich  e lec trons leav ing  th e  cathode 
a t  tim e ta ta k e  to  re a c h  th e  o sc illa tin g  electrode 
u n d e r d y nam ic  conditions. E q u a tio n  6 show s 
th a t  it  f lu c tu a tes  a ro u n d  th e  va lu e  A, w hich  is 
the  tim e of t r a n s i t  fo r s ta tic  conditions. In  thi3 
process, it  w ill be seen th a t  th e  d en sity  of elec-

F ig . 4— Constant Frequency Curves
tro n s  fa llin g  on po in t X  w ill be v a riab le  w ith  
tim e acco rd ing  to the  change of th e  tim e of 
t r a n s i t  betw een th e  ca th o d e  an d  the  osc illa ting  
electrode.

w here  m is the  m ass of th e  
e lec tro n  an d  e its  charge , we find by m ean s of 
tw o in te g ra t io n s :

2 m (r0 — r a)2 2mx
----------------------=  (to —  t ?)2 -------------- (to —  t a) s in  to t a

e Eo to
2mx

------------ (cos co to — cos co t a) (4)
co2

in w hich  t a is th e  tim e w hen  the  e lec tron  leaves 
the  ca th o d e  an d  to th e  tim e  w hen it reach es 
th e  o sc illa tin g  electrode. I f  th e re  w ere no osc il­
la tio n s , the tim e of t r a n s i t  to the  o sc illa tin g  
e lec trode  w ould be g iven  b y :

/ 2 m
to — t a =  V---------- ( r 0 —r a) =  A (5)

8 Eo

One e lec tron  leav ing  th e  filam ent a t  tim e ta 
w ill reach  th e  o sc illa tin g  e lectrode a t  tim e 
ta-fti. A n o th er s ta r t in g  a t  t a+ 8 ta w ill reach  
th e  oscillating- elec trode  a t  tim e t a-f-ti+8ta-}- 
8ti. L e t th e  num b er of e lec trons se n t off in in ­
te rv a l 8 ta be a .8 ta. The d en s ity  of th e  d irec t 
e lec tron  c u r re n t fa llin g  on a  len g th  dx  co n ta in ­
ing po in t X  w ill be eq u a l to

a . §ta 1
------------ =  a -------------
8 ta+ 8ti 8ti (7)

1H-------
8ta

As m x is assum ed  to  be a  v ery  sm all q u a n tity , 
a s  it  a t  an y  ra te  shou ld  be w hen we consider 
th e  in itia l phenom ena, we find an  ap p ro x im a te  
va lu e  o f the tim e of t r a n s i t  u n d e r dyn am ic  con­
d itio n s by rep lac in g  to —t a by A in eq u a tio n  
4, w h ich  finally  leads us to

{
m x 2mx toA

1 -j--------sin  o) t a — ———sin —sinto

ooA co2 A2 2

(6)

and  th e  d irec t e lec tron ic  c u rre n t on len g th  dx  
m ay  finally  be w r i t te n :

i - 4  1
sin  a) A

m x cos to ta

2 sin2 -
cdA

-m x sin  co ta
CD A

.dx ( 8)

T herefo re , the  h ig h  frequency  com ponent of th is  
c u rre n t is no t in p hase  w ith  th e  h igh  frequency  
vo ltag e  a t  the  po in t of the  o sc illa tin g  electrode
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i.e., on the

u n d e r co n s id e ra tio n  (see eq u a tio n  1). The p h ase  
difference a s  w ell a s  the  am p litu d e  of th is  h igh  
freq u en cy  com ponent depend on th e  av e rag e  
tim e of t r a n s i t  of th e  e lectrons, 
d im ensions of th e  tu b e  an d  th e  
D.C. v o ltag e  app lied  on th e  oscil­
la tin g  electrode.
4. Reflected Electron Current to 

the O scillating Electrode 
(Plane Electrodes)

Those e lec trons w hich  p ass th ru  
th e  m eshes of th e  o sc illa tin g  elec­
trode , p ro g ressiv e ly  lose th e ir  
speed an d  finally  come to re s t in 
a  reg ion  w hich  m ay  be considered  
a s  a  v ir tu a l  ca thode, s itu a te d  
som ew here betw een  th e  osc illa tin g  
e lec trode  an d  th e  reflec ting  elec­
trode, th e  ra d iu s  of w hich  w ill 
be called  r r. T he d is tan c e  r x w here 
th is  v ir tu a l  ca thode w ill ex is t is 
no t v e ry  d ifferen t from  the  ra d iu s  
w h ere  th e  e lec trons w ould stop  if 
th e re  w ere  no osc illa tion .

W hen  th e  e lec tro n s  cross th e  
p lan e  of the  o sc illa tin g  electrode 
th e ir  speed h a s  an  av e ra g e  value  
g iven  by

we h ave considered  th e re  w ill be a  leak ag e  c u r­
re n t per leng th  dx equal to the  sum  of those  
p a r ts  of the  d irec t e lec tron  c u rre n t an d  reflected

— m Vo2 =  e E 0 
2 (9)

N eg lec tin g  th e  effect of an y  
space charge , th e  field betw een  
th e  o sc illa tin g  elec trode  an d  th e  
reflec ting  e lec trode  w ill co rre spond  
a t  a n y  ra d iu s  r  to  th e  e q u a t io n :

E  =  E o —  (E o + E r )  ■
r0 (10)

so th a t  th e  d is tan c e  r x w ill be 
g iven  by

1 E^-f-Er
—m  Vo2= e  E o — e — ------------( rx—r Q). (11)
2 rr — r0

W e h av e  th e n  fo r th is  v ir tu a l  ca thode th e  
sam e process as  we h ad  fo r th e  re a l filam ent. 
T he tim e of the  t r a n s i t  of e lec tro n s betw een  
th e  v ir tu a l  ca th o d e  a n d  the  o sc illa tin g  e lec trode  

; w ill f lu c tu a te  a ro u n d  a value B w h ich  co r­
re sp o n d s to s ta tic  conditions an d  w ill give rise  
to  a  reflec ted  e lec tro n  c u r re n t v a ria b le  w ith  
tim e, th e  value  of w h ich  m ay  be w r itte n

elec tron  c u rre n t th a t  fa ll on th e  osc illa ting  
electrode. T h a t is to  sa y  th is  c u rre n t w ill be

idx -f~ irx (13)

As th e  filam ent g ives its  s a tu ra tio n  cu rre n t, 
th e  in te g ra tio n  of th e  m ean  value  of th e  above 
expression  along  the  osc illa tin g  electrode equals 
th e  sa tu ra tio n  c u r re n t Io, i.e.,

(a  +  (3) A =  Io (14)

w here  A is th e  len g th  of th e  o sc illa tin g  electrode.
The e lec tron  c u rre n t w hich  fa lls  on dx  can  

finally  be w ritte n

Io Io
ix = ------d x ------------m x cos w t

A A
2coB

2mxsin------
2

------------------ s in  a* ta
toB

dx ( 12)
sin  to A 

eo A o+P■ + i i
sin  co B 1 |3

co B
dx

w here  (3 is a  co n s ta n t c h a ra c te r is in g  th e  em is­
sion  of th e  v ir tu a l  ca thode as  a d id fo r  th e  re a l 
filam ent.

T h e  fa c to rs  a an d  (3 give th e  re la tiv e  im p o rt­
ance  o f the  d ire c t an d  reflec ted  c u rre n t in  th e  
to ta l  e lec tron  c u r re n t fa llin g  on po in t X  of th e  
o sc illa tin g  electrode.
5. Total Electron Current and N egative Leak- 

ance E ffect
At the point of the oscillating electrode which

Io
-----------m x sin  co t

A

coA
2 sin2 —•—

2 a

coA a+|3

(15)

coB
2 sin 2------

2 0 dx
co B <*+|3

The Commercial
Radio M agazine



17
T his in d ica tes  th a t  a t  po in t X  of the o sc illa tin g  
e lec tro d e  th ere  ex is ts  a  n eg a tiv e  leak an ce  per 
u n it  le n g th  equal to

(16)
T h is  exp la ins th e  p o ss ib ility  of o sc illa tions 

being  su s ta in ed  p rov ided  the  in te g ra te d  effect 
o f th a t  negative  leak an ce  a long  the  o sc illa tin g  
e lec tro d e  m ore th a n  com p en sa tes  fo r th e  d am p ­
ing  re s is ta n c e  in th e  o sc illa tin g  circuit.

6. Case of Cylindrical Electrodes 
T he a n a ly s is  of th e  above process fo r th e  p lan e  

e lec tro d e  case su g g e sts  a  s im ila r  ex p lan a tio n  
fo r  th e  ac tu a l case of cy lin d rica l e lectrodes.

In  th e  space betw een  th e  filam ent and  th e  
o sc illa tin g  e lectrode th e  d is tr ib u tio n  of p o ten ­
t ia l  w ill be

r
lo g ------

r a
E o --------------  (17 )

r 0
lo g ------

r a

an d  fu n d a m e n ta l eq u a tio n  3 becom es 

d2r  e Eo
m ------= -------------- ( l- fm x cos to t)  (18)

d r2 r 0
r  log — 

r a

I t  is th u s  seen th a t  th e  case  is r a th e r  w idely  
d iffe ren t from  th e  p lane  e lec trode  case, a s  th e  
s ta tic  e lec tric  field s tre n g th  v a rie s  co n siderab ly  
b etw een  th e  filam en t an d  th e  osc illa ting  elec-

r0
trode , in  fa c t in  th e  r a tio  of ------ w hich, in th e

r a
<;ase o f th e  tu b es we hav e  m ain ly  experim en ted  
on, is equal to 24.

As eq u a tio n  18 lead s to  m a th e m a tic a l diffi­
cu lties, we w ill sim p ly  a ssu m e th a t, a s  before, 
th e  d en s ity  of e lec tro n s p er leng th  dx  of the  
o sc illa tin g  elec trode  w ill hav e  a  h igh  frequency  
com ponent g iv ing  a  leak an ce  g (wA) w ith o u t p re ­
supposing  th e  sign  of th is  q u an tity .

In  th e  space betw een  th e  o sc illa tin g  electrode 
an d  th e  v ir tu a l cathode, th e  p o ten tia l is d is­
tr ib u te d  accord ing  to eq u a tio n

r  r x
log — — lo g ------

r 0 r
E o —  E o — ------------— E o ,---------------  (13 )

r x r x
lo g ------ lo g ------

r 0 r Q
an d  th e  * s ta tic  field s tr e n g th  v a ries  m uch less 
th a n  in  the space betw een  th e  real filam ent and  
th e  o sc illa tin g  e lec trode  ; in  fact, for th e  type  of 
tu b e  w e a re  considering , it v a rie s  in th e  ra tio  of 
7 to  4. W e th u s  ap p ro x im a te  the  p lane  electrode 
case m uch m ore closely  an d  c^n reaso n a b ly  
a ssu m e  th a t  the  f lu c tu a tin g  den sity  of e lec trons 
due to  the  reflec ted  c u r re n t w ill lead  to  a  con­
d u c tan ce  g (wB), w h ich  w ill be a  neg a tiv e  
q u a n tity .

W e believe th a t  o sc illa tions occur in th e  
sy s tem  because th e  to ta l  conductance

g  (co A ) + g  (coB) (20)
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is n eg a tiv e  w hen the  vo ltag es app lied  to  th e  tube 
a re  su itab le , an d  o sc illa tions will be su s ta in ed  in 
th is  case a s  in th e  p lan e  e lectrode case  prov ided  
th e  effect of th is  n eg a tiv e  leak an ce  a lo n g  th e  
len g th  of th e  osc illa tin g  electrode m ore th a n  
com pensates fo r the  d am ping  re s is ta n c e  in th e  
o sc illa to ry  c ircu it.

T h is view  is s tro n g ly  su p p o rted  by  th e  ex p eri­
m en ta l in v es tig a tio n  of th e  tube  p roperties , to 
w hich  we w ill now  tu rn  ou r a tten tio n .

7. Constant Frequency Curves
W e h av e  found  th a t  fo r a  c e r ta in  ex te rn a l c ir ­

cu it, th a t  is to  sa y  fo r a  defin ite len g th  of th e  
tra n sm iss io n  line lead ing  to  the  doublet, th e re  
is one p a r t ic u la r  freq u en cy  fo r w hich  th e  tu b e  
g ives its  m ax im um  ou tpu t. To find th is  op ti­
m um  frequency  we a d ju s t  th e  w av e-m e te r  fo r 
d ifferen t w av e len g th s in  a  su itab le  ran g e  and  fo r 
each  w av e len g th  a d ju s t  th e  vo ltag es of th e  tube  
fo r m ax im um  ou tp u t, check ing  each  tim e to 
a sc e n ta in  th a t  the  m ax im um  deflection o f the 
g a lv an o m ete r  is no t due to  d ifferences in am pli­
tude  fo r d ifferen t frequencies. I t  is soon found 
th a t  a  p a r t ic u la r  se ttin g  is m uch b e tte r  th a n  
an y  o th e r—it co rresponds to th e  above-m en­
tioned  op tim um  frequency .

F o r  th is  op tim um  frequency  w e now plo t w h a t 
we call the  co n s ta n t frequ en cy  curve. T h is

F ig  6—Amplitude Modulation of M icro-Ray  
Oscillator

cu rve  g ives the  re la tio n  w hich  m u st ex is t be­
tw een  th e  b ia s in g  v o ltag e  on the  reflec ting  elec­
tro d e  an d  th e  vo ltag e  on the  osc illa tin g  elec­
tro d e  to p roduce the  op tim um  frequency . The 
u su a l sh ap e  of such  a  curve  is g iven in F ig u re  4.

The ex p lan a tio n  we have g iven  fo r the  e x is t­
ence of a  h igh  frequency  com ponent in  the  
leak ag e  c u r re n t a long  the  osc illa tin g  electrode 
re a d ily  gives an  ex p lan a tio n  fo r th e  c o n s ta n t 
frequ en cy  curves. F o r  an y  g iven valu e  of the  
v o ltag e  on the  o sc illa tin g  electrode, A w ill have  
a  fixed valu e  an d  the  energy  w hich  w ill be 
av a ilab le  in  th e  sy s tem  for su s ta in in g  th e  oscil­
la tio n s w ill depend on B. The b est condition  will 
correspond  to the  m ax im um  n eg a tiv e  value  of

g(co A) +  g  (o> B ) (21)

and, a s  th e  f i r s t 'p a r t  is fixed, to th e  m ax im um  
neg a tiv e  value  of

E (® B ),

i.e., from  eq u a tio n  16 (in  the  case of p lane  

87r
elec trodes) caB = ------ app ro x im ate ly . (22)

2

T his m eans th a t  fo r each  p a r t ic u la r  a d ju s tm e n t 
th e  b ias in g  vo ltage  on th e  reflec ting  electrode 
w ill have  to be ad ju s te d  so as to give a p a r t ic u la r  
c o n s ta n t va lu e  to  the  a v e rag e  tim e of t r a n s i t  of 
e lec trons betw een  the  v ir tu a l ca thode and  th e  
o sc illa tin g  electrode. T h is a v e rag e  tim e of t r a n ­
s it  can  be eas ily  ca lcu la ted  by equaling  th e
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k in e tic  eneergy  of th e  e lec tro n  to th e  p ro d u c t of 
th e  ch a rg e  and  th e  p o te n tia l drop. I t  is th u s  
found  th a t

1 (23)

I t  depends on b o th  E® a n d  E r w hich  d e te rm in es 
rx an d  th is  g ives th e  eq u a tio n  of the  c o n s ta n t 
freq u e n cy  curve, F ig . 6, a s  B should  rem a in  
c o n s ta n t a long  th e  curve.

The ex te n t to  w hich  such  a  conclusion  is 
b ack ed  by ex p e rim en t w ill be found  in the  
fo llow ing  tab le  :

E X P E R IM E N T A L C O M PU TED
Q U A N T IT IE S  : Q U A N T IT IE S  :

Eo vo lts —E r vo lts A(10-9Sec) B(10~9Sec)
150 —>57.0 0.30 0.37
200 —52.0 0.26 0.365
220 —45.0 0.25 • 0.37
250 —34.5 0.23 0.375
300 —19.5 0.21 0.38
350 — 9.0 0.20 0.375
400 — 1.5 0.18 0.38

O b serv a tio n s : X =  18.4 cm. T  =  .61 (10-9 Sec).
M ax. o u tp u t show n above.

T h is  tab le  g ives th e  co rre sp o n d in g  v a lu es of 
E o an d  E r fo r one of th e  n u m erous c o n s ta n t f re ­
quency  cu rves we h av e  p lo tted  fo r tu b es of 
w idely  d iffering  s tru c tu re s . The valu e  found  fo r 
B  from  fo rm u la  23 is no t v e ry  d ifferen t from  
th e  v a lu e  w hich  w ould be o b ta ined  by id e n tify ­
in g  th e  p re sen t case w ith  th e  case  of th e  p lane  
electrodes.

I f  fo r every  v a lu e  of A we a d ju s t  the  b ia s  of 
th e  reflec ting  e lectrode so a s  to rep roduce  th e  
op tim um  freq u en cy  of th e  tube , it  is found  th a t  
th e  o u tp u t g iven  by th e  tu b e  v a r ie s  an d  goes 
th ro u g h  a  m ax im um , a s  show n in  F ig u re  5. 
T h is m ax im um  corre sp o n d s to  th e  valu e  of A 
w h ich  g ives to  g (©A) th e  op tim um  value , co r­
resp o n d in g  to  th e  m ax im u m  n eg a tiv e  value  of 
g  (©A) +  g (wB).

In  all th e  ex p e rim en ts  considered  above, th e  
filam en t c u r re n t is k ep t a t  a  c o n s ta n t value.

T h is is so chosen th a t  th e  d iss ip a tio n  on th e  
osc illa tin g  e lectrode nev er exceeds a  reaso n ab le  
value.
8. Application of Constant Frequency Curves to 

Am plitude M odulation
The co n s ta n t frequency  cu rves a re  v ery  im ­

p o r ta n t  fo r th e  co rre c t u tiliz a tio n  of the  m icro ­
r a y  tube. F o r  in stance , th e y  give th e  p oss ib ility  
of o b ta in in g  am p litu d e  m odulation . In  F ig u re  
5, th e  r ig h t-h a n d  side of the  curve  show s th a t  
th e  o u tp u t th e re  v a r ie s  a lm o st lin e a rly  in a  c e r­
ta in  region prov ided  th e  re la tio n  betw een  Eo 
an d  E r follow s the  law  ind ica ted  by F ig u re  4. 
N ow  th is  law  g ives a lso  a  lin e a r  re la tio n  be­
tw een  th e  tw o vo ltages. I t  is th u s  possible to 
ap p ly  the  m o du la tion  v o ltage  on bo th  elec trodes 
in such  a  w ay  a s  to keep th e  co rrec t re la tio n  
betw een th e  vo ltag es app lied  on th e  tube, an d  
consequen tly  the  sam e frequency . I t  w ill th u s  
be g en e ra lly  possib le to  o b ta in  a t  lea s t a  40% 
am p litu d e  m o du la tion  (F ig u re  6).

9. Influence of External Circuit
The pow er w hich  th e  e lectron ic  process inside 

th e  tube  m akes av a ilab le  is d iss ip a ted  in th e  
ex te rn a l c ircu it com prising , as  a lre a d y  explained , 
a  sh o rt tra n sm iss io n  line lead ing  to  a  r a d ia tin g  
doublet.

O scilla tions a re  su s ta in ed  provided th e  a p p a r ­
en t re s is ta n c e  as  view ed from  th e  tube  does no t 
exceed the  n egative  re s is tan ce  produced  by th e  
d ifference of p h ase  betw een  th e  leak ag e  c u rre n t 
an d  the  h igh  freq u en cy  vo ltag e  a long  th e  osc il­
la tin g  electrode.

Supposing th is  condition  to  be fulfilled, th e  
op tim um  frequency  w ill be o b ta in ed  w hen th e  
o sc illa to ry  c ircu it is re so n a n t on th a t  frequency  
fo r w h ich  th e  e lec tron ic  phenom ena inside the  
tu b es a re  ad ju s ted .

In  o rd er to exp ress th is  la s t condition, we m ay  
consider th a t  th e  tube  is eq u iv a len t to a  source 
of energ y  th e  in te rn a l re ac tan ce  of w hich  w ould 
be equal to th e  re a c ta n c e  of a  sh o rt-c ircu ited  
line h av in g  a  w ire  len g th  equal to  the  len g th  of 
th e  w ire  of the  o sc illa tin g  electrode. The c h a r ­
a c te r is tic  im pedance of th a t  line is no t easy  to  
d e term ine , b u t w e m ay  assum e fo r  th e  sak e  of 
sim p lic ity  th a t  it is no t f a r  d ifferen t from  th e  
c h a ra c te r is tic  im pedance of th e  tran sm iss io n  
line w hich  leads to  th e  doublet. I f  th is  be the 
case, th e  condition  fo r  a d ju s tm e n t of th e  e x te r ­
nal c ircu it w ould  sim ply  be w r i t te n :

A 2 1
--------1--------= M  (24)

Xl \2
In  eq u a tio n  24 M is equal to an y  

in teger. A ssum ing  a g a in  th a t  th e  
w aveleng th  along  the  tran sm iss io n  
line is no t v ery  d ifferen t from  th e  
w ave len g th  a long  th e  w ire  of the  
osc illa tin g  electrode, w e finally  g e t :

X =
A+2 1

M
(25)

F ig. 7—E xperim ental Variation of W avelength  
W ith E xternal Circuit

T his should  be considered  a s  an  
ap p ro x im a tio n  an d  g ives a  lin ea r  
re la tio n  betw een  th e  w av e len g th  
and  th e  len g th  of th e  tra n sm iss io n  
line. F ig u re  7 show s som e of th e  
re su lts  g iven  by experim ent.

I t  is to  be expected  th a t  v a r ia tio n  
of th e  len g th  of w ire  in the  oscil­
la tin g  electrode w ill b rin g  ab o u t 
a  change of th e  ra n g e  of w av e­
len g th s p roduced by th e  tube. The 
folloiwing tab le  g ives a  c e r ta in  
num b er of ex p e rim en ta l re su lts  ob­
ta in e d  on tubes, fo r  w hich  the 
len g th  of w ire  of th e  osc illa tin g  

(C ontinued  on P a g e  20)
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THIRD REPORT OF LIAISON COMMIT­
TEE ON AERONAUTIC RADIO RESEARCH

1. I N T R O D U C T I O N
T h is com m ittee h as  functioned  ste ad ily  in a c ­

co rd an ce  w ith  its  anno u n ced  purpose since its  
o rg a n iz a tio n  a t  th e  end of .1929 by th e  A ero­
n a u tic s  B ran ch  of th e  D e p a rtm e n t of Com m erce. 
T h a t  purpose is to  a s s is t  in focusing  th e  a e ro ­
n a u tic  rad io  re se a rc h  w ork  of g o v ern m en ta l and  
in d u s tr ia l  o rg an iza tio n  on th e  ea rly  so lu tion  of 
th e  m o st p ress in g  prob lem s w ith  a  m in im um  of 
d u p lica tio n  of effort. T he com m ittee h as  to do 
p r im a rily  w ith  a e ro n a u tic  rad io  re se a rc h  and  
co n cern s itse lf  w ith  a i r  n av ig a tio n a l a id s o th e r  
th a n  rad io  on ly  to  th e  e x te n t n ecessa ry  to co­
o rd in a te  re sea rch  an d  developm ent in a e ro n a u tic  
ra d io  w ith  p ro g ress in o th e r  fields.

F o llow ing  is a  l is t of th e  m em bers of the  com ­
m itte e  and  the  o rg a n iz a tio n s  by  w hich  th ey  
w e re  designated .
H a r r y  H. Blee, d irec to r  of ae ro n a u tic  develop­

m ent, D ep a rtm en t of C om m erce, ch a irm an .
D r. J . H. D ellinger, R e se a rc h  D ivision, A eron­

a u tic s  B ranch , D e p a r tm e n t of Com m erce, sec­
r e ta ry  (H. D iam ond, a lte rn a te ) .

C apt. A. F . H eg en b erg er, A ir Corps, W a r  D e­
p a r tm e n t (L ieu t. W a lte r  B. H ough, a lte rn a te ) . 

F . C. H in g sb u rg , A irw ay s D ivision, A ero n au tics  
B ran ch , D e p a r tm e n t of Com m erce (H. J. 
W alls , a l te rn a te ) .

T h o rp  H iscock, A e ro n au tica l C ham ber of Com ­
m erce  of A m erica  (H . G. D euteritz , a l te rn a te ) . 

H e rb e r t  H oover, J r ., A m erican  E n g in e erin g  
C ouncil (P a u l G oldsborough, a l te rn a te ) .

D r. L ew is M. H ull, R a d io  M a n u fa c tu re rs  A sso­
c ia tion .

G eorge  W. Lew is, N a tio n a l A dvisory  C om m ittee 
fo r  A eronau tics.

L ie u t. C om m ander A. I. P rice , B u reau  of A eron­
au tic s , N av y  D e p a r tm e n t (L ieut. G. H. De- 
B au n , a lte rn a te ) .

F . M. R yan , I n s t i tu te  of R ad io  E n g in e e rs  (C. C.
S h an g raw , a l te rn a te ) .

R a y  S tea rn s , N a tio n a l E le c trica l M a n u fa c tu re rs  
A ssocia tion  (D. G. L ittle , a l te rn a te ) .
T he first re p o rt of th e  com m ittee, issued  Ju n e  

1, 1930, included a  s ta te m e n t of go v ern m en ta l 
a n d  o th e r  req u irem en ts  affec ting  th is  field of 
re se a rc h , a  su rv ey  o f re se a rc h  in p ro g ress on 
a e ro n a u tic  rad io  p roblem s, an d  p re lim in a ry  con­
clus io n s an d  reco m m en d atio n s a s  to  th e  d irec ­
tio n  of such  re se a rc h  in  th e  fu tu re .

T he com m ittee’s second re p o rt issued  O ctober 
15, 1931, rep o rted  th e  p ro g ress o f ae ro n a u tic  
ra d io  re sea rch  since th e  p u b lica tion  of th e  firs t 
rep o rt. The p re se n t re p o r t  s im ila rly  su m m a r­
izes th e  tre n d  o f  developm ent in th is  field since 
th e  d a te  of the  second rep o rt. M uch specific in ­
fo rm a tio n  on m an y  of th e  item s rep o rted  h e re ­
in is given in th e  p u b lica tio n s  listed  in th e  A p­
p endix .

II. COMMUNICATION IN  AERONAUTICS
A. M ED IU M  F R E Q U E N C IE S  (190 TO 1,500* 

K ILO C Y C L ES)
E x te n siv e  experience  h a s  been accu m u la ted  

in  th e  use of these  freq u en c ies in a irp la n e  oper­
a tio n , la rg e ly  in a i r  t r a n sp o r t  w ork  w ith  the  
D e p a r tm e n t of C om m erce system  of rad io  a id s 
to  a i r  n av ig a tio n . In  th is  sys tem  g round  t r a n s ­
m ittin g  s ta tio n s  give in fo rm a tio n  by rad io  
te lephony  an d  also  ra d io  ran g e-b eaco n  signa ls 
to  a irp la n e s  in flight, on frequencies be tw een  
200 an d  365 k ilocycles. C e rta in  frequencies up 
to  550 k ilocycles a re  u sed  in tw o-w ay  a ir c ra f t
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com m unication , p a r t ic u la r ly  in o v e r-w a te r  se r­
vice.

An im proved 2 -k ilo w att te lephone an d  te le ­
g ra p h  tr a n s m it te r  w as designed  an d  a  num ber 
of these  u n its  w ere  supplied  to th e  D e p artm en t 
of Com m erce. T h is design  prov ides the  m ost 
m odern  p erfo rm an ce  fea tu re s , such  a s  100 p e r­
cen t telephone m o du la tion  from  a  high-efhcienc.v 
c lass  B m o d u la to r w hich  g ives a  to ta l of less 
th a n  6 p ercen t aud io  h arm o n ic  d is to rtio n . R a d io ­
freq u en cy  harm o n ics a re  m inim ized by a  special 
design  of h arm o n ic  filte r and  th e  a r ra n g e m e n t 
also m akes possible co n tinuous v a r ia tio n  of o u t­
p u t coupling  w hile pow er is on th e  tra n sm itte r . 
P la te  and  b ias  pow er supplies a re  ob ta ined  from  
m e rcu ry -v ap o r rec tifie rs  w hich  a re  included in 
the  tr a n s m it te r  unit. No ro ta tin g  equ ipm en t is 
necessary .

T here  w as p ro g ress in th e  developm ent of the  
com bined rad io -te lephone and  ran g e-b eaco n  
t ra n sm itte r , an d  one of th ese  u n its  w as in sta lled  
a t  E lizab e th , N. J. The A ero n au tics  B ran ch  
ex perim en ted  on th e  use of th is  sys tem  w ith  
the T -L  a n te n n a  described  in section  IIIB . The 
new  a n te n n a  w as found  to  be ad v an tag eo u s , 
s im p lify ing  a d ju s tm e n ts  of the  tra n sm itte r  an d  
im proving  the  re lia b ility  of bo th  th e  te lephony  
an d  th e  beacon signa ls . Im pro v em en ts  w ere 
m ade in th e  opera tio n  of th e  t r a n s m itte r  th ro u g h  
the  developm ent o f a n  osc illog raph ic  m ethod  to 
secu re  op tim um  a d ju s tm e n t of the  com ponent 
un its. F lig h t te s ts  w ere m ade w hich  d e m o n s tra t­
ed th e  im proved p erfo rm ance.

T here  w ere a  num ber of ad v an ces in the  d e­
velopm ent of a irp la n e  rad io  receiv ing  a p p a ra tu s . 
A u to m atic  volum e con tro l w as app lied  to com ­
m erc ia l rece iv ing  se ts  used  fo r th e  ra n g e  b ea­
cons. Im p ro v em en ts  w ere  m ade in th e  design  
of th e  p o in te r ty p e  of v isu a l course in d ica to r, 
reducing  w eig h t an d  size an d  ren d e rin g  it m ore 
free  from  th e  effects of v ib ra tio n  an d  ex te rn a l 
in te rfe ren ce . Im n ro v em en ts  w ere  m ade in m e th ­
ods an d  equ ipm en t fo r c a lib ra tin g  v isu a l ind i­
c a to rs  of th e  reed  type. A s tu d y  of such  in d i­
c a to rs  show ed th a t  th ey  re ta in  th e ir  c a lib ra tio n  
w ith  sa t is fa c to ry  constancy . S pecifications w ere 
p rep a red  by  th e  A ero n au tics  B ranch , fo r use by 
rad io  m a n u fa c tu re rs  an d  a ir  t r a n sp o r t  o p era to rs , 
on a irp la n e  rad io  receiv ing  equ ipm ent fo r the  
v isu a l rad io  ran g e-b eaco n  system , the  com bined 
phone an d  beacon system , and  the  rad io  sy s­
tem  of b lind  lan d in g  aids.

A b eg inn ing  w as m ade in th e  m a n u fa c tu re  of 
receiv ing  se ts  fo r  th e  com bined phone an d  b ea ­
con system . T hese receiv ing  se ts  have  an  o u t­
p u t of 500 m illiw a tts  w ith  less th a n  10 percen t 
to ta l h a rm o n ic  d is to rtio n , a  va lu e  h igher th an  
com m on w ith  the  p rev ious a irp la n e  receiv ing  
sets. T h is o u tp u t a llow s a  n u m b er of h e a d ­
phones or reed  in d ica to rs  to be op era ted  on the  
outp ift of th e  receiv ing  se t a t  th e  sam e tim e 
w ith o u t overloading. The receiv ing  se t w as d e ­
signed  to keep cross m odu la tion  an d  h arm on ic  
d is to rtio n  to a  m inm um . I t  h as  an  au to m atic  
volum e con tro l w hich  allow s th e  in p u t v o ltage  
to v a ry  from  15 to  450,000 m icrovolts w ith o u t 
th e  o u tp u t ch an g in g  m ore th a n  50 percen t. The 
a u to m a tic  volum e con tro l does no t in te rfe re  w ith  
voice reception .

One m a n u fa c tu re r  b eg an  th e  developm ent of 
a  su p e rh e te ro d y n e  ty p e  of rad io  rece iv er to  
cover th ese  frequencies w ith  pu sh  b u tto n  or dial
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se lec tion  of s ta tio n s . F ix ed  tu n in g  is prov ided  
fo r a  sing le  frequency , en ab lin g  the  o p e ra to r  to 
sw itc h  in s ta n ta n e o u s ly  to  a  frequency  su itab le  
fo r  lan d in g  aids. All frequencies covered  by a  
ch a in  a re  av a ilab le  by selection. C onversion  of 
the  p re sen t beacon rece iv ers  p re sen ts  som e m e­
ch an ica l difficulties. The firs t step  is to  p rovide 
qu ick  sh if t  to 278 k ilocycles fo r a irp o rt use. W ith  
the  in crease  in n u m b er of s ta tio n s , im proved se­
lec tiv ity  is m an d a to ry . G re a te r  se lec tiv ity  p ra c ­
tica lly  d em ands locked tun ing .
B. M E D IU M -H IG H  F R E Q U E N C IE S  (1,500 TO 

6,000 K ILO C Y C L ES)
In  th e  period  since th e  second re p o rt of the 

com m ittee, th e re  h a s  been g re a tly  in creased  use 
of th e  frequencies betw een  2,800 an d  6,000 k ilo ­
cycles fo r tw o-w ay  p lan e-to -g ro u n d  rad io  te le ­
phony  on th e  scheduled  a i r  t r a n sp o r t  lines of 
th e  U n ited  S ta tes.

C onsiderab le  q u a n ti ta t iv e  d a ta , of a  m ore or 
less ro u tin e  n a tu re , hav e  been collected  on w ave 
p ro p a g a tio n  in th is  frequency  ran g e . W hile  such  
d a ta  lead  d irec tly  to conclusions on th e  c h a ra c ­
te r is tic s  of th e  ra d io  m edium  betw een  a irc ra f t , 
an d  g round , an d  betw een  a irc ra f t ,  no con­
c lusions h ave  been reach ed  w hich  m odify  
to  a n y  sign ifican t e x te n t the  p rev ious concep­
tio n s g en e ra lly  held  by those  ac tiv e  in th is  field. 
T he n a tu r a l  effect of th e  w ork  h as  been to  d i­
v e r t a p p a ra tu s  developm ent m ain ly  in th e  d irec ­
tion  of e lec trica l and  s tru c tu ra l  refinem en t In 
ex is tin g  equ ipm ent, r a th e r  th a n  to w a rd  b asic  
o r fu n d a m e n ta l changes.

T he designs of a i r c ra f t  rad io  rece iv ers  have 
been m odified an d  im proved to  y ield  (a) less 
w eig h t and  space, to g e th e r  w ith  g re a te r  ease of 
o p e ra tio n  fo r  a  g iven e lec trica l p e r fo rm a n c e ; 
(b) in creased  freq u en cy  coverage, w ith  im ­
p roved  se n sitiv ity  in a ll b a n d s ; (c) im proved 
se lec tiv ity  c h a r a c te r i s t ic s ; an d  (d) im proved 
a u to m a tic  volum e contro l. B ro ad ly  speak ing , 
no fu n d a m e n ta lly  new  req u irem en ts  h ave  been 
found  by the  o p e ra tin g  agencies of a  n a tu re  
ca lcu la ted  to d em an d  w ide d e p a r tu re s  from  
ex is tin g  p rac tice  e ith e r  in frequ en cy  or in  o th e r  
p r im a ry  a p p a ra tu s  c h a ra c te r is tic s . The re q u ire ­
m en ts  o rig in a tin g  w ith  th e  u se rs  o f rad io  equ ip­
m en t h ave  been confined to  such  item s a s  (a ) 
longer life ; (b) ph y sica l sim plification , condu­
cive to  low ered  m a in ten an ce  c o s ts ; (c) s im p li­
fied opera tion .

T h ere  h as  also  been a  la rg e  in crease  in  the  
am o u n t of n ig h t flying an d  the  p rac tice  of u s ­
ing tw o frequencies, one fo r d ay  o p e ra tio n  and  
one fo r n igh t, h as  becom e genera l. F re q u en c ies 
betw een  4,9*00 an d  5,700 k ilocycles a re  now  o rd i­
n a r ily  used  in th e  d ay tim e, and  frequencies 
from  2,900 to 3,500 k ilocycles a re  u su a lly  em ­
ployed fo r n ig h t com m unication . T he chan g in g  
fro m  d ay  to  n ig h t freq u en cy  o r  vice v e rsa  
s im u ltan eo u sly  in a ll p lan es over an  ex tensive  
a irw a y  h as  becom e a  se rio u s o p e ra tin g  problem . 
T h is  problem  h a s  been solved by th e  develop­
m en t of new  a irp la n e s  tra n sm itt in g  and  receiv ­
in g  equ ipm ent capab le  of ra p id  a d ju s tm e n t to 
e ith e r  d ay  or n ig h t freq u en cy  w hile the  a irp la n e  
is in flight.

T he receiv ing  se t of th is  hew  equ ipm ent is of 
th e  su p e rh e te ro d y n e  ty p e  a n d  of v ery  g re a t 
se lec tiv ity . T h is m ak es possible th e  s im u lta n ­
eous use of n e a rb y  freq u en cy  chan n e ls  fo r a v ia ­
tio n  te lephony, th u s  fa c ili ta tin g  the  h an d lin g  of 
th e  increased  traffic. The new  equ ipm en t is so 
designed  th a t  its  o p e ra tio n  an d  m a in ten an ce  is 
m uch  sim plified over th a t  h e re to fo re  av a ilab le . 
F o r  exam ple, th e  rad io  rece iv er c ircu its  a re  
p re tu n e d  to  tw o o p e ra tin g  frequencies an d  the 

b ea tin g  o sc illa to r held  c o n s ta n t a t  th e  co rrec t 
freq u en cy  by m eans of q u a r tz  c ry s ta l contro l. 
The ra d io  rece iv er is a lso  p rov ided  w ith  w ide- 
ra n g e  au to m a tic  volum e control, th e reb y  p ra c ­

tica lly  e lim in a tin g  th e  need of m an u a l volum e 
ad ju s tm e n t. T ra n s m itte r  a d ju s tm e n ts  a re  g r e a t ­
ly sim plified by  th e  use of sc reen  g rid  tube , 
avo id ing  th e  n ecessity  of n e u tra liz a tio n  an d  the 
em ploym ent of in te rs ta g e  coupling  u n its  h av in g  
b an d p ass  ch a ra c te r is tic s .

(C ontinued  n ex t m onth)

PRODUCTION AND UTILIZA-
TION OF MICRO-RAYS

(C ontinued  from  P ag e  18) 
electrode w as decreased , b u t th e  d iam e te r  k ep t 
co n s tan t. As show n in th e  tab le , th e  need to 
a d ju s t  th e  av e rag e  tim e of t r a n s i t  of e lec trons 
betw een  th e  filam ent and  th e  osc illa tin g  elec­
tro d e  leads to a n  in crease  of D.C. vo ltag e  a p ­
plied on th e  osc illa tin g  e lectrode and  conse­
q u en tly  to a b igger d issipation . A b e tte r  a l te r ­
n a tiv e  to g e t sh o r te r  w av e len g th  is to reduce 
th e  d iam e te r  of th e  o sc illa tin g  electrode as 
m uch  a s  possible.
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Tube A d ju s t­
m en ts

E o Io --- E r
1054 20 19.32 250 60 32
1055 20 23.1 19.90 220 60 29
1059 20 19.10 230 60 28

1072 18 18.00 270 60 49
1076 18 20 18.04 280 60 47
1084 16 16.82 310 70 39
1085 16 18.'5 17.22 280 60 23
1086 16 16.90 300 60 35
1089 14 14.72 390 40 36
1092 14 15.4 14.72 380 50 29

10. Use of a Transm ission Line Between
Tube Circuit and R adiating System

T he system  considered  above w as used  fo r the  
ex p erim en ts  betw een D over an d  C a la is  on M arch  
31, 1931. The doublet w as p laced a t  th e  focus 
of a  p arab o lo id a l re f le c to r ; it h as been found 
in c e r ta in  cases th a t  it  w ould be m ore conven­
ien t to locate th e  tra n sm ittin g  o r receiv ing  tube  
beh ind  th is  reflec to r in o rd er to con tro l or 
change the  tu b es m ore easily . T h is can  be done 
by m eans of a  tran sm iss io n  line w hich  connects 
th e  osc illa tin g  c ircu it to the ra d ia tin g  system , 
w hich  can  tak e  the  shape  of a  h a lf  w av e-len g th  
a n ten n a .

As prev ious ex p erim en ts  have  show n th a t  re ­
p lac in g  the  doublet, w hich  is of low resis tan ce , 
by a  h a lf-w av e  a n te n n a  in the  ex p e rim en ta l 
sy s tem  show n above in F ig u re  2 did no t give 
qu ite  a s  good re su lts , it  h as  been found neces­
s a ry  to step  dow n the  re s is tan ce  offered by th e  
h a lf-w a v e  a n ten n a , a n d  th is  m ay  be done w ith  a  
q u a r te r  w ave len g th  tran sm iss io n  line, the  c h a r ­
a c te r is tic  im pedance of w hich  is p ro p erly  chos­
en. I t  is a lso  essen tia l to  avoid  all undue losses, 
especia lly  ra d ia tio n  losses in the  tube  o sc illa t­
ing circuit.

T hough  seco n d ary  fac to rs  a re  ce rta in ly  in ­
volved in th e  b eh av io u r of th e  m ic ro -ray  tube  
on w hich  we have experim ented , th e  a ssu m p ­
tions considered  above give a t  lea s t a n  ex p lan ­
a tio n  of th e  m ain  ex p e rim en ta l re su lts  and  lead  
to a  co rre c t d im ension ing  of tube  e lem ents an d  
c ircu its .
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Radio Operators On Industrial Recovery
i

INTRODUCTION
1. In  a  sp ir it  of ap p rec ia tio n , ap p roval, and  

of fu lle s t cooperation , in a n sw e r  to th e  ch a l­
lenge to  lab o r to  accep t the  new  c h a r te r  of 
r ig h ts , an d  in acco rd an ce  w ith  the  su g gestions 
of P re s id e n t R oosevelt an d  th e  policies of the  
N a tio n a l In d u s tr ia l R ecovery  A ct to encourage  
n a tio n a l in d u s tr ia l recovery , to fo ste r f a ir  com ­
pe titio n , to p rovide fo r  th e  co n stru c tio n  of c e r­
ta in  u se fu l public  w orks an d  fo r o th er purposes 
a s  ag reed  to  in conferences, we h erew ith  su b ­
m it fo r ap p ro v a l a  code of f a ir  com petition  and  
w o rk in g  conditions fo r  th e  C om m ercial R ad io  
O p era tin g  P ro fession .

2. W e, th e  A m erican  R ad io  T e leg rap h is ts  A s­
soc ia tion , Inc., w hich  is a n  a sso c ia tio n  of, for, 
an d  by  the A m erican  C om m ercial R ad io  O per­
a to r , w ish  to  file th e  fo llow ing in fo rm a tio n  re ­
la tin g  to the  a c tiv itie s  of th is  A ssocia tion  in 
o rd e r  th a t  w e m ay  be en titled  to  receive the 
b enefits  of th e  p rov isions of the N a tio n a l I n ­
d u s tr ia l  R ecovery  Act.

3. T h is  A ssocia tion  w a s  in co rp o ra ted  u n d e r 
th e  law s of th e  s ta te  of N ew  Y ork on th e  16th 
d a y  of Septem ber, 1.931, to  ra ise  an d  m a in ta in  
che social, techn ica l, and, econom ic s ta tu s  of 
th e  A m erican  C om m ercial R ad io  O p era tin g  P ro ­
fession , to p ro te c t th e  in te re s ts  of A m erican  
L ic ensed  C om m ercial R ad io  O pera to rs, an d  to 
p e rfo rm  an y  serv ice w hich  m ay  a ss is t  in r a is ­
ing  th e  s ta n d a rd s  of com m ercial R ad io  W ork  
or in secu ring  im proved  conditions.

4. A ny person  ho ld ing  a  v a lid  C om m ercial 
R a d io  L icense of a n y  c lass  issued  by the  F e d ­
e ra l R ad io  C om m ission  is eligible to  ac tive  
m em bersh ip  in th is  A ssociation . A ny p erson  in ­
te re s te d  in C om m ercial R ad io  is eligible to  
A sso c ia te  m em bersh ip  in  th is  A ssociation . Any 
person , so elected  by  th e  m em bersh ip  of th is  
A ssociation , is e lig ib le to H o n o ra ry  m em bersh ip  
in th is  A ssociation .

August, 1933

5. M em bers of th is  A ssocia tion  have  m ade a p ­
p lica tio n  fo r m em bersh ip  of th e ir  own volition, 
an d  a t  no tim e h a s  coercion o r d isc rim in a tio n  
been used in g a in in g  m em bers fo r th is  A ssocia­
tion. T h is A ssociation  is in no w ay  w h atso ev er 
connected  w ith , or influenced by an y  em ployers 
o r th e ir  agen ts .

6. W e hav e  v o lu n ta rily  chosen a s  our r e p re ­
se n ta tiv e s  fo r co llective b a r g a in in g :

(1) H o y t S. H ad d o ck
(2) E d w a rd  A. V osseler

I I
D E FIN IT IO N S

1. The te rm  “R ad io  O p era to r” a s  used  h ere ­
in m ean s an y  p erson  who holds a  v a lid  Com ­
m erc ia l R ad io  O p era to r’s L icense of an y  c lass 
as  issued  by th e  F e d e ra l R ad io  Com m ission.

2. The te rm  “fixed s ta tio n ” a s  used  here in  
m eans an y  ra d io -tra n sm ittin g  a p p a ra tu s  used 
a t  a  p a r t ic u la r  location  fo r an y  c lass o f serv ice 
an d  o p e ra ted  u n d e r a  sing le  in s tru m e n t of 
a u th o riza tio n , th is  location  being p e rm an en tly  
located  on land, o th e r  th a n  an  am m teu r sta tio n .

3. T he te rm  “m obile s ta tio n ” as used  herein  
m eans an y  s ta tio n  th a t  is capab le  of being 
m oved an d  o rd in a rily  does move.

4. T he te rm  “em ployer” as  used  here in  m eans 
an y  ind iv idual, com pany, tru s t, co rpo ra tion , or 
governm ent, o r  th e ir  a g e n t w ho in a n y w ay  
w h a tso ev e r o b ta in s th e  serv ice o r se rv ices of 
an y  R adio  O perato r.

5. The te rm  “fra n k in g  p riv ileg e s” a s  used  h ere ­
in m ean s th e  p rac tice  of allow ing  an y  person 
to file fo r tra n sm iss io n  by a n y  rad io  serv ice 
an y th in g  a t  a  r a te  w hich  is below th e  s ta n d a rd  
ra te  ag reed  upon or se t by th e  governm ent.

6. The te rm  “p ress se rv ice” as  used  here in  
m eans th a t  new s tra n sm itte d  fo r recep tion  by 
an y  sta tio n .

7. The te rm  “a ir c ra f t  s ta tio n ” is an y  m obile 
s ta tio n  on bo ard  an  a irc ra ft .

8. T he te rm  “class A v esse l” is used  here in



2 2

to  m ean  a n y  se ago ing  vessel req u ired  by  law  to 
c a r ry  radio .

.9. T he te rm  “class  B v esse l” is used  here in  
to  m ean  an y  seago ing  vesse l o f 5000 or over 
g ro ss  to n n ag e  th a t  is no t req u ired  by law  to 
c a r ry  rad io .

10. T he te rm  “class  C v esse l” is used  here in  
to  m ean  an y  seago ing  vesse l of 1,600 to >5,000 
g ro ss to n n ag e  th a t  is no t req u ired  by law  to  
c a r ry  rad io .

11. The te rm  ’’Chief R ad io  O p e ra to r” is used 
h ere in  to  m ean  th e  o p e ra to r  in ch arg e  of any  
s ta tio n .
,12. The te rm  “2nd R ad io  O p era to r” is used 

h e re in  to  m ean  th e  R ad io  O p era to r  w ho is sec­
ond in c h a rg e  a t  a n y  sta tio n .
13. T he te rm  “3rd R ad io  O p era to r” is used  here 

in to  m ean  the  R ad io  O p era to r  w ho is th ird  in 
ch a rg e  a t  an y  sta tio n .

14. The te rm  “su b seq u en t R adio  O p era to r” is 
u sed  here in  to m ean  an y  R adio  O p era to r  o th e r  
th a n  th e  Chief, 2nd, o r 3rd R ad io  O p era to r  a t 
a n y  sta tio n .

15. The te rm  “q u a r te r s ” is used  h ere in  to  m ean  
a n y  lodgings affo rded  an y  R adio  O p era to r  in 
connection  w ith  h is du ty .

16. T he te rm  “su b s is ten c e” is u sed  h e re in  to 
m ean  an y  com pensation  w h a tso ev e r m ade to  an y  
R ad io  O p era to r  in connection  w ith  q u a r te rs  or 
food or both.

III
MAXIMUM HOURS OF LABOR

1. The m ax im u m  n u m b er of hou rs o f se rv ice  
of an y  R ad io  O p era to r en gaged  o r em ployed a t 
a n y  m obile s ta tio n  sh a ll be e ig h t in each  c a l­
e n d a r  day. No R ad io  O p era to r  en gaged  or em ­
ployed a t  a  m obile s ta tio n  sh a ll be req u ired  to 
w o rk  m ore th a n  8 h o u rs in an y  period  of tw en ty -  
fo u r hours, excep ting  only in case  of d ire  n eces­
sity , in  w hich  ev en t an y  R ad io  O p era to r  m ay  
be req u ired  to  p e rfo rm  serv ices of a  period  in 
excess of the  m ax im u m  n u m b er of h o u rs  of se r­
vice, a s  defined in th is  section, th e  R ad io  O per­
a to r  sh a ll receive from  the em ployer com pen­
sa tio n  a t  a  r a te  w hich  sh a ll be double th e  r a te  
h e re in  p rescrib ed  fo r service.

2. T he m ax im um  n u m b er of h o u rs of service 
of a  R ad io  O p era to r  engag ed  or em ployed a t 
a  fixed s ta tio n  iShall be th ir ty - s ix  h o u rs in each 
c a le n d a r  w eek, w hich  h o u rs  o f serv ice sh a ll be 
so a r ra n g e d  th a t  no R adio  O p era to r  w ill be 
req u ired  to  p erfo rm  m ore th a n  e ig h t h o u rs se r­
vice in an y  period  of tw e n ty -fo u r  hours. F o r  
a ll se rv ices ren d ered  in excess of the  m ax im um  
nu m b er of h o u rs of serv ice, as defined in  th is  
section, the  R ad io  O p era to r  sha ll receive from  
th e  em ployer co m pensation  a t  a  r a te  w hich 
sh a ll be double th e  ra te  h ere in  p re sc rib ed  fo r 
serv ice.

IV
MINIMUM RATES OF PAY

1. The m in im um  co m pensation  w hich  sh a ll be 
p a id  by an y  em ployer to  an y  R ad io  O p era to r  
engaged  or em ployed a t  a  m obile s ta tio n  sh a ll 
be a t  th e  fo llow ing  ra te s , to g e th e r  w ith  q u a r ­
te r s  and  su b s tin en ce  a s  herein p re sc r ib e d :

(1) The C hief R ad io  O p era to r  em ployed a t  a  
m obile s ta tio n  of a  c lass  A vessel sh a ll re ­
ceive a  m in im um  w age of $200.00 per m onth.
(2) The C hief R ad io  O pera to r em ployed a t  a  
m obile s ta tio n  of a  c lass  B vessel sh a ll re ­
ceive a  m in im um  w age of $175.00 p er m onth .
(3) The C hief R ad io  O p era to r  em ployed a t  a  
m obile s ta tio n  of a  c lass  C vessel sh a ll re ­
ceive a  m in im um  w ag e  of $165.00 per m onth.
(4) The 2nd R ad io  O p era to r  em ployed a t  a  
m obile s ta tio n  of a  c lass  A vessel sh a ll re ­
ceive a  m in im um  w age of $190.00 p e r  m onth. 
('5) The 2nd R ad io  O p era to r  em ployed a t  a 
m obile s ta tio n  of a  c lass  B vessel sh a ll re ­
ceive a  m in im um  w age of $125.00 p er m onth.

(6) The 3rd R ad io  O p era to r em ployed a t  a  
m obile s ta tio n  of a  c lass  A vessel sh a ll re ­
ceive a  m in im um  w age of $165.00 per m onth .
(7) A ny subseq u en t R ad io  O p era to r em ployed 
a t  a  m obile s ta tio n  of a n y  c lass vessel sh a ll 
receive a  m in im um  w age of $125.00 per m onth .
2. The m in im um  com pensation  w hich  sha ll 

be p a id  by  an y  em ployer to a n y  R ad io  O p era to r 
engaged  o r em ployed a t  a  fixed s ta tio n  sh a ll 
be a t  the  fo llow ing r a t e s :

(1) C hief R ad io  O p era to r  $250.00 per m onth.
(2) Second R ad io  O p era to r $235.00 per m onth .
(3) T h ird  R ad io  O p era to r  $225.00 per m onth .
(4) S ubsequen t R ad io  O p era to rs  $200.00 per 
m onth .
3. No em ployer sh a ll supp ly  o r c o n tra c t to  

supp ly  an y  R ad io  O p era to r fo r an y  w age w hich
4. A R ad io  O p era to r em ployed on a  vessel th e  

is below the  p rescrib ed  m in im um  w age, 
carg o  of w hich  ren d e rs  th e  vessel p a r tic u la r ly  
suscep tib le  to fa ta l  acc id en ts  o r th e  cargo  of 
w hich  is of su c h  a  n a tu re  th a t  em ploym ent u p ­
on such  a  vessel is d e tr im e n ta l to  h e a lth  i.e., 
vesse ls c a rry in g  cargoes of oil, ores, su lp h u r, 
creosote, m olasses, copra, etc., sh a ll receive in 
ad d itio n  to h is s a la ry  a  com pensation  equal to 
ten  p ercen t o f the  m in im um  sa la ry .

5. A R ad io  O p era to r engaged  or em ployed on 
an y  a ir c ra f t  sh a ll receive in ad d itio n  to h is re g ­
u la r  s a la ry  a  subsistence  an d  q u a r te rs  a llow ­
ance w hich  sh a ll be eq u iv a len t to  fifty  p ercen t 
of h is b ase  sa la ry , if such  q u a r te rs  an d  food 
a re  no t supp lied  ab o a rd  such a n  a irc ra f t , and  
th e  m inim um  com pensation  w hich  sh a ll be paid  
by an y  em ployer to an y  R adio  O p era to r  en ­
g aged  or em ployed a t  an y  m obile s ta tio n  ab o ard  
an y  a ir c ra f t  sh a ll be $165.00 p e r  m onth .

6. A t an y  tim e a  R ad io  O p era to r is req u ested  
o r req u ired  to re p o rt a t  an y  office .in connection  
w ith  h is d u tie s  he is to  receive com pensation  
eq u iv a len t to th e  tra n sp o r ta t io n  fa re s  fo r the  
tr ip  to an d  from  th e  office.

V
CrENERAL

1. The R ad io  O p era to r ab o a rd  a  seago ing  ves­
sel sha ll receive the  sam e respec t, co n sid era ­
tion, a n d /o r  p riv ileges as o th er sen ior officers, 
v aca tio n  p riv ileges included. T h is section  sh a ll 
no t be in te rp re te d  as co n ferrin g  upon th e  R adio  
O p era to r an y  execu tive a u th o r ity  o th er th a n  
in th e  R adio  D ep artm en t.

2. The R ad io  D ep artm en t ab o a rd  seago ing  
vessels sh a ll be a  se p a ra te  d ep a rtm en t, and  the  
personnel of th e  R adio  D ep artm en t sh a ll r a n k  
w ith  the  sen ior deck an d  en g in eer officers and  
the  C hief R ad io  O p era to r sha ll be th e  h ead  of 
the  R adio  D ep artm en t.

3. In  th e  fu tu re  em ployers sh a ll be req u ired  
to  consu lt w ith  an d  n eg o tia te  w ith  a  re p re se n ­
ta tiv e  chosen by th e  A m erican  R ad io  T ele­
g ra p h is ts  A ssociation , Inc., on an y  an d  all m a t­
te rs  th a t  m ay  affect th e  C om m ercial R ad io  
O p e ra to r’s w ork ing  conditions in an y  w ay.

4. All fra n k in g  p riv ileges sh a ll be abolished.
5. No R adio  O p era to r  sha ll p u rsu e  o r be r e ­

qu ired  to p u rsu e  an y  d u ty  or d u ties  w h a tso ­
ever a t  an y  m obile s ta tio n  a t  an y  tim e o th er 
th a n  rad io  o p e ra tin g  an d  specifically  th e  R ad io  
O p era to r  sha ll n o t be engaged  o r em ployed as 
a  d e p a r tm e n ta l o p e ra to r  such  a s  m ate -o p e ra to r , 
p u rse r-o p e ra to r , c le rk -o p e ra to r, c a p ta in -o p e ra ­
to r, se am an -o p e ra to r , etc.

6. Q u a r te rs  supp lied  R adio  O p era to rs  on se a ­
going vessels sh a ll be free  of a ll rad io  a p p a ra t­
us, m ach inery , o r equipm ent. Such q u a r te rs  
sha ll be w ell v en tila ted , w ell ligh ted , con ta in  
accom odations fo r the  p ro p er s to rag e  of th e  
R ad io  O p era to r’s c lo th ing  an d  o th e r  personal 
effects, an d  no t m ore th a n  one R ad io  O pera to r 
sha ll occupy one room.

7. No R adio  O p era to r sha ll be req u ired  to
(C ontinued  on P ag e  32)
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(N o te : A ll com m unications to  th e  V. W. O. A. shou ld  be ad d ressed  to W IL L IA M  J. M cG O N IG LE, 
Office of th e  S ecre ta ry , 112 W illoughby  Ave., B rooklyn , N. Y.

Ye S e c re ta ry  h a s  ju s t  r e tu rn e d  from  a  six 
w eek s’ c ru ise  dow n Chile w ay  to  find th a t  the 
w e a th e r  up here  (N Y ) seem s d e term ined  to 
sh am e th e  h e a t of th e  trop ics. A t the  p re sen t 
w r itin g  th e  th e rm o m e te r  shou ld  be on th e  w ay  
off-sca le . I t  m u st be a t  le a s t 120 deg rees in the 
sh a d e—an d  no shade. O h ! w h a t w ou ldn ’t  we 
g ive fo r  a  r e tu rn  to  th a t  nice spicy fa ll w e a th e r  
w e en co u n te red  in S an tiag o , Chile. A nd by th e  
w a y —w ho do you suppose we m et dow n th e re?  
N one o th e r  th a n  O L E ’ U D A  B. ROSS, fo rm erly  
R a d io  E d ito r  of th e  E v en in g  T eleg ram  before 
i t  m erg ed  w ith  th e  W orld . H e is M an ag e r of 
th e  Wre s te rn  E le c tric  C om pany  for bo th  P e ru  
a n d  Chile hav ing  com plete superv ision  of a ll 
ta lk ie  m ovies in s ta lled  by  th a t  com pany  in 
tho se  coun tries. H e w ishes to  be rem em bered  
to  h is  in n u m erab le  frien d s  in th e  rad io  f r a te r ­
n ity  h ere  in the  s ta te s . M ail ad d ressed  to  him  
c /o  W e s te rn  E le c tric  C om pany  of Chile, S a n ti­
ago, Chile, w ill be m o st w elcom e.

O ur good m em ber E. J . S ten m an  is s till con­
fined to  th e  M arine  H o sp ita l in San F ran c isco . 
W e u rg e  fellow o p e ra to rs , w h e th e r  know n to 
h im  or not, to d rop  up an d  cheer him  w ith  the  
new s of th e  w o rk a d a y  w orld . H e w ill su re  be 
g lad  to  see you.

A cheery  le t te r  from  G eorge C lark , w ho is 
h a n d lin g  the  RCA d isp lay , in  ad d itio n  to re p ­
re se n tin g  the YW OA, a t  th e  C en tu ry  of P ro ­
g re ss  E x p o sitio n  in C hicago. H e say s th e re  have  
been m any , m an y  V E T E R A N  o p era to rs  in to 
see h im  since th e  opening of th e  exposition . W e 

.hope to g e t ou t to see G eorge before th e  E x p o ­
sitio n  closes shop.

K a r l  D a a rs la g  h as  been, fo r  the  p a s t  few  
m o n th s  a t ta c h e d  to th e  Y ach t C ha lena  w hich, 
ju d g in g  from  th e  c a rd s  received  m u st be m ak in g  
a  S can d in av ian  cru ise . The la s t  one we re ­
ceived w as  p o stm ark ed  H E L L . W e look fo rw ard  
to g re e tin g  K a rl on  h is r e tu rn  from  a tru ly  
a m az in g  expedition . W e a re  of th e  belief th a t  
he h ad  no idea th a t  he w ould  ever go th e re  and  
r e tu rn  to  give us ad v an ce  notice.

S co tt G. H opk ins now  o p e ra te s  th e  rad io  
a b o a rd  th e  SS R. G. S te w a rt of the  S ta n d a rd  
S h ipp ing  C om pany ru n n in g  to  South A m erican  
p o r ts  . . . Ted H au b er, o u r M em orial C om m ittee 
c h a irm a n , is connected  w ith  the  R. K. C a rte r  
C om pany  w ith  h e a d q u a r te rs  in  New Y ork City 
.... . P e te r  Podell h a s  m oved to 2819 M orris 
A venue, NYC . . .  In  a  recen t le tte r  W. G. R ich ­
a rd s , P u b lic ity  M a n ag er of th e  M arconi I n te r ­
n a tio n a l M arine C om m unication  C om pany L td., 
of London, E n g lan d , ex p resses  h is in te re s t in 
our A ssocia tion  an d  w illin g n ess to co -opera te  in 
th e  fu rth e ra n c e  of o u r ideals. F o r w hich  we 
sin c e re ly  th a n k  him  . . .  A long and  in te re s tin g  
le t te r  from  Don H a r r is ,  o p e ra to r  a b o a rd  the  
SS G ra y s  H a rb o r  w hich  p lys betw een S ea ttle  
an d  th e  O rient, in w hich  he com m ends th e  w ork  
of th e  Ja p a n e se  o p e ra to r  a b o a rd  the  SS O regon 
M a ru  in the  rescue  of th e  su rv iv o rs  of th e  SS 
N evada . O ur A ssocia tion  a w a rd e d  a  T estim on ia l 
S croll to  M oichiro H id a , th e  o p e ra to r  in q u es­
tion , a t  our la s t A n n u a l D in n er . . . W e a re  ever 
an x io u s  to o b ta in  re p o rts  on th e  w o rk  p e r­
fo rm ed  by  rad io  o p e ra to rs  in  sa fe g u a rd in g  life 
a t  sea  Com plete d e ta ils  shou ld  be included fo r 
o u r  files. A ddress a ll co m m unications to  the 
se c re ta ry  a t th e  above address .

Ye S e c re ta ry  accom pan ied  by our T re a su re r, 
V. H. C. E berlin , 2nd, h ad  the  p leasu re  of show ­
ing th e  s ig h ts  of th e  G R E A T E R  CITY  to Mr. 
H id a  on h is recen t f irs t v is it to  th e  m etropolis. 
H e seem ed p erfe c tly  sa tisfied  to view  the  E m ­
p ire  S ta te  T ow er from  ato p  a  F if th  A venue bus 
an d  desp ite  our rep ea ted  u rg in g  we fa iled  to 
inveig le him  in to  m ak in g  th e  tr ip  to th e  tow er. 
H e d em o n s tra ted  th e  tru e  O rien ta l th o u g h tfu l­
ness by p resen tin g  F re d  M uller, our president,, 
w ith  a  Ja p a n e se  “W A T E R G IR L ” s ta tu e . The 
S e c re ta ry  an d  T re a su re r  w ere th e  rec ip ien ts  
each  of a  pu re  silk  han d k erch ie f. Mr. H id a  
com m ended A m erican  o p e ra to rs  fo r th e ir  excel­
len t rad io  opera ting . H e w ishes it  to  be know n 
th a t  he considers it a  re a l p leasu re  to w ork  
A m erican  rad io  s ta tio n s . H e b ro u g h t w ith  h im  
a  m essage  of fe lic ita tio n  from  th e  officers of 
th e  Ja p a n e se  R adio  O p era to rs  A ssociation .

O scar Oehm en, rad io  o p e ra to r  ab o a rd  th e  
M ail B o a t th e  P re s id en t, jo in s as  a  V E T E R A N  
m em ber. Mr. Shannon, also  on th e  sta ff of the  
P re s id en t, d id som e excellen t com m unications 
w ork  in h an d lin g  m essages, to  an d  from  the  
S ec re ta ry , v ia  a m a te u r  rad io  d u rin g  th e  S ou th  
A m erican  cru ise. A nd as a  re su lt  our in te re s t 
in  a m a te u r  rad io  h as been reborn . B efore m an y  
m oons you m ay  look fo r W 2A SN -W 2A EK  back  
on th e  a i r  from  the  office of the  se c re ta ry . 
Should you h e a r  u s—tell us th e  t r u th  ab o u t o u r  
sigs. . . H a r ry  H. O lm stead  w rite s  from  T e x a r ­
k a n a  ( th a t ’s th e  place th a t  en roach es on th re e  
s ta te  b o u n d ary  lines—isn ’t it? )  re g re ttin g  th a t  
he w as un ab le  to be w ith  us a t  th e  sm oker. H e 
expects to  g e t to  th e  C en tu ry  of P ro g ress. 
Good luck H H O . . . A fte r  a  long silence we 
w ere p leased  to a g a in  receive w ord  from  A lonzo 
S. C arro ll, life m em ber an d  a  fo rm er d irecto r. 
H e is now  s ta tio n ed  on th e  C oast G u ard  D e­
s tro y e r  H ern d o n  out of B oston  . . .  A. C am inetsky  
w ho sees to it th a t  re a l T A L K  em a n a te s  fro m  
th e  ta lk ie s  p re sen ted  a t  the  T ivoli T h e a tre  m 
B rook lyn  re p o rts  th a t  h is ad d ress  h as  changed. 
H e con tin u es to  reside  in B rooklyn, how ever . . . 
A th a n  C csm as, w ho h a s  been ru n n in g  around  
th e  w orld  fo r som e few  y e a rs  now, hopes th a t  
he w ill be in p o rt a t  the  tim e of one of our 
fu tu re  a ffa irs . U n fo rtu n a te ly  he m issed  the  
sm oker a s  w ell as  a ll of our p rev ious functions 
. . . C lin ton  F. Gluck, E N T E R T A IN E R  P A R  E X ­
C E L L E N C E , m em ber of th e  o p e ra tin g  sta ff a t  
W JZ  a t  B ound B rook, N. J., re p o rts  h av in g  
en joyed  t h e . STAG im m ensely. W e su re  en ­
joyed  h is effo rts . . . H. R. W rig h t now  “m a n ’s” 
th e  key  on th e  SS H elen  w hich  ru n s  from  B a lti­
m ore so u th  . . . D irec to r  E m e ry  H. I. Lee, fo r­
m erly  a c tin g  S u perv iso r of R ad io  in N ew  York, 
la te r  tra n s fe r re d  to the  D e tro it S u p erv iso r’s 
office is now  located  in  W ash in g to n , D. C. W e 
w ish  him  luck in h is new ass ig n m en t . . . B en­
ja m in  G T em pest, w ho lives a t  the  L ynm ore 
w hile in N ew  York, jo in s a s  a  V E T E R A N  m em ­
b er . . . H o y t S. H addock , P re s id e n t of th e  A m er­
ican  R ad io  T e leg rap h is ts  A ssociation , recen tly  
jo ined  as  an  A ssocia te  m em ber . . . V. H. C. 
E berlin , 2nd, ou r tr e a s u re r  p erfo rm ed  an  excel­
len t job of se c re ta ry in g  d u rin g  ou r absence. 
N ow  i t ’s tim e fo r  him  to ta k e  a  v acation . J u s t  
a t  th e  tim e w hen w e’re  re a d y  fo r an o th e r  one, 
too. W e hope to ge t a  g roup  of th e  local m em -
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(C ontinued  from  P ag e  13) 
p lac in g  th e  c ry s ta l by a  c a p a c ity  equal to Cu 
in  F ig u re  2.

B y  a  su itab le  choice of R i an d  R2 th e  sm all 
dip in a t te n u a tio n  a t  the  m in im um  value  m ay  
be m ade negligible. The ra p id  rise  be­
tw een  fo and  foo is th e n  of th e  type 
req u ired  by th e  p re se n t problem , p ro ­
v ided  th e  red u c tio n  in a tte n u a tio n  o u t­
side th is  ra n g e  is no t too rap id  to p e r ­
m it th e  m ain  filte r to a t ta in  the  re ­
q u ired  value  before  th e  c ry s ta l a t te n ­
u a tio n  becom es neglig ib le. The se ries 
a r ra n g e m e n t is su itab le  for th e  case 
in w h ich  th e  low er sid eb an d  is to be 
tra n sm itte d  an d  the  sh u n t condition  
fo r th e  u p p er sid eb an d  case.

I f  th e  a t te n u a tio n  due to the  c ry s­
ta l  in F ig u re  <5 is ex p ressed  in te rm s 
of (foo— fo) it is found  th a t  th e  d iffer­
ence betw een  th e  a t te n u a tio n  a t  foo 
a n d  th a t  a t  freq u en c ies w ell rem ote 
from  foo is g re a te s t  w hen (foo —  fo is 
g re a te s t  w hile  th is  q u a n ti ty  can n o t possib ly  ex­
ceed a  c e r ta in  m ax im u m  v a lu e  dete rm in ed  by 
th e  p iezo -e lec tric  p ro p e rtie s  of q u a rtz , T hus a 
fam ily  of cu rves fo r F ig u re  4a in w hich  foo —  fo 
is decreased  by ad d in g  c ap ac ity  in p a ra lle l w ith  
th e  c ry s ta l w ould be a s  show n in F ig u re  6.

A s the  effect of a  cap ac ity  in se ries w ith  the 
c ry s ta l, such  as  th a t  due to an  a ir  gap, m ay  be 
show n to be equ a lly  adverse , it is ev iden t th a t  
considerab le  p recau tio n s  a re  n ecessa ry  if th e  
op tim um  re su lts  a re  to  be obtained .

O p era tin g  C ircu it
T he c ry s ta l m ay  be included  betw een  su itab le

re s is ta n c e  betw een the  s ta g es  of a  2 valve re ­
sis tance-coup led  am plifier as  show n in F ig u re  7. 
The re s is ta n c e s  Ri, R2, an d  R3, to g e th e r  w ith  
th e  in te rn a l im pedance of valve Vi, a re  chosen 
to give a  c ircu it o f su itab le  im pedance.

The v a lu e  of R3 m u st be kep t sm all com pared  
w ith  th a t  of the  g rid -filam en t im pedance, in o r­
d er to  en su re  th a t  th e  effective se ries  reac tan ce  
of the  com bination  is v ery  low com pared  w ith  
th a t  of Ci fo r the  c ry s ta l, since o therw ise  th e

effective re so n a n t frequency  fo w ill be increased .
The re s is tan ce  R4 se rves to relieve th e  c ry s ta l 

of e le c tro s ta tic  s tre s s  due to the  p la te  b a tte ry  
vo ltage , and  the  condenser C is m ere ly  a  block­
ing  condenser.

R esu lts
F ig u re  8 show s th re e  curves, o b ta ined  in the 

m a n n e r  described, w ith  the  c ry s ta l in series, 
w ith  a to ta l re s is ta n c e  of 200,000 ohms.

C urve (1) w as ta k e n  w ith  th e  c ry s ta l alone, 
i.e., a s  show n in F ig u re  7.

C urve (2) show s the  effect of add in g  in p a r ­
alle l w ith  the  c ry s ta l a  c ap ac ity  h av in g  the  

value %Ci, th e  a n ti- re so n a n t freq u e n ­
cy being  reduced  b u t th e  re so n a n t f re ­
quency rem a in in g  unchanged .

C urve (3) w as ta k e n  w ith  a  sm all 
capac ity  in se ries w ith  th e  c ry s ta l. I t  
is seen th a t  in th is  case it is th e  reso n ­
a n t frequ en cy  w hich  is m odified, th e  
a n ti- re so n a n t frequency  being su b s ta n ­
tia lly  unchanged . The im portance  of 
avo id ing  these cap ac ities  is th u s  ex ­
p e rim en ta lly  verified.

W ith  such a  com bination  a t  each  
te rm in a l of th e  c a r r ie r  sys tem  w o rk ­
ing in con junction  w ith  m ain  filte rs  
in w hich  a  steep  cut-off is ob ta in ed  
b u t u n d es irab le  reflec tion  effects a re  
m inim ized by m eans of su itab le  im ­
pedance correction , ad eq u a te  d isc rim i­
n a tio n  a g a in s t the  u n w an ted  sideband, 
even w hen allow ance is m ade fo r th e  
effect of te m p e ra tu re  v a r ia tio n , can  be 
ob ta ined  fo r in p u t voice frequencies 
as  low a s  30 p :s.

F ig u re  7

b ers  to g e th e r  befo re  th e  sum m er is ou t fo r a 
tr ip  S O M E W H E R E . F u r th e r  d e ta ils  w ill be 
inc luded  in th e  n ex t issue of our B u lle tin  w hich  
w ill be ou t sh o r tly

P L E A S E  N O T E  C H A N G E  O F S E C R E T A R Y ’S 
A D D R E SS ! ! ! A L L  C O M M U N IC A TIO N S F O R  
T H E  A SSO C IA TIO N  SH O U LD  B E  M A IL E D  
TO T H E  A BO V E A D D R ESS. W H IL E  M A IL  
S E N T  TO OUR F O R M E R  A D D R ESS W IL L  B E  
F O R W A R D E D , IT  W IL L  E X P E D IT E  M A T­
T E R S  IF  T H E  A BO V E A D D R ESS IS  U SED  
F O R  A L L  CO M M U NICATIONS.

JUST BETWEEN OURSELVES
I t  is no t easy  to re s is t th e  p re ssu re  th a t  is 

b ro u g h t to  b e a r  fo r th is  o r th a t  cause. B oiling  
it a ll down, it  is u n fo rtu n a te  th a t  m an y  in te r ­
es ts  becom e too closely involved in th e ir  own 
a ffa irs  to see th e  good th e  o th e r  fellow  is do­
ing.

“L ive and  le t live,” or a g a in  “A house se t 
a g a in s t itse lf  can n o t s ta n d ,” should  suffice as  
a  w o rth y  rem in d e r th a t  we do no t in tend  to 
becom e em broiled, w hen a  com m on purpose is 
c laim ed  by  those  concerned. W e hope the  sam e 
a tt i tu d e  is adop ted  by every  in te re s t a im ing  in 
a n  h o n st w ay  to  b e tte r  th e  a ffa irs  of “sp a rk s .”
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SIMPILFICATION OF RADIO 
RANGE BEACON POSITION AND 

QUADRANT IDENTIFICATION
(C ontinued from  P a g e  11) 

con lo ca ted  a t  O, figure 1, on  course OF. As 
long a s  he rem ain s n o r th e a s t of the beacon, he 
h e a rs  th e  2 dots an d  the  3 d o ts  loud. Upon p a s s ­
ing  over the  beacon on to cou rse  OD so u th w est 
of th e  beacon, th e  1 do t an d  th e  4 dots becom e 
loud. T h u s the beacon location  m ay  be found 
w ith  a n  accu racy  depending  upon the  frequency  
of tran sm iss io n  of th e  id en tifica tion  signals .

F ig u re  2 show s th e  fo u r s ig n a ls  as  se n t in 
th e  fo u r d ifferen t d irec tions, each  w ith  a  d irec ­
tiv e  c h a ra c te r is tic  of a  card io id . T h is d irec ­
tio n a l c h a ra c te r is tic  is o b ta in ed  by p ro p er p h a s­
ing  of th e  c u rre n ts  in tw o opposite  a n te n n a s  of 
the  T -L  a n te n n a  sy s tem  as now  being in sta lled  
a t  a  num b er of rad io  ra n g e  beacon sta tio n s . 
T h is  p h as in g  ta k e s  p lace w ith in  th e  beacon

til NORTH
—|

Figure 3.

house, no ch anges to  th e  a n te n n a  or tr a n sm is ­
sion lines being n ecessa ry .
1. A PPLICATIO N TO THE VISUAL, AURAL, 

A ND COMBINED VISUAL AND AURAL  
RADIO RANGE

T he re su lts  th u s  f a r  ob ta in ed  ind ica te  th a t  
th is  m ethod  of course an d  q u a d ra n t iden tifica ­
tion  is app licab le  to  e ith e r  th e  au ra l, v isua l, or 
com bined a u ra l  an d  v isu a l rad io  ran g e  beacon 
system .

A ural System
In  th e  case of th e  a u ra l  system , the  se t of 

ca rd io id  d irec tio n a l iden tifica tio n  signa ls is sen t 
w hen  th e  A and  N course  s ig n a ls  a re  in te r ru p t­
ed fo r the  tra n sm iss io n  of th e  beacon s ta tio n  
iden tifica tio n  le tte r . T he do t an d  2-dot sig n a ls  
m ay  be sen t d u rin g  one in te rru p tio n  an d  the 
3-dot an d  4-dot s ig n a ls  se n t d u rin g  th e  n ex t in ­
te r ru p tio n . A bout 2 seconds a re  req u ired  fo r 
th e  tra n sm iss io n  of th e  do t an d  2 do ts an d  3 
seconds fo r the  3 an d  4 dots. E ach  se t should  

be rep ea ted  once re q u irin g  a  to ta l  of 10 seconds

every  2 or 3 m inu tes, as desired . The rep e titio n  
is ad v isab le  especia lly  in tim e of bad  s ta tic . If  
resired , th e  fo u r s ig n a ls  m ay  be se n t consecu­
tive ly , b u t a  tim e .'interval betw een  the  firs t tw o 
an d  th e  second tw o s ig n a ls  g ives th e  p ilo t m ore 
tim e to in te rp re t them . An a d v a n ta g e  of send­
ing th e  s ig n a ls  consecu tively  is th a t  it doubles 
the  freq u en cy  of th e ir  occurrence.

V isual System  
In  the  case of th e  v isua l rad io  ran g e  beacon 

system , th e  double m odu la tion  65-cycle and  
86 2-3-cycle course s ig n a ls  a re  in te rru p te d  only 
fo r th e  tim e in te rv a l of each  do t of the  se ries  
of iden tifica tion  signa ls . D u rin g  the  spaces be­
tw een  th e  dots, th e  course sig n a l is on again . 
The id en tifica tion  dot s ig n a ls  a re  purposely  
m ade of v ery  sh o rt d u ra tio n  so th a t  the  course 
s ig n a ls  a re  in te rru p te d  fo r such  a  sh o rt in te r­
va l of tim e th a t  the  reeds in the  v isu a l course 
in d ic a to r  do n o t h ave  tim e  to drop  excep t ab o u t 
one th ird  th e ir  am plitude . As the  reeds a re  eq u a l­
ly dam ped, th e  re la tiv e  am p litu d e  of th e  tw o 
reeds does no t change d u rin g  th is  drop, so th a t  
th e  course ind ica tio n s of th e  reed  in d ica to r  a re

no t ap p re c ia ­
bly affected by 
the  iden tifica­
tion  do t s ig ­
nals.

The effect *of 
the iden tifica­
tion  s ig n a ls  is 
even less n o ti­
ceable on the 
p o in te r  type of 
course ind ica­
tion, a s  the 
h igh  dam ping  
on th e  m icro­
am m ete r  used 
as  th e  course 
ind ica to r, w ill 
n o t  a l l o w  
the  needle to 
move a p p re c i- / 
a b l y  d u rin g  
th e  v ery  sh o rt 
in te rru p tio n  of 
th e  b e a c o n  
course signals . 
F u r th e rm  o r e ,  
w hen flying on 
course, a s  is 
u s u a l l y  the 
case, th e  needle 
is a t  its  null 
p o s i t i o n  to 
w hich  it n o r­
m ally  re tu rn s

w hen th e  course signa l is no t p resen t, w hich  is 
the  case a t  th e  in s ta n t  of send ing  the  do ts of 
th e  card io id  signal.

Combined Aural and V isual System  
The ap p lica tio n  to  th is  system  is a  com bina­

tion  of the  ap p lica tio n  to the  a u ra l  an d  v isu a l 
system s. The a u ra l  course s ig n a ls  a re  in te r ­
ru p ted  fo r the  space of tim e (10 seconds) re ­
qu ired  to send tw o se ts  of id en tifica tion  signals , 
w hile v isu a l course s ig n a ls  a re  in te rru p te d  on ly  
fo r the  period  of each dot.
2. CIRCUIT ARRAN GEM ENT FOR SENDING  

THE CARDIOID DOT SIGNALS
One of th e  c ircu it a r ra n g e m e n ts  used  in a p ­

p ly ing  th is  m ethod  of course and  q u a d ra n t iden ­
tifica tion  is show n in figure 3. The T -L  ty p e  of 
beacon tra n sm itt in g  a n te n n a  system , described  
in th e  Ju ly  15, 1932, issue of A ir Com m erce B u l­
letin , is em ployed. The tra n s m it te r  used  in the 
te s ts  w as of the  v isu a l beacon type. The pow er 
from  th e  tra n sm itt in g  se t is coupled in to  the 
t ra n sm iss io n  lines th ro u g h  th e  coupling  coils
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A a n d  B. W ith  the  coils A an d  B a t  the  po in ts 
C an d  D, respec tive ly , th e  f igu re-o f-e igh t course 
s ig n a ls  a re  sent. B y  m oving coil A to  p o in t El 
an d  sh o r t-c irc u itin g  th e  n o r th -so u th  tr a n sm is ­
sion lines, th e  p h ase  re la tio n  of the  c u r re n ts  in 
th e  e a s t an d  w est a n te n n a s  is such th a t  a 
ca rd io id  d irec tio n a l s ig n a l is se n t in a  w es te rly  
d irec tion . B y m oving coil A to  po in t F , the  
p h ase  re la tio n s  a re  such  th a t  th e  card io id  sig ­
n a l is se n t in  an  e a s te rly  d irec tion . D u rin g  these  
ca rd io id  tra n sm iss io n s  vo ltag e  of 1,000-cycle 
freq u en cy  is supp lied  to th e  m o d u la to r  c ircu its  
of th e  tr a n s m it te r  in s tea d  of th e  u su a l 65-cycle 
an d  86 2-3-cycle v o ltages. In  a  s im ila r  fash ion , 
if coil B  is m oved to p o in t G an d  the  e a s t  and  
w es t tra n sm iss io n  lines sh o rt-c ircu ited , a  c a r ­
dioid s ig n a l is sen t no rth , w hile w hen coil B is 
m oved to  po in t H , th e  card io id  s ig n a l is sen t 
sou th .

In  o rd e r  to  m ak e  th e  quick  changes from  the  
figu re-o f-e ig h t tra n sm iss io n  used  fo r th e  beacon 
course  s ig n a ls  to  th e  card io id  do t s ig n a ls  an d  
fro m  th e  65-cycle an d  86 2-3-cycle m odu la tio n  t  ) 
1,000-cycle m odu la tion , a  sy s tem  of re la y s  is 
u sed  to  th ro w  th e  coupling  coil A from  p o in t 
C to  E  or F  an d  coupling  coil B from  po in t D 
to  G or H, a n d  also  to  th ro w  1,000-cycle m od­
u la tio n  on the  tw o  m o d u la to rs  in  th e  t r a n s m it­
te r.

A n im proved c ircu it a r ra n g e m e n t fo r accom ­
p lish in g  the  d irec tio n a l tra n sm iss io n s  h as  m ore 
recen tly  been developed, b u t is no t described  
h ere  because  of lim ited  space. The new  a r ra n g e ­
m en t reduces co n sid erab ly  th e  am o u n t of a d d ­
ed equ ip m en t req u ired  and  also  p rov ides fo r 
in crease d  s ta b ility  of th e  card io id  p a tte rn s . The 
a r ra n g e m e n t em ploys a  3-w inding t ra n s fo rm e r  
fo r feed ing  pow er to  each  p a ir  of tra n sm iss io n  
lines, w h ereby  th e  tw o v e r tic a l e lem ents of each  
T -B  a n te n n a  a re  m ad e  to  ra d ia te  180° ou t of 
p h ase  to p roduce  a  figu re-o f-e ig h t c h a ra c te r is tic  
an d  sim u ltan eo u s ly  to  ra d ia te  in p h ase  fo r ob ­
ta in in g  c irc u la r  ra d ia tio n . The ra tio  of c irc u la r  
to  fig u re -o f-e ig h t ra d ia tio n  is ad ju s te d  so th a t  
the  sum  of th e  tw o  p roduces a  ca rd io id  space 
p a tte rn .
8. APPLIC A TIO N  OF THE ID EN TIFIC A T IO N

SIGNALS TO THE E ST A B L ISH E D  AIRW AY
RADIO RANGE SYSTEM .
The re su lts  of th e  ex p e rim en ta l w ork  on th is  

sy s tem  in d ica te  th a t  it m ay  be read ily  app lied  
to  ex is tin g  beacon  s ta tio n s  of e ith e r  the  v isu a l 
o r a u ra l  ty p es u s in g  th e  T -L  a n te n n a  system . 
I t  req u ire s  no a l te ra t io n s  to  th e  a n te n n a  s tru c ­
tu re  b u t m erely  adds re la y s  and  p h as in g  sec­
tio n s in th e  tra n sm iss io n  line c ircu its  inside the 
beacon  s ta tio n  house. A m o to r-d riv en  code w heel 
is a lso  req u ired  in th e  case of the  v isu a l beacon 
an d  a  code w heel g ea red  to  th e  m o to r o p e ra tin g  
th e  in te rlo c k in g  A -N  sw itch  in th e  case of th e  
a u ra l  beacon.

T here  a re  th re e  m ethods of ap p ly ing  th e  c a r ­
d io id  tra n sm iss io n s  to fit in w ith  th e  e s tab lish ed  
a i r w a y s :

1. The sim ple cases w here  the  T -L  a n te n n a s  
a re  la id  ou t a lo n g  th e  fo u r c a rd in a l p o in ts of 
th e  com pass, a s  show n in figures 1 an d  2, in 
w h ich  case the  1 do t is a lw ay s  sen t w est, 2 dots 
eas t, 3 do ts n o rth , an d  4 do ts south.

2. C ases w h ere  th e  T -L  a n te n n a s  a re  la id  
o u t w ith o u t a n y  re la tio n  to  th e  fo u r c a rd in a l 
p o in ts  of th e  com pass. T here  a re  tw o a l te rn a ­
tiv e  m ethods u n d e r  th is  h e a d in g :

a. E ith e r  to  tr a n s m it  a  card io id  sig n a l from  
b o th  T -L  a n te n n a  sy s tem s s im u ltan eo u sly  such 
th a t  th e  r e s u lta n t  ca rd io id  will be in  a  d irec ­
tio n  co rre sp o n d in g  to  a  c a rd in a l po in t of th e  
com pass, th is  being  done fo r  each  of th e  fo u r 
c a rd in a l p o in ts of th e  com pass re su ltin g  in c a r ­
d io id  s ig n a ls  a s  in case 1, or

b. To t r a n s m it  the  ca rd io id  s ig n a l in th e  d i­

rec tion  of th e  T -L  a n te n n a s  an d  prov ide th e  
p ilo t w ith  a  se t of ru les  an d  a  m ap  show ing the  
d irec tio n  of tra n sm iss io n  of th e  card io id  sig n a ls  
fo r each  beacon.

Of th e  tw o cases, a  and  b, th e  la t te r  seem s 
p re fe rra b le  as the  s im u ltan eo u s tran sm iss io n  of 
tw o card io ids req u ired  in case a  com plicates 
th e  r a d io -tra n sm ittin g  equ ipm ent som ew hat.

In fo rm a tio n  fo r P ilo t’s C h a rt 
C onsidering  case  b there fo re , w here  th e  c a r ­

dioid s ig n a ls  a re  sen t in fo u r d ifferen t d irec tions 
no t co incid ing w ith  th e  fo u r c a rd in a l po in ts of

A B g C

B
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Figure 4.

th e  com pass, it is only n ecessa ry  to  i l lu s tra te  the  
d irec tio n  of tra n sm iss io n  of th e  coded iden tifica­
tion  sig n a l on the  p ilo t’s c h a r t  of each  beacon 
w hich  he should  h ave  a t  h an d  to give him  all 
th e  n ecessa ry  in fo rm atio n . Such a  c h a r t  illu s­
tr a t in g  th e  ap p lica tio n  of th is  m ethod  to  th re e  
beacons, d es ig n a ted  a s  A, B, an d  C, respec tively , 
is show n in figure 4. H ere  th e  Nos. 1, 2, 3, an d  4 
in d ic a te  the  sec to rs  w here  the dot s ig n a l o f th a t  
num b er m ay  be h eard . The sm all circled  c ro ss­
es re p re se n t th e  lay -o u t of th e  fou r an ten n as , 
d ifferen tly  located  w ith  resp ec t to  th e  p o in ts of 
the  com pass in each  case. Now, assu m e a  p ilo t 
to be lost. F ro m  th e  beacon iden tifica tion  le tte r  
w hich, le t us sa y  is (D) — . he finds he is re ­
ceiv ing  the  “B ” rad io  ra n g e  beacon. H e also 
finds from  h is beacon  course s ig n a l th a t  he is 
in an  A or 65-cycle q u a d ra n t. W hen th e  1-dot 
an d  2-dot q u a d ra n t  an d  course card io id  iden tifi­
ca tion  a re  h eard , see figure 4, a t  a, a ssum e th a t  
th e  1-dot an d  2-dot s ig n a ls  a re  som ew here n e a r  
equal in in te n s i ty ; th e  p ilo t is e ith e r  in the  
reg ion  M n o rth w e st of the  beacon or in the  r e ­
gion N  so u th e a st of the  beacon. W hen  th e  3-dot 
an d  4-dot s ig n a ls  a re  h eard , figure 4 a t  b, th e  
3 do ts a re  inaud ib le  w hile th e  4 do ts a re  very  
loud. T his im m ed ia te ly  p laces th e  p ilo t defin ite­
ly som ew here so u th e a st of th e  “B ” beacon, in 
th e  reg ion  N.

E ven  th o u g h  th e  beacon  m ay  have b en t co u rs­
es a s  show n, th e  id en tifica tion  m ethod  holds 
good since a  d ifferen t com bination  of s tro n g  and  
w eak  sig n a ls  w ill a lw ay s  be received on each  
d ifferen t course an d  q u a d ra n t.

In  a  few  special cases w here  th e  fo u r courses 
a re  a lined  a p p ro x im a te ly  a long  th e  lines of di- 

(C ontinued  on P ag e  32)
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“P R O ”

The W orld's Finest

PROFESSIONAL S-W RECEIVER
A new  m odel in tro d u ces a  novel in te rp re ta tio n  of “S in g le -S ig n a l” se lec tiv ity  w ith  

a  q u a r tz  c ry s ta l  filter.

A flip of a  sw itch  on the  f ro n t pan e l in s ta n tly  conv erts  th e  s ta n d a rd  “P ro ” to the 
c ry s ta l “P ro .” A n o th er f ro n t-p a n e l con tro l v a rie s  the  response  c h a ra c te r is tic s  of 
the  c ry s ta l filter, w ith o u t d e tu n in g  the  c ircu it or red u c in g  efficiency in any  respec t. 
T hese fe a tu re s  a re  exclusively  in  the  COM ET “P R O ” , and  still fu r th e r  e s tab lish  
the lead e rsh ip  of th is  w o rld -fam ous sh o rt-w av e  superh e te ro d y n e .

Write Dept. CQ-8, Hammarlund 
Mfg. Co., 424 W. 33rd St., New York, 
for General Catalog “ 33,” and book­
let describing the COMET “PRO’5 
in detail.
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A ddress a ll com m unications for In te rn a tio n a l  
B ro th erh o o d  of E le c tr ic a l W o rk ers , R ad io  D i­
v ision , to : M r. T hom as R . M cLean, Special
R e p re se n ta tiv e , In te rn a tio n a l  B ro therhood  of 
E le c tr ic a l 'W orkers, 1200 F if te e n th  St., N. W ., 
W ash in g to n , I). C.

Mr. F ra n k  E. G rade  h a v in g  resigned  a s  paid  
N ew  Y ork R e p re se n ta tiv e  of rad io  o p era to rs , 
M r. Lou Ju rg e n se n  h a s  been appo in ted  in h is 
s tead . Good luck Lou, we know  you w ill w ork 
h a rd  fo r  us.

A greem en ts  b e tw een  o u r  o rg an iza tio n  and  
b ro a d c a s t s ta tio n  ow ners a re  rap id ly  being 
p re se n te d  in o rd e r  to  speed up the  fu n c tio n in g  
of N IR A . S h o rte r  h o u rs an d  a  decen t w age 
w ith  b e tte r  w o rk in g  co nd itions a re  being  de­
m anded .

In te rn a tio n a l  S pecia l R ad io  R e p re se n ta tiv e  
M cLean, a rriv e d  in  N ew  Y ork by p lane  from  
th e  W est in o rd e r  to  a d ju s t  m a tte rs  w ith  of­
fic ials of C olum bia S ystem  w ho it is claim ed 
a re  ob jec ting  to  o rg a n iz a tio n  by th e ir  men.

M r. M cLean w ill ta k e  th e  p a r t  of b ro a d c a s t 
o p e ra to rs , public ad d re ss  m en, etc., on p re sen ­
ta t io n  of R ad io  Code. H e w ill be ab ly  su p p o rt­
ed  by the legal m inds an d  econom ic e x p e rts  of 
th e  A m erican  F e d e ra tio n  of L abor, who by th is  
tim e  have h ad  co n sid erab le  experience in the  
h a n d lin g  of such  m a tte rs .

As re g a rd s  rep re se n ta tio n  of b ro a d c a s t o p er­
a to rs , if you have  no t a lre a d y  reg is te red  y o u r 
nam e an d  s ta tio n  w ith  th e  o rg an iza tio n , you 
a re  in v ited  to do so a t  once. I t  costs n o th in g  
bu t a p o stag e  s ta m p  to  hav e  y o u rse lf re p re ­
sen ted  d u rin g  th e  d iscussion  of a  code before 
N IR A .

A defin ite code fo r b ro ad cas t o p e ra to rs  is be­
ing p rep a red  an d  m odeled a f te r  th e  conditions 
ex is tin g  in union o p era ted  s ta tio n s  of St. Louis, 
b u t in all p ro b ab ilitie s  w hen th e  tim e a r r iv e s  it 
w ill n a rro w  dow n to  a n  ag reem en t betw een 
s ta tio n  ow ners an d  o rg an iza tio n  re p re se n ta tiv e s  
w ith  N IR A  as ju d g es an d  finally  an  accep tance  
of th e  best te rm s p rocu rab le .

U nion o p e ra to rs  in St. Louis, Chicago, an d  
o th e r  a lre a d y  o rgan ized  p o in ts a re  asked  to 
send  in item s fo r pub lica tio n  in our section  of 
CQ each  m o n th  to  keep th e  boys inform ed.

In  an sw er to m an y  inqu iries th is  rad io  d iv i­
sion h as been in ex istence  fo r seven y e a rs  and  
h a s  h ad  a  tra v e lin g  rep re se n ta tiv e  on th e  road  
fo r over th re e  y ea rs . I t  h as  also  h ad  a  rep re sen ­
ta tiv e  in N ew  Y ork fo r  th e  p a s t fo u r y ears.

W e hope the  sound m en’s s itu a tio n  in H o lly ­
w ood w ill be a d ju s te d  soon to  th e  sa tis fa c tio n  
of a ll concerned. F ra n k ly  we do not like s tr ik e s  
an d  h ave  only  h ad  tw o officially sa nctioned  
s tr ik e s  in seven y ears . A s tr ik e  should  be a  
la s t  re so r t w hen all o th e r  n eg o tia tio n s fa il a b ­
solu tely .

A com m ittee of seven re p re se n ta tiv e  m em bers 
h as  been ap p o in ted  in G re a te r  N ew  Y ork to 
han d le  m em b ers’ p rob lem s an d  fo r th e  conduct 
of g en e ra l b usiness of th e  local B.C. opera to r. 
P lease  reg is te r , w h e th e r  you need a n  o p e ra to r  
or a  job.

M any old frien d s h ave  called  us up recen tly  
since we s ta r te d  ac tiv itie s  in the  N ew  Y ork 
a rea . K eep com ing—we need each  o ther.
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(C on tinued  from  P ag e  9)

th e  k a is e r in ’ ta k e s  possession  of m y c h a ir  a n ’ 
s i ts  w a tch in  me, haw K -eyed.

T u n in ’ dow n on phone w aves, I b rin g  in the 
S an  Jose jxadio S h a n ty  s w ash -tu o  jazz  m a tte r  : 
“ Yer gocter see m om m er e ^ ’ry  n ign t, tidd le  de 
p .unk , u a n a n a s  an d  a sn c a n s—honk, konk, bo­
log n a—

‘E lim in a te  t h a t !” sn a p s  th e  old b a ttle -a x e , 
g la r in  a t  me, m urd ero u s-iik e .

‘'E x cu se  m e ,” I m u rm u rs , h as tily . “I  took it 
fe r  a  R igolecti op’ra . W ith  th is  I p roceeds to 
tu n e  in ‘T he F lie s  L o ss-E nnghelles, C aleefor- 
rn e e a ,” w hereupon  from  th e  lo u d -sp eak er bu sts  
o u t a ro a r  o f : “D esfac e ra d e ro  de m ee c a s a ! 
He vee b esando-le  a h  m ee m o o h air ! Con cooch- 
eellyo  le m a ta r - r - r - e - e - e !”

‘W h a t do you m ean  by th is, s i r !” fla res the 
k a is e rin  of th e  B obolink. “I w a n t you to tune  
in K a le  B ro th e rs , Inc., of S an  F ra n c isco , w here 
on m e p ip e -o rg an  to n ig h t Subein  G otchow ski 
is go ing  to p lay  ‘‘The Soul K iss .”

‘ I ’m so rry , out the  K ale  boys a in ’t b ro ad - 
c a s t in ’,” I  rep lies, re g re tfu l a s  th e  R e ic h sta g  ex ­
p la in in ’ to  th e  F re n c h y s  ab o u t th e  w a r  debt. 
‘‘T h ey ’ve gone b a n k ru p t b u y in ’ p ipes fo r th e ir  
o rg an  f a s t  a s  old k id  G otchow ski sp lits  ’em .” 

W ith  a  h ostile  sniff, th e  em press of th e  B ob­
o link  ta k e s  h e r  d e p a r tu re . R elieved, I m ak es  up 
m y p ress  new s and  send  copies dow n to th e  
m essroom s.

The n e x t even ing  I finds th e  y o u n g er P irk y  in 
m y sh acx  ro o tin ’ in to  the  sh ip ’s lib ra ry , w hich  
is  kep t in a  bookcase in th e  w ire less house ; and  
ju s t  a s  I com e in I ca tc h  him  d e lib e ra te ly  
te a r in g  a  page  ou t of a  book w hich  is t i tle d  
“D ay s a n d  N ig h ts  on th e  Is th m u s .”

“I 'm  g e t t in ’ a  couple of p ic tu re s  th a t  Z okur 
I I  w a n ts  to  t r y  to copy w ith  one of h is cam ­
e ra s ,” he says, fresh -lik e , w hen  I  ca ll him  on 
it. Z ukor w as one of th e  w ipers th a t  the  kid 
h ad  ta k e n  fo r a  buddy. H e h ad  a  ole r a t t le - t r a p  
c a m era  m ach in e  th a t  he sh o t m oving p ic tu re s 
w ith

A fte r  la n d in ’ the  k id  ro u g h ly  out on th e  b o a t- 
dack, I s tep  dow n to  the  sa loon p a n try  to  get 
a  cup of coffee, on ly  to h e a r  th e  sh rill w h istle  
of m y m o to r-g e n e ra to r  sudden ly  s t a r t  up. 
D a sh in ’ b ack  up onto  the  boat-deck , I finds the 
old k a s 'e rm  in m y sh a ck  ag a in , w hile  h e r  kid 
E lm er is s i t t in ’ in m y c h a ir  w ith  the  phones 
over h is h ead  a n ’ h is fingers on th e  key. 

“W h a . th ’ H ad es  !” I  beg ins—
“C ease th a t  cu rsing , s ir  !” sn a p s th e  old b a ttle -  

axe. “I ’m h av in g  E lm e r call up th e  s ta tio n  a t  
Eos A ng les to find ou t w hen H am b u rg e rs  H om e 
F rie n d  F u rn itu re  C om pany  is going to b ro a d ­
c a s t the  R ev eren d  S a ra h  H o ts te tte r ’s serm on 
“W om an th e  G oddess ; M an th e  B e a s t.”

“B y th ’ holy w h isk e rs  of T ro tz k y ! You g it 
o u t ’a  here, bo th  a ’ you !” I  yells ; th en  g ra b b in ’ 
th e  m u tt E lm e r  by  th e  scuff of h is neck, I s lam s 
h im  w ith  a te e th - ja r r in ’ bum p a g a in s t th e  op­
posite  bu lkhead .

“You w r e tc h !” sn a r ls  th e  old shew olf of the  
B obolink. S n a tc h in ’ up a  h eav y  in su la to r , she 
la n d s  me a c ra c k  over m y dum bbell o b lig a ta  th a t  
m ak es m e see a  show er of sh o o tin ’ s ta rs , fo l­
low ed by  n o th in ’ a t  all.* * * * *

Two d ay s  ou t from  th e  C anal, w hen on Zieg- 
field S tu b b s’ m o rn in g  w a tc h  he an d  I a re  s i t t in ’ 
u n d e r a  v e n tila to r  a longside  the  sing ing  tu rb in e  
h a v in ’ a  checker b a ttle  on a  g re a sy  old hom e­
m ad e  b o a rd  w hich  is k ep t h id beh ind  th e  feed ­
pum p w hen  no t in use.

Ziegfield, g la n c in ’ up a t  th e  g au g eb o ard  ov er­
h ead  le ts  out a  y e ll:

“My g o r .y , iookit th a t  s te am —dow n tw elve 
pounds !” F u m in ’ a n ’ sp u tte r in ’ he dashes out 
in to  th e  fireroom , an d  I, like a  fool g oat, fo l­
lows. S tep p in ’ out of the a lley w ay  betw een  the  
boilers, we see the  firem an  h as  one fire out, 
p ro b ab ly  to ch an g e  a b u rn e r  tip , a n ’ is t r y in ’ 

M art it again  by squirtin’ th e  ho t crude  oil 
from  the  b u rn e r  nozzie onto th e  red  glow ing 
fire-b rick  in th e  fu rnace .

“H i there , y a  id jit—sh u t th a t  off !” yells Z ieg­
field, fu rious-like . “G it a  to rch  ! G it a to rch  ! Do 
y a  w a n t a  b low -back—

A t th is  in s ta n t, th e  fu rn ac e  fu ll of ho t crude  
o 'l ta k e s  off w ith  a  te rrific  w -h-o-m  ! th a t  k icks 
ou t th e  doors of th e  b o ile r-fro n t a n ’ sends us all 
sk id d in ’ ac ro ss the  floor-p la tes in  a  b lin d in ’ 
sw irl of flam e a n ’ fire-brick , w hile from  over- 

ead  com es th e  ro a r  of a s te am lin e  blow -out.
“G o o d n ig h t!” how ls Z iegfield—a d an c in ’ T a s ­

m an ian  devil p a in ted  w ith  crude oil a n ’ ashes, 
he g ra b s  h is m onkey w rench  a n ’ v an ish es in to  
the  sm oke, w hile I sp it ou t a  couple chun k s of 
ho t b rick  a n ’ c raw l up topside th ro u g h  the  
s te am  a n ’ sm ut.

A rriv in g  on th e  boat-deck , I o bserves A dolph 
Z okur I I  up on top of a  pile of l i fe -ra f ts  fo r­
w a rd  of m y sh ack  excited ly  g r in d in ’ a  p ic tu re  
of the  big fo u r-m a ste d  ex -G erm an  sq u a re -r ig g e r  
S charm beck , w hich  is s ta n d in ’ close abeam  ; and  
a s  we lunge an d  ro ll b ro ad sid e  to  in th e  heavy  
sea  w ith  ou r eng ine stopped, o u r g rim y  young  
G reek  cam e ra m a n  g ra d u a lly  sw ings h is m a ­
chine a ro u n d  a ft, fo llow ing the  big w in d jam m er 
an d  a t  the  sam e tim e sw eeping the  decks an d  
topw ork  of the  B obolink.

S h o rtly  a f te r  g e tt in ’ in to  m y coop a n ’ ru b b in ’ 
off som e of th e  oil a n ’ soot p la s te re d  a ll over 
me, I g e ts a  r in g  from  th e  b ridge  to w a rn  an y  
n e a rb y  ships th a t  we a re  ly ing  hove to.

U pon lig h tin g  up m y tubes, how ever, I d is ­
cover a dead  s tilln ess  on th e  e ther, such  as  
follow s an  SOS call. I w a its  a  few  m in u te s ; 
th en  b eg in n in ’ to  w onder if som e sh ip  is in d is­
tre ss , I steps in w ith  a  cau tio u s CQ a n ’ a sk s  
w h a t all the  e a r th q u a k e  is about.

“W here  ye been—asleep !” c ra sh e s  in a  h igh- 
r itc h e d  o il-tan k  H ertz . “D id n ’t  y a  copy th a t  
QST a  w hile ag o ? ”

“No, w h a t w as it? ” I replies.
“H ere  c o p y !” com es back  the  ta n k e r  b ra ss -  

poun d er ; an d  he h an d s  me th e  “la rg e s t la n d ­
slid e” th a t  everybody  h as  a lre a d y  h e a rd  about. * * * * *

O’d P irk y  tu rn e d  in a  m essage  to N ew  Y ork 
a sk in g  for o rd e rs  ; b u t since a  couple hu n d red  
o th e r  sk ip p e rs  have  done the  sam e th in g  th e re  
is now  such a dead lock  on the  a ir  th a t  it looks 
like I ’ll have to  w a it a w eek to  slip  a  d ash  in 
edgew ise. F in a lly  I resolves to  come on wdde 
open a n ’ tr y  to b u st th ro u g h  to som ew here ; bu t 
w hile sc rew in ’ up m y tr a n s m it te r  to fu ll pow er 
I does th e  ham m y  tr ic k  of g e tt in ’ a  tu rn  of m y 
phone-cord  a ro u n d  a  clip on th e  quenched  g ap — 
a n ’ w hen I shove on the  key  th e re  is a  c ra sh  
like all of Ziegfield S tu b b s’ bo ilers h ave  exp lod­
ed in m y ears , follow ed by a  se n sa tio n  th a t  I 
am  a ’ a v ia to r  fu ll of bootleg w r it in ’ m y nam e 
in t h ’ sky  over N ew  Y ork.

W hen  Z iegfield w ith  a b ucket of icew ate r 
b rin g s  m e to som e tim e la te r  ly in ’ u n d e r my 
desk  w ith  m y h ead  b ack  of the  m o to r-g en e ra to r , 
I finds n o th in ’ re m a in in ’ of m y phone-cord  bu t 
a s tre a k  of ch arcoal, w hile m y fo u r v acuum  
tu b es h ave  th a t  g la ssy  six -fifty -gonetohell look 
th a t  we ail know  too well.

T h a t se ttle s  th e  com m unication  d ep a rtm en t 
of th e  B obolink  th e  re s t  of th e  w ay  to P an am a . 
Two n ig h ts  la te r  we creep  in to  th e  b ay  a t  B a l­
boa, expecting  to find it choked up w ith  a  sw ell­
ing  fleet of d e lay ed  ships. W e fa il to see m ore 
th a n  tw o  or th re e  an ch o r ligh ts, how ever, and
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a t  d a y b re a k  we d iscover th e  h a rb o r  is em pty  
sa v e  fo r  a  deep loaded  T id e -F la t o il-tan k e r, a  
d ir ty  J a p  tra m p  w ith  a  list, a n ’ a  ru s t- s tre a k e d  
f re ig h te r  of th e  D o lla r-S q u eezer L ine. B y th is  
tim e , like old k id  M arce llus, I am  g e tt in ’ a  
stronjg h u nch  th a t  so m e th in ’ is ro tte n  in D en­
m ark .

A s th e  sun com es up g low ing an d  ho t from  
b ey o n d  th e  d is ta n t  C olom bian hills, th e  p o rt 
d o c to r  a n d  can a l p ilo ts com e ou t to us in th e ir  
sp eed y  w h ite  launches.

“H ow  is the  s lid e?” a re  ou r firs t w ords, as  
th e  p ilo t pu ts h is w h ite  duck s over th e  ra il.

“T h ere  is no slide !” he replied , w earily , as  if 
h is  to n g u e  w as sore from  re p e a tin g  th is  th ing .

“T h ere  is no s l id e !’’ echoes old P irk y  a n ’ a 
d o zen  o thers, a s to u n d e d ; th en  everybody  tu rn s  
loose a  b a rra g e  of b lack  looks in m y d irection .

“H av e  some s tra w b e rr ie s , S p a rk s  !’’ sn e ers  old 
P i r k y ’s k id  E lm er, sa rca s tic - lik e .

“T h is  is an  o u trag eo u s  so r t of jo k e !” fum es 
th e  old she-w olf of th e  B obolink, an g rily . “F red , 
y o u  w ill rem ove th a t  m an  fro m  the rad io  room  
a n d  le t E lm er do h is w ork  the  re s t of th e  w ay  
to  N ew  Y ork.”

“H ow  abo u t th a t  b ro a d c a s t from  B a lb o a ? ” 
I  d em an d s, cooly.

“I t  is a  fo rg e ry ,” rep lies  th e  pilot. “B a lb o a  
h a s  been  sh u t dow n five d ay s fo r th e  in s ta l la ­
tio n  of new  equ ipm ent. T h a t m essage  w as sen t 
o u t fro m  some s h ip ; an d  ev en tu a lly  it w ill be 
k n o w n  from  w h a t ship. The C anal a rm y  officials 
a n d  th e  n av a l rad io  a re  in v e s tig a tin g  ev ery  ves­
sel p ass in g  th ro u g h  th e  locks—here com es th e ir  
b o a t, now .”

G la n c in ’ over th e  ra il, I  see a  fa s t  g ra y  m oto r- 
b o a t fu ll of a rm y  a n ’ n av y  gold s tr ip e rs , and  
one c iv ilian  g ink , cornin’ a longside. D irec tly  
th e y  a re  aboard , a  couple of them  c a rry in g  
b u n d les  of c h a r ts  a n ’ p apers. C a llin ’ old P irk y  
as ide , th e y  all go up  topside  to the  ch art-ro o m , 
w h ile  I r e tu rn  to  m y sh a ck  w ith  a  k in d  of om ­

inous fee lin ’ th a t  so m e th in ’s go in ’ to happen.
A nd d irec tly  it  does. T h ir ty  m in u tes la te r  I 

am  called  up in to  the  ch artro o m , w here  I am  
co n fro n ted  by five h a rd  faces a n ’ a  p a ir  of h a n d ­
cuffs.

“Mr. Jones, you  a re  u n d e r a r r e s t ,” announces 
th e  k ing -p in  of the  g o ld s tr ip e rs , steely -like, 
“You a re  ch a rg ed  w ith  o r ig in a tin g  an d  b ro a d ­
c a s tin g  th is  fa lse  ra d io g ra m  of th e  C u leb ra  slide, 
an d  w ith  fo rg in g  th e  call le tte rs  N BA  a s  a  s ig ­
n a tu re .”

“Say, look here, how  do y a  g it th is  w a y ? ”
I dem ands, b a c k in ’ off. “ Show me how you do 
y o u r stu ff !”

The g o ld -s tr ip e r  p au ses a  m om ent.
“ Yes, I ’ll show  you ,” he snaps. “W hen  you 

b eg an  to tr a n sm it  th a t  m essage  the  n a v a l lis­
te n e rs  here on A ncon H ill rea lized  a t  once th a t  
it  w as fo rg e ry  arid th ey  app lied  th e ir  rad io  com ­
p ass to y o u r signa ls , w hile by qu ick  ac tio n  on 
the  w ire  to Cape M ala we ob ta in ed  an o th e r  
b e a rin g  on you from  th a t  s ta tio n . I t  fo rtu n a te ly  
h ap p en s th a t  th e  d e s tro y e r  Z ane an d  th e  scout- 
c ru s ie r  O m aha, w hich  a re  ly ing  off th e  co ast 
of C osta  R ica  c a rry in g  on som e s ta tic  ex p eri­
m ents, becam e susp icious because y o u r sig n a ls  
seem ed too s tro n g  to be from  N B A  an d  also- 
took b e a rin g s  on you. F ro m  B a lboa y o u r s ig n a ls  
bore 265 deg rees tru e , from  C ape M ala  28,3, 
from  the  Z ane com ing out of th e  G ulf of N icoyo 
190 plus, an d  from  the  O m aha off th e  G rande 
del T e rra b a  R iv er 242 plus. T hese b ea rin g s  coin­
cide a c c u ra te ly  in a  p o in t in th e  P acific in L a ti­
tu d e  8-3,1 N o rth  an d  28-28 W est. B y refe ren ce  
to th e  log of th e  S teel B obolink  an d  a  d ead -reck ­
on ing  ca lcu la tion , we find th is  sh ip  precisely  
in th is  position  a t  9 :02 A. M., Ju ly  16th—the 
tim e w hen th e  fa lse  b ro a d c a s t w as com pleted .”

F o r  a  m inu te, I am  too dazed  to sa y  a  w ord.
“T h e re ’s so m e th in ’ w rong  w ith  those  b e a r in ’s,” 

I  sp u tte rs , finally.
“ You m ig h t c la im  th a t  if we h ad  only tw o of
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30
th em —b u t no t w hen y ou’ve been cau g h t on four 
com passes, an d  th e  read in g s  ag ree  a s  these  do ,” 
sn a p s  the  g o ld -s .r ip e r, p o in tin g  to th e  c h a r t, 
w here  th e  fo u r lines have  been la id  down.

“I t ’s phony  som ew here ,” I in sis ts , d e sp e ra te ­
ly. “T h a t m essage  n ev er cam e from  th is  sh ip  ” 

“T h a t’s fo r you to p ro v e ,” re tu rn s  the  gold- 
s tr ip e r , cu rtly . “Mr. Ja m es, the  h an d cu ffs .”

T he in v e s tig a to rs  w ere f irs t going to pull me 
off the  sh ip  ; b u t finding th ey  have to ta k e  me 
to the  S ta te s  fo r a  p re lim in a ry  h ea rin g  before 
a  ra d io  in specto r, th ey  decide to keep m e ab o a rd  
th e  B obolink  w ith  a  g u a rd , w hile a  n av y  g a d ­
g e t  is g iven  specia l d e ta il to pound the  b ra ss  
on th e  r e tu rn  from  C risto b a l to N ew  York.

D u rin g  th e  e ig h t d ay s  of th is  p assag e  I  don’t 
s i t  a ro u n d  a n ’ b a th e  th e  deck c a rp e t w ith  te a rs , 
fo r  by th is  tim e I hav e  go t a couple of ideas. 
B e ing  a llow ed  v isito rs, I call in Ziegfield S tubbs 
an d  in s tru c t h im  to  fe tch  me a  c e r ta in  book 
o u t of th e  sh ip ’s lib ra ry .

“Now, Z iegfield ,” I te lls  him , w hen  I  have 
looked in to  th e  book an d  found w h a t I w an ted , 
“A fte r  su p p e r th is  even ing  you sw ipe th ’ su g a r 
bow l off th e  sa loon  ta b le —the one up a t  old 
P irk y ’s end—

“My g o rry , S park y , I ’ve jis t  th o u g h t of som e­
th in ’ !” b u s ts  ou t Ziegfield, excited-like. “T h a t 
G erm an  w in d jam m er. T hem  n av y  com passes 
could  be a fo u l of him , because he w as close on 
u s th a t  m o rn in ’, a n ’ Z o k u r’s m ovin’ p itc h e rs ’ll 
p rove  it. !”

“I a in ’t  fo rg o t th a t ,” I replies. “The firs t 
ch an ce  you get, go b ack  in to  th e  crew ’s q u a r ­
te rs  a n ’ g a th e r  in  every  foot of A dolph Z o k u r’s 
p ic tu re  film you can  find, an d  b rin g  it  up h e re .” 

T he n e x t m o rn in g  the  s te w a rd  g ives th e  s a ­
loon googoo a  b lack  eye over the  m iss in ’ su g a r  
bowl, b e liev in ’ t h ’ flunky h as  broke it a n ’ th rew  
it overboard , w hile  Z ok u r I I  se ts  up  a  te rrif ic  
how l over h is s to len  celluloid t r e a s u r e s ; bu t 
since Z iegfield h as  p assed  a ll these  th in g s  in to  
m y  sta te ro o m  th ro u g h  a  ou tside portho le , n e ith e r  
m y g u a rd  no r an y b o d y  else d ream ed  I h ad  them  
stow ed  u n d e r m y bunk.

U pon o u r a r r iv a l  in N ew  Y ork, w here  the  
fro n t page of th e  n ew sp ap ers  a lre a d y  h ave  me 
n ine a n ’ n in e - te n th s  of th e  w ay  in to  a  tig e r-  
s tr ip ed  u n ifo rm  p la y in ’ rock-p ile  b illia rd s  w ith  
sa fe -c ra c k e rs  a n ’ c o u n te rfe ite rs , I am  v isited  
by a  officious young  law -tw is te r  lu rk in ’ behind 
a  p a ir  of H a ro ld  L loyd spectac les, w ho 
h a s  been se n t dow n by m y old frien d  k id  C un­
n ingham . T his b ird  s ta r t s  in e x p lan in ’ how  h e ’s 
go in in ’ to  pull off a  lo t of phony b lack -is-w h ite  
stu ff to  save  me from  so jo u rn in g  the  re s t  of m y 
life beh ind  th e  g ra y  stone  w alls.

“Say, look here. B one-S hells,” I  cu ts  in  on 
h im , sho rt-lik e . “H e re ’s w h a t you hav e  to  d o : 
F irs t , ge t me a copy of th e  1916 ed ition  of A r­
th u r  B o lla rd ’s book ‘D ay s an d  N ig h ts  on the 
I s th m u s ’,” th en  on th e  m o rn in g  th e  b ig show 
s ta r t s  in th e  rad io  in sp e c to r’s office, h av e  up 
th e re  w ith o u t fa il Z iegfield S tubbs, h is oiler, 
firem an, old P irk y ’s k id  E lm er, th e  b la c k -g a n g ’s 
A dolph Z okur II, a fin g e r-p rin t expert, a  m ov in ’ 
p ic tu re  m ach ine  a n ’ a  o p e ra to r  fo r it, an d  the 
log of th e  S teel Bobolink. T ake th is  s tr ip  of 
n eg a tiv e  m o tio n -p ic tu re  film I got here  a n ’ have 
a  positive, p rin te d  off i t ; b rin g  it up also. T hen  
w e’ll see w ho g e ts  th ’ s tra w b e rr ie s .”

T en o’clock in  th e  m orn ing , tw o d ay s  la te r , 
w e a re  all assem b led  in the  rad io  in sp e c to r's  
h a n g o u t dow n in  th e  B a tte ry  cu stom house— 
E lm e r P irk y  being  accom panied , of course, by 
th e  k a ise rin . In  th e  opening scene of th e  first 
ac t, th e  a rm y  an d  n av y  g o ld -s tr ip e rs  show  th e ir  
c h a r ts , com pass b ea rin g s, and  th e  S teel B obo­
lin k ’s position .

“T h is seem s p re tty  conclusive ev idence,” ob­
se rv e s  th e  ra d io  in specto r, g iv in ’ m e th e  cold

eye “W h a t h ave  you to sa y  in your defense, 
Mr. Jo n e s? ”

“E ven  so. I d id n ’t send ou t th a t  ra d io g ra m ,” 
I sa y s  c o o l- lik e ; th en  I tu rn s  to  th e  k ing-p in  
of th e  g o ld -str ip e rs . “T h a t fake  b ro a d c a s t w as 
sene ou t a t  9:02 A. M., w a sn ’t i t? ”

“I t  w a s ,” he replies.
“All r ig h t I can  prove by Ziegfield S tubbs, 

h is oiler, a n ’ h is firem an, th a t  from  8 :30 to 9 :0<5 
I w as dow n in the  eng ine-room —er—h elp in ’ 
Z iegfield to an a ly ze  a  te s t- tu b e  of boiler feed 
w a te r—

“H u h —y uh  c a n ’t prove th a t  by me, th o u g h  !” 
b reak s  in A dolph Z okur II, a f te r  ex ch an g in ’ a  
quick  g lance  w ith  P irk y ’s k id  E lm er. “I w as 
c lean in ’ oil p an s  u n d e r th e  tu rb in e , and  you 
w ere s i t t in ’ u n d e r the  v en tila to r  p la y in ’ checkers 
w ith  the  th ird  a s s is ta n t  u n til th e  b low -back  in 
th e  fireroom , w hich  w as before nine o’clock. 
You w ent up th en , an d  I nev er saw  you a f te r  
th a t ,  a n ’ n e ith e r  did anybody  else in the  engine- 
room  !”

The^o is a  ten se  silence, excep t fo r th e  g rit-  
t in ’ of Z iegfield’s te e th  as  he g la re s  b lo o d th irs ty - 
like a t  Z okur II.

“All r ig h t, w e’ll drop th a t  a  m in u te ,” I  says, 
recov erin g  m y s e lf ; th en  I  tu rn  to th e  finger­
p r in t expert, w hom  B one-Shells h as  b rough t, 
acco rd in g  to in s tru c tio n s.

“W ill you ta k e  p r in ts  of bo th  th a t  sn ip e’s 
thum bs, p lease .” I po in ts a t  E lm er P irk y .

“W h a d d a y a  t r y in ’ to d o !” sn a rls  th e  kid, 
su rly -like , as  all eyes tu rn  to w ard  him. “Y a 
th in k  y o u ’re  go in ’ t ’ h an g  th is  on m e ju s t  be­
cau se  I ’m a 'r a d io  a m a te u r  and  h appened  to be 
on b o ard  w ith  th is  Jo n es g u y !”

“Indeed, th e  idea !” exclaim s th e  o ld -she-w olf 
of the  Bobolink, ferociously . “W h a t does m y 
E lm er know  of G overnor Belloc an d  s to ries  of 
e a P h  e ru p tio n s? ” H e is too innocen t and  open- 
m inded  even to th in k  of such  a  cunn ing  decep­
tive  piece of fo rg e ry  !”

“Y ou’re  r ig h t, old rock ja w ,” I re tu rn s , 
cooly. “H e d id n ’t w rite  it—he h a s n ’t  go t b ra in s  
enough .”

“Come here an d  hold out y o u r h a n d ” b re a k s  
in the  f in g er-p rin te r, cu rtly , m otion ing  young  
P irk v  to a sm all tab le , w here  he h a s  a  couple 
of sheets of w hite  p ap er, to g e th e r  w ith  ink and 
ro l’er. R e lu c ta n tly , E lm er P irk y  com es fo rw ard , 
th e  f in g e r-p rin te r  sm e ars  h is le f t th u m b  w ith  
ink  and  ro lls it over one of th e  pieces of p ap e r 
on th e  tab le  ; th en  th e  sam e w ith  th e  o ther.

“Now',” I says, w hen th is  h a s  been done. 
“ I ’ve got a book here by A r th u r  B o lla rd  called  
“D ays and  N ig h ts  on th e  Is th m u s ,” w hich  it 
wron’t be h a rd  to  prove belongs to th e  sh ip  li­
b r a ry  on th e  B obolink. P ag e  173 h as  been to rn  
out. a s  you can  see, w hile here on  page 175 is 
a  th u m b -p r in t m ade by d ir ty , g re a sy  hands. 
A fte r  looking a t  som e p r in ts  on our saloon- 
tab io  su g a r  bowl, I figure these  a re  th e  sam e.”

‘ T hey  a re  of th is  E lm er P irk y ,” rep lies the 
f in g er-p rin te r, w ho h as  ta k e n  th e  book. “T hey 
a.re u n m is ta k a b ly  id en tica l.”

“ S w e e to !” I  replies. “H e re ’s an o th e r  copy of 
the  sam e book, bo u g h t by B one-Shells y es te rd ay  
m orn ing . T h is book is a  s to ry  of the  Is th m u s  of 
P a n a m a  and  of the  C anal, and  on page 173, 
w hich  h as  been to rn  out of th e  o th e r  one, is a 
copy of a  te leg ram  th a t  w as sen t from  th e  gov­
e rn o r of the  C anal Zone to W ash in g to n , D. C., 
on the  m o rn ing  of Sep tem ber 18, 1915, the  d a te  
of th e  big slide th a t  a c tu a lly  did close th e  C anal 
fo r seven m onths. And, excep t fo r the  nam e 
of th e  governor, th a t  te leg ram  is w ord  for w ord  
the  fo rged  m essage  th a t  w as se n t ou t on the 
m orn in g  of Ju ly  16. I t  w as copied out of th a t  
book !”

“B a w w ! I never done i t !” b lubbers E lm er
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P irk y , ru n n in ’ to h is m o ther. M ake him  s t o p ! 
H e ’s a  l ia r  and  a  c ro o k !”

“Indeed , I  s h a l l !” sn a rls  th e  old hag , a d ­
v a n c in ’ on me, m en ac in ’-like. “You have gone 
f a r  enough, you a tro c io u s  w re tch  ! W h a t reaso n  
on e a r th  could m y d a r lin g  E lm e r  h av e”— 

“L ittle  enough reaso n —sim ply  h is an d  your 
g ru d g e  a g a in s t  m e,” I cu ts  in, g rim ly . “A s fo r 

> th e  idea  of the fak e  m essage, I  figure it cam e
fro m  th e  p re ss  re p o rt I  copied a n d  p u t out in 
th e  sh ip ’s new sp ap er a  few  d ay s  before ab o u t 
a  sm a ll slide in C u leb ra  C ut—th en  th e  finding 
of th a t  te leg ram  rep ro d u ced  in A r th u r  B o lla rd ’s 
book”—

“ T his seem s a  ta n g le  of c irc u m sta n tia l ev i­
den ce ,” in te r ru p ts  th e  rad io  in specto r, ir r i ta te d -  
ly. “I d on’t  see th a t  you hav e  m uch  of a  case 
h ere , Mr. Jo n e s .”

“I ’m n o t qu ite  th ro u g h  y e t,” I  r e p l ie s ; th en  
tu rn in g  to  m y m o tio n -p ic tu re  o p era to r, w ho h as  
a lre a d y  p lugged  h is p ro jec tin g  m ach ine  to  a  
lam p  socket, I pick up a  s tr ip  of film.

“Come here, Z o k u r,” I  sa y s  to the  w iper, 
show ing  it to  him . “Do you know  th is ? ”

“I t ’s m ine—you sto le  i t !” ye lls Z okur II , ho ld­
ing  th e  end  of the  film up  to  th e  light. “I t ’s th e  
p ic tu re  I took of th e  b ig sa ilin g  ship w e m et 
on th e  w ay  to P a n a m a  !”

“C o r r e c t !” I snaps. “Now, a s  the  log here  of 
th e  S teel B obolink proves, w e h ad  th is  sq u a re -  
r ig g e r  a b eam  a t  e x ac tly  9 :00 A. M. on Ju ly  
16th. I t ’s fu n n y  you could be below  c lean in ’ d rip  
p an s  u n d e r  th ’ tu rb in e  an d  a t  th e  sam e tim e 
up here  on the  b o a t-d eck  ta k in g  th is  p ic tu re  
of th e  S charm beck . B u t th a t  doesn’t  m a tte r . 
P u ll dow n the  sh a d e s .”

T he room  is d ark en ed , w hile th e  o p e ra to r  
th re a d s  th e  film, lig h ts  h is a rc  lam p, an d  fo­
cuses h is  ob jective lens on th e  opposite w h ite  
p la s te r  w all. T hen  th e re  is a  click  an d  a  wTh ir r  
a n d  th e  p ic tu re  begins.

I t  isn ’t m uch of a  film classic , b u t we can  see 
the  b ig  ex -G erm an  w in d ja m m e r s ta n d in g  down 
on us u n d e r  a  cloud of w h ite  canvas, an d  as  
she p asses  by  close on our s ta rb o a rd  beam , the  
p ic tu re  g ra d u a lly  sh ifts , fo llow ing  her, u n til 
m o st of th e  boat-d eck  an d  th e  u p p e r p a r t  of th e  
w ire less  sh ack  on th e  S teel B obolink  becom e 
visib le  in th e  fo reg round .

E x cep t fo r th e  w h irr in g  of th e  p ro jec to r and  
th e  h iss of the  a rc  lam p, th e re  is no sound in the 
in sp e c to r’s office; th e n  a  flock of as to n ish ed  
g asp s  a r ise , as  in the  p ic tu re  E lm er P irk y  is 
seen  to slin k  o u t of th e  p o rt door of th e  Bobo­
lin k ’s w ire less  house an d  go shu fflin ’ off gu ilty - 
like dow n the  deck, w hile  I  come up th e  lad d e r 
on th e  s ta rb o a rd  side an d  go in to  the  shack.

“W a w w !” b ellers th e  kid, a s  th e  end of the 
film  flicks th ro u g h  th e  m ach in e  a n d  the  p la s te r-  
w a ll sc reen  flashes up  in th e  w h ite  light. “My 
m a  to ld  m e to do it—she h a d  re a d  the  te le g ra m  
in th e  book! I t  w as  only  fo o lin g !”

“A hem , h a r ru m p h ! H av e  som e s tra w b e rr ie s ,” 
I  sa y s  to  P irk y  & Co.

A nd so th a t  w as th a t .

WHAT IS ELECTRICITY?
(C ontinued  from  P ag e  11) 

a lo n g  th e  conductor, th e reb y  m a in ta in in g  a  d if­
ference  of p o ten tia l b e tw een  tw o points.

In  th e  p r im a ry  cells (b a tte r ie s )  the  a lk a lies  
(e lec tro ly te s )  p roduce hy d ro x id e  m olecules, 
w ith  a n  excess o f one e lec tron  each, th ro u g h  
d isa sso c ia tio n . Wihen tw o d iss im ila r  m e ta ls  a re  
im m ersed  in the  e lec tro ly te  such  as  copper and  
zinc, th e  neg a tiv e  ions (m olecules w ith  an  excess 
e lec tro n ) proceed to  th e  zinc p la te  m a in ta in ­
in g  it a t  a  neg a tiv e  p o ten tia l. S im ila rly  in sec- 

[ o n d a ry  cells (s to ra g e  b a tte r ie s )  spon taneous
d isso c ia tio n  ta k e s  p lace, in th is  case, how ever,
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th e  ac tio n  m ay  be rev ersed  by p ass in g  e lec tric  
c u r re n t th ro u g h  th e  cell in th e  opposite d irec ­
tio n  an d  re s to re  th e  e lec tro ly te  to  its  fo rm er 
s ta te .

W hen  we ap p ly  E. M. F . to a  conducto r we 
cause  som e of the  e lec tro n s to  leave th e ir  
nuclei and  proceed a t  a  g re a t  ve locity  in  the  
d irec tio n  of th e  force. B eing free  from  its  p ro ­
ton  it is a t t r a c te d  to a ll p ro to n s on its  w ay  an d  
th is  e lec tric  field (a t tra c tio n )  is m oving w ith  
it. The e lec tro n  also  h a s  a  m ag n e tic  field w hich  
is in a  p lane  p e rp en d icu la r  to its  e lec tric  field 
an d  th e re fo re  to its  d irec tio n  o f m otion.

In  sp ite  of th e  fa c t th a t  th e  e lec tron  m oves 
a t  an  enorm ous velocity , a f te r  leav ing  its  o rb it 
a ro u n d  the* pro ton , it tra v e ls  b u t a  very  sm all 
d is tan c e  before it  collides w ith  som e atom , and  
it e ith e r  rebounds o r d islodges an  e lectron  
from  th e  a to m  an d  itse lf  becom es a t ta c h e d  to 
th e  atom . T hus th e  a c tu a l e lec tron  flow is very  
slow. D ue to  these  freq u e n t collisions h e a t w ill 
be g e n e ra te d  an d  th e  a g ita tio n  of the  m olecules 
o r a to m s increases, the  o rb ita l e lec trons veloc­
ity  bi com es g re a te r  an d  th e ir  o rb its  a ro u n d  the  
nuclei la rg e r. The a t tr a c tio n  th e re fo re  is w e a k ­
ened betw een  the  e lec tron  an d  th e  n ucleus 
w hile th e  c e n tr ifu g a l force becom es g re a te r  due 
to its  h ig h e r velocity  an d  th e  g re a te r  orb it. A t 
som e te m p e ra tu re  th is  condition  reach es a  po in t 
w here  th e  c e n tr ifu g a l force overcom es th e  a t ­
tra c tio n  an d  th e  e lec tron  flys off in to  space.

I f  a  m e ta l is h ea ted  in vacu u m  or in som e 
g as  a t  low p re ssu re  som e e lec trons w ill leave 
th e  m eta l un o b stru c ted , b u t if ox id iza tion  is p e r­
m itted  the  oxide w ill fo rm  a  tough  sk in  on the 
m e ta l’s su rface  an d  th e  e lec trons a re  un ab le  
to leave th e  m eta l

The e lec trons em itted  by  th e  m e ta l fo rm  a 
cloud a ro u n d  it and  if a  positive ly  ch arg ed  p la te  
is in tro d u c ed  in th e  v ic in ity  the  e lec trons w ill 
be a t t r a c te d  th ere to . The tw o elem ent th e r ­
m ion ic-va lve  o p e ra te s  on th is  p rincip le . The elec­
tro n s  tra v e l from  th e  filam ent to  th e  positive 
p la te , th a t  is, th e  e lec trons tra v e l from  n e g a ­
tiv e  to positive. W e sh a ll see th a t  e lectron  flow 
is c u rre n t Aoav, an d  opposite to  the  old supposi­
tion  th e  c u rre n t flows from  n eg a tiv e  to positive. 
The p roof is sim ple.

W ith  th e  use  a  tw o elem ent tu b e  o r a  th ree  
elem ent tube  w ith  its  g rid  an d  p la te  connected  
to g e th er, th e  filam en t is h ea ted  to som e te m p e ra ­
tu re  w here  em ission  ta k e s  place. N ow  if we 
m ak e  th e  p la te  in creas in g ly  positive in respec t 
to th e  filam en t th e  c u r re n t in  th e  p la te  c ir ­
cu it w ill increase . A s the  p la te  v o ltag e  is in ­
c reased  we re a c h  a  po in t w here  an  in crease  in 
p la te  v o ltag e  w ill n o t be accom pan ied  by an  in ­
c rease  in p la te  c u rre n t, w hich  m ean s th a t  a ll 
e lec trons em itted  by th e  filam en t a re  absorbed  
by th e  p la te , an d  since no m ore e lec trons can  
be a t t r a c te d  to  th e  p la te  no in c rease  in  the 
p la te  c u r re n t is p o ss ib le ; b u t if w e now  in ­
c rease  th e  filam en t te m p e ra tu re  th e  electron  
em ission  becom es g re a te r  an d  a  fu r th e r  in ­
crease  in p la te  v o ltage  w ill be accom panied  by 
an  in crease  of p la te  cu rre n t, ag a in  to a  po in t 
w here  a ll e lec trons a re  absorbed , th is  is called 
th e  s a tu ra tio n  poin t, an d  fu r th e r  in c rease  of 
p la te  vo ltag e  w ill no t cause  an y  fu r th e r  in crease  
in c u r re n t W e w ill note, how ever, th a t  as th e  
p la te  vo ltag e  is in c reased  th e  p la te  w ill h ea t 
m ore and  m ore. Since th e  sm all c u rre n t can n o t 
be responsib le  fo r th e  h ea tin g  of th e  p la te , we 
can  conclude th a t  th e  e lec trons velocity  is in ­
c reased  w ith  th e  in c rease  of th e  p la te  p o ten tia l 
an d  th ey  s tr ik e  th e  p la te  w ith  a  g re a te r  force 
an d  these  n um erous collisions of th e  e lec trons 
w ith  th e  p la te  cause  th e  hea t. F ro m  th is  i t  is 
qu ite  ev iden t th a t  electron  flow is c u rre n t flow 
an d  the  electron  flow is from  n eg a tiv e  to p o si­
tive.

So w e find th a t  e lec tric ity  is m ain ly  the elec-



trims’ relation to the protons. But now a  new
q uestion  a r is e s :  “W h a t is an  e lec tro n ?” “Is  th e  
e lec tro n  a  p a rtic le  ot m a tte r?  o r  is it a  w ave 
p a c k e t? ” T here  a re  evidences to prove either. 
T hen  a g a i n : “W hy  can  e lec tro n s flow from
lead  or zinc th ro u g h  copper-ox ide to copper, bu t 
can n o t flow from  th e  copper th ro u g h  th e  copper 
oxide to the  lead  or z in c?” A nd “w h a t lim its 
the  c u r re n t flow to  one d irec tio n  in th e  e lectro - 
litic  re c tifie rs? ’’

T hese qu estio n s w ill be d iscussed  in a  com ing 
issue of th e  “CQ.”

SIM PLIFICATIO N OF RADIO
RANGE BEACON POSITION AND

QUADRANT ID EN TIFIC A T IO N

(C on tinued  from  P ag e  26) * 
rec tio n  co n ta in in g  th e  T -L  an ten n as , it is neces­
s a ry  to send  only tw o  card io id  s igna ls , th e  do t 
an d  tw o dots. W ith  b u t tw o id en tifica tion  sig ­
n a ls  th e re  a re  tw o  opposite  cou rses show n a t  
th e  “C” rad io  ran g e , figure 4, a long  the  line 
c o n ta in in g  a n te n n a s  f an d  g, along  w hich  th e re  
is no d iffe ren tia tio n  in th e  id en tifica tion  signa l, 
th e  dot an d  tw o d o ts being  ab o u t equal in in te n ­
s ity  on each  course. H ow ever, th e  p ilo t can  de­
te rm in e  w h ich  of the  tw o courses he is on by 
d ev ia tin g  to th e  r ig h t  and  n o tin g  w hich  off- 
course  s ig n a l p red o m in a tes. Thus, if h is com ­
p a ss  show s he is flying n o rth  an d  he ob ta in ed  
an  in c rease  in th e  N  s ig n a l w hen d e v ia tin g  to 
th e  r ig h t, he is on th e  course ex ten d in g  n o rth  
of th e  beacon ; if he h ad  been flying n o r th  and  
d ev ia ted  to th e  r ig h t  a n d  ob ta in ed  a n  in c rease  
in th e  A signa l, he w ould have  been on the  
cpurse  so u th  of th e  beacon.

Simple Set of Rules
A sim ple se t of ru les  w hich  m ig h t be follow ed 

in a ll cases, h a v in g  g iven th e  location  of the 
fo u r a n te n n a s  w ith  resp ec t to th e  po in ts  of the 
com pass, w ould  be :

.1. W hen th e  a n te n n a  sy s tem  is la id  ou t so 
th a t  th e  lines of d irec tio n  betw een  d iag o n a lly  
opposite a n te n n a s  coincide w ith  th e  fo u r c a rd i­
n a l p o in ts of th e  com pass, th en  th e  1-dot s ig ­
n a l sh a ll be sen t in a  w es te rly  d irec tion , 2 do ts 
eas t, 3 d o ts n o rth , an d  4 do ts sou th .

2. W hen  th e  a n te n n a  sy s tem  is  la id  ou t so 
th a t  lines betw een  d iag o n a lly  opposite a n te n n a s  
do no t coincide w ith  th e  fo u r c a rd in a l po in ts 
of th e  com pass, th en  th e  1-dot s ig n a l w ill be 
se n t in a  w es te rly  d irec tio n  a long  th e  line of 
d irec tion  of th e  tw o  d iag o n a lly  opposite  a n ­
te n n a s  ex ten d in g  th e  m o st n e a r ly  e a s t a n d  w est. 
In  the  specia l case w h ere  th e  a n te n n a  sys tem  
is la id  ou t so th a t  th e  lines betw een  d iag o n a lly  
opposite a n te n n a s  a re  a t  a n  ang le  of 45° w ith  
resp ec t to  th e  fo u r c a rd in a l p o in ts of th e  com ­
p ass  th en  th e  1-dot sig n a l sh a ll be se n t in th e  
n o rth w e st d irec tion .

3. The 2-, 3-, an d  4-dot s ig n a ls  sh a ll be sen t 
in d irec tio n s co rre sp o n d in g  to  th e  fo llow ing de­
g rees of az im u th  going clockw ise aro u n d  th e  
beacon  from  th e  d irec tion  in w hich  th e  1-dot 
s ig n a l is se n t—2 do ts 180°, 3 do ts 90°, 4 do ts 
270° an d  in th e  o rd e r  1 dot-2 dots, th en  3 dots-4 
dots.

RADIO OPERATORS ON
INDUSTRIAL RECOVERY

(C on tinued  from  P ag e  22) 
fu rn ish  p re ss  se rv ice  on an y  vessel u n less  the 
ra d io  equ ipm en t is of ad eq u a te  design  to tu n e  
in  such  s ig n a ls  as  tra n sm itte d  fo r th e  p ress  
se rv ice  and  th e  in s ta lla tio n  includes a  ty p e ­
w r i te r  fo r th e  reco rd in g  of such p ress  service, 
an d  if sa id  p re ss  se rv ice  is no t subscrib ed  to, 
only  p re ss  se rv ice tr a n sm itte d  to  a ll s ta tio n s  
sha ll be fu rn ish ed .

8. No R a d io  O p e ra to r  sh a ll be req u ired  to 
t r a n s f e r  from  one m obile s ta tio n  to  a n o th e r  un-
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t il he h a s  signed  off th e  a r tic le s  an d  accoun ted  
fo r th e  in v en to ry  an d  records. N ot less th a n  
fo rty e ig h t h o u rs sh a ll be considered  a s  ad eq u a te  
tim e to  tr a n s a c t  such b u sin ess an d  tr a n s f e r  be­
longings, an d  such tim e sh a ll s t a r t  a t  m id n ig h t 
on d a te  of a r r iv a l  in port.

9. W hen  a  R ad io  O p era to r  is a ssig n ed  to a  
vessel in a n o th e r  p o r t h is tim e sh a ll begin  ac 
th e  d a te  of a ss ig n m en t an d  t ra n sp o r ta t io n  e x ­
p enses to  th e  vessel sha ll be paid  in full.

10. No rad io  equ ipm ent, o th e r  th a n  the  p re ­
sc rib ed  rad io  equ ipm en t of th e  R ad io  Room , 
sh a ll be in s ta lle d  o r p e rm itte d  to  be in s ta lled  
a b o a rd  a n y  vessel by an y  p erson  i.e., b ro a d c a s t 
rece iv in g  an te n n a s , etc.

11. No R ad io  O p era to r  sha ll be p e rm itted  to 
m ak e  an y  a lte ra tio n s  o r ad d itio n s  to th e  s ta n ­
d a rd  equ ipm en t in th e  R ad io  R oom  of m obile 
s ta tio n s  excep t to locate  an d  re p a ir  defective 
p a r ts ,  an d  the use of R ad io  O p era to rs  p e rso n a l­
ly  ow ned equ ipm en t such  a s  receivers, b reak - 
in re lay s , clocks, ty p e w rite rs , etc., sh a ll n o t be 
p e rm itte d  o r accep ted  a t  an y  m obile s ta tio n .

12. E a c h  em ployer sh a ll m a in ta in  a  lis t to  be 
know n  a s  a n  em ploym en t list, w hich  sh a ll con­
ta in  the  n am es of a ll a p p lic a n ts  fo r em ploym ent 
in th e  o rd e r  in w hich  such  ap p lica tio n s a re  r e ­
ceived by th e  em ployer. S aid  lis t sh a ll be posted  
in a  conspicious p lace in th e  office of each  em ­
ployer, an d  e v e r y  R ad io  O p era to r  w hose ap p li­
ca tio n  is accep ted  sha ll have  free  access to  sa id  
lis t d u rin g  reaso n a b le  bu sin ess hours. All em ­
p loyers of R adio  O p era to rs  sh a ll abo lish  the 
b lack  lis t o r d e fe rred  list, an d  no o th e r  su b te r ­
fuge sh a ll be re so r te d  to  in o rd e r  to deny  an y  
R ad io  O p era to r  em ploym ent.

13. A t le a s t one m em ber of th e  F e d e ra l R ad io  
C om m ission  sha ll a t  a ll tim es b e  a  R adio  O per­
a to r  chosen by th e  C om m ercial R ad io  O p e ra t­
ing P ro fession .
.14. A ny R adio  O p era to r  declin ing  to accep t or 

re s ig n in g  from  a n y  a ss ig n m en t sha ll n o t be 
d isc rim in a te d  a g a in s t  by an y  em ployer in any  
m a n n e r  w h atso ev er, an d  a t  an y  tim e an y  R adio  
O p era to r  is d ism issed  from  d u ty  by an y  em ­
ployer, he sh a ll receive in w ritin g  from  the  
em ployer th e  reaso n  or reaso n s  fo r  h is d ism issa l, 
an d  th is  reaso n  o r reaso n s sha ll be a  d u p lica te  
of th e  reco rd  re ta in e d  by th e  em ployer.

15. Tw o w eek s’ leave of absence  w ith  full w ages 
a s  p er scale  sh a ll be due an d  p ay ab le  upon 
com pletion  of one fu ll y e a r s ’ se rv ice  a t  a ll fixed 
s ta tio n s  an d  y e a r ly  th e re a f te r .

16. No R ad io  O p era to r  sh a ll be suspended  by 
an y  em ployer fo r in v es tig a tio n , an d  no R ad io  
O p era to r  sha ll be d isc ip lined  or d isc h a rg ed  u n til 
h is case  h a s  been in v e s tig a te d  an d  he h a s  been 
proven  g u ilty  of th e  com p la in t w ith  w h ich  he 
is ch a rg ed  by a  b o a rd  to  co n sist of a n  equal 
n u m b er of re p re se n ta tiv e s  se lected  by th e  A m er­
ican  R ad io  T e le g ra p h is ts  A ssocia tion  an d  com ­
p la in in g  em ployer.

17. All rad io  w a tch es  on c lass  B an d  C se a ­
go ing  vesse ls sh a ll be in acco rd an ce  w ith  in te r ­
n a tio n a l zone w a tch es  a s  m a in ta in e d  by o th e r  
lead in g  n a tio n s  of th e  w orld  and  no rad io  
w a tc h e s  sha ll be m a in ta in e d  w hile a  vessel is 
a t  a  dock o r w hen  n o t a t  a  dock if ca rg o  is 
be ing  handled .

Ii8. All rad io  w a tch es  a t  fixed sta tio n s , w hich  
m a in ta in  a  rad io  se rv ice  w ith  m obile s ta tio n s , 
sh a ll be con tinuous d u rin g  th e  p rescrib ed  hou rs 
o f such  sta tio n , an d  th e  R ad io  O p era to r or 
R a d io  O p era to rs  on w a tch  a t  such  fixed s ta tio n s  
sh a ll n o t p u rsu e  a n y  o th e r  d u ty  in  connection 
w ith  such  rad io  w atch .

19. No R ad io  O p era to r  sh a ll be com pelled or 
re q u ire d  a s  a  cond ition  of em ploym ent to  jo in  
th e  n a v a l rese rv e  o r a n y  o th e r  m ilita ry  o r  n av a l 
service.

20. All em ployers of R ad io  O p era to rs  sha ll 
ab o lish  th e  fav o ritism  m ethod  of em ploym ent 
and  in th e  fu tu re  tech n ica l ab ility  an d  se n io rity  
sh a ll in all resp ec ts  d e te rm in e  w h a t R ad io  O per­
a to r  is to  be em ployed.
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Sending is
With the

Easy-Working 
Genuine Martin No. 6

Colored, Plated,

Improved MARTIN Vibroplex

New  V IBROPLEX
Reg. Trade Marks :Vibroplex ; Bug ; Lightning Bug 

IN  C O LO RS:  Blue, Green, Red

The smoothest, easiest-working bug on the 
market. Easy to learn. Easy to operate. 
Makes sending easy.

Black or $17 Nickel- $19

Cfc

Special Martin Radio Bug—Extra 
large, Specially Constructed .Con­
tact points for direct use 
without relay. Black or Col.

Old Vibroplex accepted as part payment 
Remit by Money Order or Registered Mail

THE VIBROPLEX COMPANY, Inc.
825 Broadway. New York City

Cable Address: “ VIBROPLEX” New York

BOYS, WE HATE TO DO IT: - - -
BUT THE LANGUAGE IS UNIVERSAL.

“Le R a d io te le g ra p h is te ” th e  o rg an  of “ la  F e d e ra tio n  N a tio n a le  des Officers R adio- 
te le g ra p h is te s  . . . des R a d io te le g ra p h is te s  P ro fess io n e ls” p u ts  it th is  way,. “I t  is in­
d isp en sab le  th a t  you send  in m oney to  cover y o u r a n n u a l su b scrip tio n  if we a re  to 
keep up th e  good w ork  w e a re  doing fo r th e  p ro fessio n a l m a n .” In  F re n c h  it sa y s : 
“A bonnem ent A n n u e l: .10 F ra n c s .” I t  is a  fo u r page  a ffa ir  pub lished  in ou r p o p u la r 
tab lo id  size, u sin g  n ew sp ap er stock  to p r in t  on, an d  pub lished  a t  H av re , F ra n ce .
“The S ig n a l” g e n e ra lly  a n  e igh teen  page book ab o u t th e  size of ou r own “ CQ,” b u t 
w ith o u t co lored  cover sa y s  to ou r E n g lish  cousins “See y o u r local c a sh ie r  ab o u t it 
N O W .” The S ignal is pub lished  from  E a s t  H am , E ng lan d .
So you see w hen  you re a d  ou r fine th ir ty -s ix  page  “CQ” w ith  p len ty  of il lu s tra te d  
a rtic les , an d  a ll th e  new s we can  possib ly  give you, a lo n g  w ith  a  fine tw o colored 
cover each  m onth , you a re  a little  a h e a d  of a n y  of the  C om m ercial rad io  m en of the  
W orld , an d  th e  only th in g  in  th e  W orld  th a t  holds you back  from  g e ttin g  even a 
finer p u b lica tio n  every  m onth , is th e  u n iv e rsa l jingle. In  the  m a n n e r of our tim es, 
an d  th e  lingo of our lan g u ag e  som etim es c a l le d : “C ash ,” “D ough ,” “C u rren cy ,” 
an d  o ften  even h igh -b row ed  to  “E x c h a n g e .”

B U T  TO P U T  IT  B L U N T , S E N D  IN  YOUR M O N EY  TO CO V ER A O N E Y E A R  S U B ­
S C R IP T IO N , A N D  B E  SU R E  O F G E T T IN G  E V E R Y  IS S U E  O F YOUR BOOK. W R IT E  
YO U R N A M E A N D  A D D R E SS ON T H E  M A R G IN  O F T H IS  PA G E, OR A S H E E T  OF 
L E T T E R  P A P E R , B U T  DO IT  NOW , A ND SEN D  IN  A C H E C K  OR M O NEY O R D ER  
F O R  $1.50 F O R  A Y E A R ’S S U B S C R IP T IO N  B E F O R E  YOU F O R G E T  IT

CQ MAGAZINE COMPANY,
112 West 13th St., New York, N. Y.
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•  •BO O K S...
EVERY RADIO MAN WANTS.

FIRST PRINCIPLES 

OF TELEVISION
By A. D IN S D A L E  

C olum bia B ro a d c a s tin g  System

Contents

In tro d u c tio n . E le m e n ta ry  C onsider­
a tio n s. L ig h t-S en sitiv e  Devices. Some 
E a r ly  T elev ision  E x p erim en ts . The 
Jenk ins, B a ird  an d  B ell System s. M e th ­
ods of S ynchron ism . Im ag e  S tru c tu re . 
T ran sm iss io n  C hannels. The P re sen t 
S ta te  of th e  A rt in G erm any , in E n g ­
land  an d  in A m erica . M echanical S ys­
tem s. C athode R a y  System s. Con­
clusions, Index .

241 p ages 5 ^ x 8  xk  $3.50

EXPERIMENTAL RADIO 
ENGINEERING

B y JO H N  H . MORECROFT  
Professor of E lectrical E ngineering  

Columbia U niversity
“S tu d en ts  of rad io  an d  those  in te re s t­
ed in reducing  to  p rac tice  th e ir  th e o re t­
ical know ledge of rad io  w ill find th is  
la s t book of M o recro ft’s of g re a t  
v a lu e .”—Jo u rn a l of W este rn  Society 
of E ng in eers .

345 P a g e s  6x9 P ric e  $3.50

RADIO AND ELECTRONIC DICTIONARY.

By Harold P. Manly. 3 0 0  Pages. Sixe 6x9 inches. 
5 5 0  Illustrations. Bound in durable cloth with jacket. 
Price ............................ $2.50

DRAKE’S CYCLOPEDIA OF RADIO AND 
ELECTRONICS

THESE ARE 
BOOKS YOU NEED

(F if th  E d itio n  of “D ra k e 's  R adio  C yc loped ia .” i 
B y H aro ld  P . M anly , R eference  book co vering  rad io  
tra n sm iss io n  an d  recep tion , sound p ic tu res, public ad+ 
d ress  sys tem s, te lev ision , photocells, and  a ll o th e r  sub  ­
jec ts  w hich  p e r ta in  to  th e  e lec tron ic  tube. 1048 pages. 
Size 6x9 inches. P ric e  .....................................................$5.00

M O YER & W O STR EL

R ad io  H andbook

In c lu d in g  T elev ision  and 
Sound M otion P ic tu re s  
by Ja m e s  A. M oyer, D i­
re c to r  of U n iv e rs ity  E x ­
tension, M a ssa c h u se tts  
D e p a r tm e n t of E d u c a ­
tion  ; M em ber of F e d ­
e ra l C om m ission on R ar 
dio E d u ca tio n , an d  Jo h n  
F. W ostre l, I n s tru c to r  in 
R ad io  E n g in e e rin g  an d  
S u p erv iso r in C h arg e  of 
In d u s tr ia l  Sub jec ts, D i­
vision  of U n iv e rs ity  E x ­
tension , M a ssa c h u se tts  
D e p a rtm e n t of E d u c a ­
tion. 886 pages, 5%xS 
650 illu s tra tio n s , flexible

$5.00

R ad io  Traffic M anual an d  O pera tin g  
R eg u la tio n s , by D u ncan  & D re w .. $2.00

H ow  to P a ss  U. S. G ov’t  R ad io  L i­
cense E x am in a tio n s , by D u ncan  &
D rew  .......................................................... 2.00

P rin c ip le s  of R ad io  C om m unication ,
by  J . H . M o recro ft .............................  7.50

E le m e n ts  of R ad io  C om m unication ,
by J. H . M orecro ft ............................. 3.00

R ad io  : B eam  an d  B ro ad cas t, by A.
H. M orse .................................................  5.00

The R ad io  M anual, by G eorge E.
S te rlin g  ...................................................... 6.00

P h o tocells an d  T h e ir  A pplication , by
V. K. Z w oryk in  ...................................  2.50

R ad io  T e leg rap h y  an d  T elephony, by
D uncan  & D rew  .................................  7.50

P rin c ip le s  of R adio , by  K e ith  H en-
ney .............................................................. 3.50

R ad io  F re q u en cy  E le c tric a l M eas­
u rem en ts , by H u g h  A. B row n . . . .  4.00

R ad io  E n g in eerin g , by F . E. T e rm an  5.00 
P ra c tic a l R ad io  T eleg rap h y , by N il- 

son an d  H o rn u n g  ...............................  3.00
We w ill get any book published or any 
group of books and ship under one cover, 
if  possible, w ithin 24 hours after receipt 
of your order. Give com plete title anu 
author’s nam e, and if possible publisher. 
W rite your name and address clearly, or 
print it to m ake no doubt.

S E N D  C H E C K  OR M O N EY  O R D E R  
ONLY. DO N O T SEN D  CASH

BOOK DEPAETMENT, CQ MAGAZINE CO.,
112 W est 13th Street New  York, N. Y.
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