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g round. These cathode potentials remain stable since 
the total current throug h both sections of V-101 is much 
less than the 7 milliamperes drawn by the voltage­
d ivider bleeder. 

The negative 1.5-volt operating point for V- I OlA 
was chosen so that the p late of this section, connected 
to the g rid of V -lOlB, would draw sufficient current 
through R-105 to cause the potential on the g rid of 
V -101B to be equal to or slightly more positive than 
the cathode potential. Since the cathode of V -l Ol B is 
held at a negative potential of 95 volts, this zero or 
slightly positive bias causes V-lOlB to draw maximum 
plate current through R-106. Under this condition, the 
plate of V -101B and the grid of V -102, connected to­
gether, assume a negative potential of 75 volts. Since 
the cathode of V -102 is returned to ground, the nega­
tive 75 volts on the g rid of V-102 holds the cathode 
current of th is tube at ap proximately zero. 

When a signal , normally consisting of pulses of 1000-
cycle aud io energy, is fed into the input of the sig nal 
converter through capacitor C-101, the germanium d iode, 
CR-10 1, clips the negative alternations from these 

1000-cycle pu lses. The remaining positive alternations are 
then applied to the g rid of V-101 A to cause an increase 
in plate cu rrent of V-IOlA and an increased voltage drop 
across R-1 05 . The g rid of V -10 l B, connected to the plate 
of V-101A, therefore, assumes a negative potentia l of 135 
volts because of the increased voltage d rop across R-1 05. 
The grid of V-JOJB at this poin t has a bias volt­
age of 40 volts because its cathode vo ltage IS std l 95 volts 
below ground. T his bias is far in excess of that neces-

d · e 1t o f V -lOlB to zero. sary to re uce the plate cu1 r I 

Thus there is no current th roug h R-1 06, and the g rid of 

V-102, connected to the plate of B, is at g round 
potential and V-102 conducts. Capacito rs C-102 and 
C-103 are used as filters to remove some of the 1000-

cyc!c: a-f componen t from the d-e pulses. 
Current requirements for a normal ly-connected tele-

F IGURE 3-Underside 'Vie·w 

of radio-teletype adapter 
showing compact arrange-

ment of parts. 

printer do not exceed 60 milliamperes. Initial adjust­
ment of line current to th is va lue is made by adjusting 
the screen voltage of V-102 with potentiometer R-109 
while holding closed the spring-loaded switch, S-102. 
As can be seen from the schematic, S-102 shorts resistor 
R-106 to g round, ground ing the g rid of V-102. This 
is essentia lly the same condition that is obtained when 
a mark signal is being received. Since a mark signal is 
delivered to the un it in the form of .1000-cycle audio 
pulses, conversiOn of these pulses from a.f. to d.c. is 
accomplished . 

Any receiver eqUipped with a beat-frequency osci l­
lator can be used with this adapter. Better results will 
be obtained, however, with a receiver which also em­
ploys an audio fil ter. Receivers of th is type are the 
RBB and RBC. The audio output of the receiver should 
be connected the adapter input jack , J-10 1. If the 

IS. obtamed from the receiver headset jack, the 
n:on1tor !ack on the. adapter, J-102, provides a conve­
nient pomt to receiver tuning. The adapter 

p ck a connection for the rece iving tele­
p rmter. T he t1p contact of the jack is positive, and, as 
an a1d to proper teleprinter operation, a 100-mi ll i­
ampere d -e meter should be connected in series with 
one of the leads to read teleprin ter line current. 

To put the system into operation, the power cord of 
the adapter should be connected to a 11 5-v a-c outlet and 
the power switch, S-10 1, should be placed in the " ON" 
position . After about a minu te has been allowed for the 
tubes to reach operating temperature, S-1 02 should be 

d.epressed and adjusted to obtain a teleprinter 
lme current of 60 mil liamperes . N o further ad justmen t 
of the adapter un it is required unless the teleprin te r is 
moved to a new location or the adapter tubes are re­
placed. 

The procedu re for rece iving radio-teletype signals is 
the same as that used for the reception of c-w sig nals. 
The beat -frequency osci llator is adjusted for a beat note 
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of about 1000 cycles. If the audio fi lter is used, better 
resul ts (a higher sig nal-to-noise d iscrimination) will be 
obtained with the b.f.o. adjusted so that the beat note 
falls within the fi lter pass band. The gain control o f the 
receiver is used as a th reshold control and should be set 
midway between the two extremes of those settings 
which g ive fau lty operat ion of the teleprinter. Such 
an adjustment is one that w ill produce an a-f signal 
of between 0.6 and 1 volt r.m.s at the adapter input. 
(Too-g reat receiver gain will result in blocking the 

adapter and continuous hold ing of the teleprinter on 
mark, while if the sensitivity of the receiver is too low, 
the teleprinter will print erratically. ) No fu rther re­
ceiver adjustments, except those necessary to compensate 
for frequency drift, will be required. 

PARTS LIST 
C-10 1, C-102, C-103, 
C-104, C-105 - . - . ... . 
C-106 .............. . 

C-107, C-108 ....... . 

CR-10 1 . . ... . ... ... • 
F-101 .............. . 
I -101 .. ...... . ..... . 
J-101, J-1 02, J-103 . . . . 
L-10 1 ............ .. . 
R-101 . ........ . . . .. . 

R-102 
R-103 
R-104 
R-1 05 

R-107 
R-108 
R-109 

R-110 
R-111 

Capacitor, 0.01,uf. mica, 500 Yolts. 
(:::;::10% .) 
Capacitor, 16,uf. electrolytic, 450 
volts. 
Capacitor, 16pf. electrolytic, 250 
volts. 
Germanium crystal diode, type 1N34. 
Fuse, 250 volts, 1 ampere. 
Pilot lamp, 6.3 volts, 0.25 ampere. 
Phone jacks, standard . 
Choke, 10-hen ry, 85-milliampere. 
Resistor. 120,000-ohm, 1-watt. 
(+20% .) 
ResistOr, 180-ohm, 1-watt. 
Resis tor, 5,000-ohm, 1-watt. 
Resistor, 15,000-obm, 1 watt. 
Resistor, 1 megohm, 1-watt. 
( :::;::20% .) 
Resistor 150,000-ohm, 1-watt . 
( :::;::20% . ) 
Resistor, 5.000-ohm, 5-watt. 
Resistor, 10,000-ohm, 5 watt. 
Resistor, 5,000-ohm potentiometer, 
2-,vatt. 
Resistor, 5,000-ohm, 2-watt. 
Resistor, 10,000-ohm, 10-watt. 

T he adap ter can be used in emergencies· for the recep­
tion of frequency-shift radio-teletype signals. If the re­
ceiver used has no audio fil ter, the b .f.o. should be tuned 

to zero beat w ith the f requency-shift space signal. T he 
mark signal then wi ll appear as a beat tone which will 

operate the adapter. If the receiver has an audio fi lter, 
however, the b.f.o. should be tuned unti l the m ark sig nal 
beat fa lls w ithin the pass band of the filter. Gain con­
trol is obtained in the ?ame manner as when receiving 
"on-off" signals. 

All resistor tolerances :::;:: 10% unleJS otherwise mm·ked. 

It must be emphasized that the adapter will perform 
sat isfactorily only on a solid circuit. I t is not intended to 
replace regular f -s-k converters such as the FRA, but 
only to provide an add itional rad io-teletype circuit under 
certain operating conditions. 
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S- 101 

S-102 

T-101 •• 0 •••• ••• 0 •••• 

V-101 ....... · · · · · · · · 
V-102 .... . . · · · · · · · · · 
V-103 .... . .. . . · · · · · · 
V-104 . .. .... · · · · · · · · 
X-101, X -102, X -103, 
X-104 .. . ...... . ... . 

....___._ _ _._ ____ __. _______ ___._-+ CI04 

Toggleswi tch, single-pole, sing le-
throw. 
Switch, single-pole, single-throw, 
spring-loaded, normally "off." 
Power transformer. Primary: 11 5v. 
60 c.p.s., Secondary: 5 volts, 2 am­
peres; 6.3 volts 2 .5 amperes; 700 
volts, 85 mi ll iamperes, center­
tapped. 
Vacuu m tube, type 6SL7. 
Vacuum tube, type 6Y6. 
Vacuum tube, type 6X5. 
Vacuum tube, type 5Y3. 

Tube sockets, octal.• 

RllO 

Rl09 

RIOB 

F IGUR E 1- Schematic diagram of the "on-off" radio-teletype adapter. 
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The Bureau of Ships and the N aval Communication 
.Station at Annapolis re.cently h ad the honor to entertain 
Dr. Lee de Forest, world-famous radio pioneer. At the 
Bureau, Dr. de Forest was welcomed by Captain A. L. 
Becker, the Assistant Ch ief of the Bureau for Elect ronics . 
Later, at Annapolis, he was entertained by Captain Paul 

F. Dugan, the Officer-in-Charge of the h ig h-power radio 

s tation. 
During his visit at the Bureau, Dr. d e Forest was 

shown numerous examples of the N avy's great advance­

ments in electronics in recent years. H e was shown 
through the display room at the Bureau, and appeared 
g reatly impressed by the exhibits. Among other things, 
the Model TDZ transmitter insta lled there excited h1s 

curiosity. H e expressed a desire to "tea r in to it" and see 

how it worked. 
Later in the day he was shown the sights at the 

Annapol is radio station. This was his first visi t to a 

Navy transmitter station in many years, Dr. de Forest 
said. He seemed to take pl easure in seeing th ~s equip ­
ment in operation, and was keenly interested 1n every­
thing he saw ; towers, ground instal [ation, ante nnas, and 

Dr. 
Lee 
de Forest 

Dr. Lee de . Forest inspecting 

the type 2P21 imctge orthicoJI. 

scenery as well as equip p · · . ment. art1cularly mteresting to 
h1m was the Navy's h i J · · g 1-power, v-1-f transmitter; he 
was amazed at the g'g t' · 1 an IC SIZes of tubes and other 
components. 

T he last t ime Dr. de Forest vis't d A 1. . 1 e nnapo 1s was m 
1902, when he went to the Naval A d d . . ca emy to emon -
strate the supenonty of his ne d . 1 . w ra 10 over t 1e one 
subm1 tted for test by the Germans Tl . b k . .I . 11s was ac m t 1e 
days when the Navy was first dec'd' "M b 1 . . . . 1 mg, ay e t 1ere 1J 

someth1ng to th1s thmg called 'wireless' after all !" 
The Secretary of the Na d · . . . 'vy, eslflng to w1tness the 

demonstratiOns, made the trir) fro W 1 . . . m as 1mgton 111 a 
horse-drawn carnage. When the A d , 1 . ca emy s sa utmg 
battery commenced fir ing to honor the S t , . 1 ecre ary s arnva 
the horses were startled by the sound b It d d . , o e , an over-
turned the carnage. T he Secretary w b d l 1 D . as a y 1u rt. r. 
de Forest transm1tted the story of til e a .d t . . . • · CCI en to an as-
SIStant 111 Wash1ngton who was o1)e at · d ' . r mg a ra 1 o re-
ceiver and who gave the story to the 1 Tl · 1 ewspapers. 11S 
was a newspaper '_' first, " for it was the first time a p ress 
release was transmitted by radio. 

Dr. de Forest's list of pate,nts IS enormous. H is 
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"audion," inven ted in 1907, was the first tube to contain 

a· g rid, and was therefore the forerunner of all modern 
vacuum tubes with the exception of diode rectifiers and 

magnetrons. He may truly be called the "Father of 
Modern Electron ics" for the audion alone, for without 
it there would be nothing in the way of radio, sound on 
fi lm or tape, long-distance telephone, television or radar. 
W ithout the modern vacuum tube there would be no 

atomic bomb. 
Other patents included microphones, diathermy ap­

p aratus, phonog raph pickups, and loudspeakers. Dr. de 
Forest was the fi rst to conceive of and build a device 
for recording sound on motion-picture film. All of 
t hese things h e brought us at stages in t he development 
of modern electronics when such things were previously 

unheard of. 
Much of Dr. de Forest's early nomenclature h as sur­

vived forty years of advancement in electronics. An ex­

ample is " A" and "B" to designate the fi lament and 

plate batteries, respectively ; another, the "grid" itself­

he called it that because the early version resembl~d the 
grid . used in an oven for cooking;· a third, the color 
coding for wi res lead ing to the vacuum tube : g reen to 
g rid and red to p late. This and much other termino logy 

of his is standard today. 
The venerable doctor feels that the electronics art has 

made such great strides that it is now quite impossible 
fo r any one man to Jearn a ll there is to know about it. 
At the turn of the century li ttle was known about those 

elusive, intangible rad io waves and one good physicist 

could master the new science. Now, nearly fifty years 
later, w ith all .the ramifications and the volume of in­

tense study required, this is humanly impossible. Even 
D r. de Forest h as had to specialize; at the present time 

he is concentrat ing his energies on color te levision . 
Thank you, Dr. de Forest, for the honor you have 

afforded the Navy by vis iting the Bureau of Ships and 
the Navy's rad io station at Annapolis. We sincerely 

hope to have this privi·lege again. 

Captain Beck er and Dr. d e Forest 

·- ~ 
...,. .. - . 

Dl'. de Fore.rt and Captain D11gan 

Jmpectillg '1'-1-f trmw11iller 
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Latest T.A.B. Revisions 
An article on Page 19 of February 1948 ELECTRON 

explained the form and style that future revisions of the 

Electronic Equipment Type A llowance Book (NavShips 

900,115) would have. T he following is a list of all 
T. A. B. revisions issued since 1 November 1947 : 

Revisio11 
No . 

7 AGD 

Ship type 
Effective 

date 

11/ 47 
8 AE 11/ 47 
9 PCE 11/ 47 

10 LSM (R) 11/ 47 
11 AGC 12/ 47 
12 Aircraft rescue boats 12/ 47 
13 PC 12/ 47 
14 AR 12/ 47 
15 AJlB 12/ 47 
16 LST 1-1153 class 1/48 
17 LST 1-1152 class 1/48 
18 AE 1/ 48 
19 AGS 1/ 48 
20 PCE weather shi ps 1/ 48 
21 Bomb target boats 36- and 46-foot 2/ 48 
22 AMcU 2/ 48 
23 YNg 2/ 48 
24 ARH 2/ 48 
25 LCT 4/ 48 
26 LSD 4/ 48 
27 AGSc 4/ 48 
28 LSM 4/ 48 
29 AN 4/ 48 
30 PT809-812 5/ 48 
31 LST- 1153 class 5/ 48 
32 PC 5/ 48 
33 Remote Controlled Guided Missile Target Boats 5/ 48 
34 D eletes PE, PGM, PY, PYc, YMT, PF ( Frigates ) , 

PF (weather vessels) , PG (Gunboats except 
Corvettes) PG (Gunboats, Corvettes class) 
62-7 1, 86, 87, 92-96) 

35 AD G 
36 APD ( 87-139 ) 

Measuring 
F-S-K Spread 

By LIEU T . (j. g. ) H. M . WI N TERS 

Navy CommNnicalion Station 

II'/ abiallla, Oab11, T. H. 

5/ 48 
5/ 48 
5/ 48 

W hen your one and only audio oscillator or scope 

goes up in smoke just when yo u need to measure ~-s-k 
spread, do you get grey hair I T hen read on , Sad or. 

A d · · d · ·c·o11e a re very handy for n au 10 osctllato r an s · 
measuri ng a frequency-shi ft sig nal,_ but not actually a 
necessity. If you have a receiver slmtl_a r to tl~ e Model 
R BC, or one with a b -f-o d ia l. you ' re 1n . Cali brate the 
tun ing ranoe of the b- f-o d ia l with a f req uency meter 
and deter:ine the number of cycles per d ial div ision. 

Recen tly many requests have been received m the 
Bureau for copi es of the complete T. A. B. T hes.e 
requests can not be honored because the supply of com­
plete books has been depleted. The publication is con­
tinually undergoing revision, however, and a complete 
file of revisions will eventually comprise a complete, 
up-to-date T. A. B. 

R e1.:isiou. 
X o. Ship type 

E fjcct i-::c 
date 

37 D E 5/ 43 
38 DE Radar Pickets 5/ 48 
39 AS 5/48 
40 AVP 5/ 48 
4 1 AV 5/ 48 
42 APD ( 37-86) 5/ 48 
43 AD 5/ 48 
44 AG ( 88-89 Icebreakers) 5/ 48 
45 SSR (48 !-489 Only ) 5/ 48 

___ 4~6~D~el~e~te~s ~A~B~S~D~----------------------~5/4S 
47 AGC 5/ 48 
48 AM 5/ 48 
49 AMS 5/ 48 
50 AP 5/ 48 
51 APA 5/ 48 
52 APA Div. Flagships 5/ 48 
53 APA Squadron Flagships 5/ 48 
54 ARL 5/ 48 
55 ARS 5/ 48 
56 ARS (T) 5/ 48 
57 ARV 5/ 48 
58 LCT 5 48 
59 CA Flagships (68 class ) 5/48 
60 PCS 136 ' 5/ 48 
6 1 LCI (L ) 5/ 48 
62 Torpedo Retrievers 5/ 48 
63 YTT 5/ 48 
64 PT809-812 5/ 48 
65 BB (61 class) 5/ 48 
66 BB (55 class ) 5/ 48 
67 YDT 5/ 48 

On the Model RBC receiver you will find that the b-f-o 
d ial covers a range of 1400 cycles f rom zero to ten. T h is 
represents 140 cycles per dia l d ivision. T his fig ure is 
constant throughout the tuning range of the receiver. 

T o measure the spread, set the b-f-o d ial at or near 
zero and tune in the signal with the main tuning diaL 
T une the '"mark" sig nal roughly to ze ro beat and trim 
up accurately to zero beat with the b.f.o. N ote the dial 
sett ing . Then adjust the b-f-o d ial to zero beat on the 
··space" sig nal and note the d ial setting . The number 
of d ivisions between the two settings multipl ied by the 
cycles per d ivision is the spread. Example : 6 d ivisions 
X 140 cycles = 84 0 cycles sp read. 

Using the Model RBC receiver you can measu re ac­

curately to within 50 cycles. T his is sat isfacto ry in most 

cases . 
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Performance of RM 
and Conventional Dry Batteries 

In certa in types of batteries, ei the r the Ruben-Mallory 
(RM) o r the l eCianche (conventional, sal-ammoniac) 
dry batteries may be used inte rchangeably, and are both 
procured and issued with this in mind. The leng th of 
service, however, p rovided by the RM battery is usually 
severa l t imes that of the conventional sal-ammoniac type. 
As a bel p to those requisitioning and procuring such 
batteries, so tha t some idea may be gained in advance 
o f f uture rep lacement needs, comparative studies have 
been made of the expected leng th of life. The results 
of these studies are expressed as p rocurement and issue 
rat ios, wh ich are simply the ratios o f the length of l ife 
of a g iven RM battery to the length o f life of the ap­
proximately equivalent conventional type. The ratios 
are exp ressed to the nearest whole number. 

T he ratios have been determined fo r a number of 
RM batteries having military applications and with a 
conventional counterpart. T hey are listed in the fol­
lowing table : 

RM batte ry t ype Length of s ervice ratio 

BA- 1002 3 
BA-10 15A 2 

BA- 1028 4 
BA- 1033 3 
BA-1035 2 

BA-1036 2 

BA-1 037 2 

BA- 1038 5 
BA- 1039 4 
BA-1040 6 
BA- 1203 
BA- 1208 3 
BA-1210 3 
BA- 1211 2 

BA- 1222 
BA-1 246/ U I 3 
BA- 1043 2 
BA-1048 1 
BA- 1049/ U 5 
BA- 105 3 5 

~----------------------------~--
BA- 1059 
BA- 1063 
BA- 1080/ U 
BA- 1228 -------------------------
BA- 1 23"1~'----------------------------­
BA- 12 33 
BA-1 234 

3 
5 

' 2 

5 
1 

2 

2 

1 I f issued in plocc o f BA- SI. 
size. 

l\ot applicahlc in all cases due to 

' Jf issued in place of JIA- 70. 1btio is 4 if issncd in place o f 
HA- 110. 

T he type BA- 1247/ U RM battery has no conven­
tional or l eC lanche counterpart. 

Current Leakage 
of Electrolytic Capacitors 

In the maintenance of e lectronic equipment, the testing 
o f electrolytic capacitors plays an important role. W hen 
testing circuits, shorted o r open capacitors are usuallr 
q uite obvious, but dete rmin ing the rejection point for 
one not in these categories is a more d ifficu lt matter. 
In the p rocess of repairing an equipment if a defectiYe 

electrolytic capacitor is rep laced with one having a h igh 

d irect-curren t leakage the new capacitor either w ill fai l 

in a very short t ime or w ill cause poor overall operation 
of the equipment concerned. 

The direct-curren t leakage of an electrolytic capacitor, 
when measured w ith an analyzer such as the N avy T ype 
- 60007 Capacity A na lyzer or equivalent, should not ex­
ceed the current value calcul ated f rom the information 

l isted in the following table: 

Rated working 
\"Oitagc ( v) 

15 to 100 

10 1 to 299 

300 or more 

Allowable leakage 
per m ic r ofa rad ( ma) 

0.1 

0.2 

0.5 

For example, a 16-mf capaci tor rated at 450 volts 

(working ) is to be tested. From the table, the allowable 

leakage fo r capacitors rated at 300 volts or more is 0.5 

rna per mf. The tota l allowable leakage is therefore 

8 ma (1 6 x 0 .5ma) . 

This method holds true whether the capacitor is a 

dry or wet electrolytic. If the di rect-current leakage as 
measured on the Type - 60007 analyzer exceeds the cal­
culated allowable leakage, the capacitor should be dis­

carded. Capacitors in spares should be tested periodi­

cally to insure low leakage. T h is is especially true of 

wet e lectrolytics which deteriorate more rapid ly due to 

the chemical action which occurs. 

Note that when checking electrolytic capacitors which 

have been idle for some time, the capacitors shou ld fi rst 

be re-formed as described in the instruction book for the 

T ype - 60007 analyzer. It must be remembered tha t h ig h 
voltage is employed in measuring current leakage. I t is 
therefore extremely important that the inst ructions fo r 
operating the analyzing equipment be fo llowed implicit ly 
to p revent damage to the meter or in jury to operating 

personnel. 
T he Bureau of Sh ips is in the process of preparing 

copies of the table included with th is article. T hese 

copies should be attached to the cabi net of the T ype 

- 60007 analyzer. T hey will be distributed to all vessels 

and activ ities possessing the T ype - 60007 analyzer in 

the near futu re. 
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Adiusting Model SX 
Search Feed Horns 

Pre-production Model SX Radar Equipments were 

supplied under Contract NXsr-76195, and regul~r pro­
duction models under Contract NXsr-96353 . D1fferent 

conditions prevail for the equipments produced under 
each contract. Under Contract NXsr-96353, with each 
Model SX the contractor furnished two short sections of 
waveguide, which were designated as search waveguide 

extensions. Instructions for using these extensiOns when 

focusing the search antenna feed horns for ~se with 
d ifferent type magnetrons were furnished w1th each 

equipment on G . E. D rawing No. K -7897558. . 

In each production equipment these search wave~mde 
extensions were furnished tailored to fit the partiCular 

equipment concerned and its equipment spares. For this 

reason when it became necessary to replace these short 
sectio~s in tender and stock spares and in the two extra 
sets of equipment spares, a flexible section of waveg~ide 
was needed. According ly, a flexible 4 -foot sectJOn, 

CG-333/ U , G . E. Symbol No. E- 3021-1 per G. E. 
Drawing No. K-7120865-1, has been supplied for this 
purpose. This waveguide extension , together w1th the 

Search Guide E-3021, as supplied in tender and stock 

spares, should be used when the set of equipment spares 
has been exhausted and it becomes necessary to use 

tender and stock spares. Figure l shows th is .flexible 
waveguide extension and search guide installed on an 

antenna assembly. It should be noted that each search 

guide supplied in tender and stoc_k spares_ was m~di fi ed 
in order to accommodate the flex1ble sect1on. Th1s sec-

FLEXIBLE WAVEGUIQ.;__ 
CG-333/U (4'-o") 

K-7120865-1 
E· 3021- l 

t ion was not suppl ied originally, but is now included in 

the spares. 
In the case of pre-production Model SX Radar Equip­

meats procured under contract NXsr-76195, the Bureau 
of Ships wi ll supply two sets of new feed horns, Search 
Guides E-3021 and flexible Waveguide Extens1ons 
E-3021-1. Upon receipt, the new feed horns and search 
guides are to be installed in p lace of the old compo­
nents. The old components are to be removed from the 
equipment and the equipment spares as well, and re­
turned to the Inspector of Naval Material, Syracuse, 
N. Y. These components will then be modified by the 
contractor and returned for use in tender and stock 
spares. 

After these changes have been made, the r-f p lumbing 
on all Model SX Radar Equipments will be the same. 
The focusing dimensions .are the same using the flexible 
extension as they were using the short search waveguide 
extensions, and apply to all Model SX equipments. Due 
to the extreme frequency sensitivi ty of the search an­
tenna, it is important that the feed horns be placed very 
precisely. Figure 2 and the accompanying table g ive the 
correct dimensions, when using any of the three different 
type magnetrons for which the equipment is designed. 
Dimensions to the feed horns should be measured at 
the center of the mouths. The EC and ED d imensions 
should be made equal to assure that the upper horn is 
on the centerline of the search dish. 

T eddy A. H arper, ETl, of the CIC Team Training 
Center, San Diego, California, has suggested a detai led 
procedure for adjusting the feed horns. Refer to figure 
2. Uncouple the feed horns from the waveguide at the 
coupling marked S, and remove them from the bracket. 
The top horn should measure seven inches vertically 
across its face. At the center of the face (3 y2 inches} 

FIG URE !- Flexible u•al'eguide· 
extemion and modified searrb 
guide installed on CAYL-66-
ALH A ntenna A ssembly of the 
Model SX Radar Equipment. 

SX SEARCH ANTENNA 
FEED MODIFIED 

SEARCH GUIDE 
E 3021 

59-106·495AI 

SEARCH 
DISH 

"c" 

MAGNETRON 'AG"DIMENSION 

4 J3 1 61.84" 

4 J32 63.84" 

4J33 61.83" 

FEED 
HORNS 

FIGURE 2-Dimensiom and table for proper adj11stment 
of tbe search feed boms of the M odel SX Radar EqNip­
ment. 

l ocate point E. _Next take a square and mark li ne EF 
perpendicular to the edge of the horn. Now locate a 
point B on the bracket so that BC equals BD (This 
m eans that point B is equidistant from the bottom center 
and the top center of the parabolic reflector) . Ne~t 
l ocate point A which is the exact center of the parabohc 
reflector. P lace the feed horns back in the ir bracket, 
damp a straight edge between points A and B, and posi­
t ion horns so that line EF falls along line AB and so 
that point E is exactly 59.92 inches from point A. N ext 
p ivot horns a round point E as an axis,. and adjuSt 
line AG to the dimension recommended m the table 
for the type magnetron in use. Clamp the horns firmly 

in place and check to make sure that EC and ED are 

e qual. 

ATTENTION SP RADAR TECHNICIANS 

T he M arch 1947 ELECT.RON carried an article on P_age 
19 concerning "Model SP Radar Eq~ipment-FJel ~ 

Change No. 59- Addition of Bi-DirectiOnal Coupler. 
Since the response to the orig inal article was far f rom 

. f 1 · 1 · oted below wi th the sat isfactory, part o t 1e art1c e IS qu ' . 
· h 1 1 · d will be remmded -expectatiOn t at t 1e s 11ps concerne . . 

to comply w ith the request contained tn It : . 
" Since the re are not sufficient modified TR waveguide 

sections available to permit the d istribution of one w ith 
.each field-change k it it is necessary to obtain addit ional 

sections f rom those ships which now have th em in their 

equipment spares. In v iew of the fact that the Bureau 
does not consider these sections as expendable items, 

ships should not hesitate to relinquish them. Therefore 
it is requested that all ships having an SP radar bearing 
Serial No. 101 or higher remove the modified TR wave­
g uide section (G. E. part No. W -7, 351, 952-G2) from 
their equip ment spares and ship it to the Electronics Sup­
ply Branch, N aval Supply D epot, Oakland , Cali fornia. 
The TR section should be well packed to p rotect it from 
d amage, and clearly marked 'TR \vaveguide section to 
be held for issue w ith F ie ld Change No. 59-SP .' " 

COUNTERMEASURES 
BOOKLET OBSOLETE 

The Bureau of Sh ips is removing "Sh ipboard RCM 
Installations" NavShips 900,097 from the m ailing l ist. 
This pamphlet is devoted to type installation plans, sh ip­
board a llowance lists and p roduction schedu les of rad io 
and radar countermeasures eq uipment. Since these type 
installation plans and shipboard type allowances have 
been revised to meet add itional requirements, th is p ub­
lication is now considered obsolete. 

Accordingly, it is recommended that requests for mod­
ern counte rmeasures type installation plans be subm itted 
to the Bureau of Ships for act ion as required. Sh ipboard 
type allowances for counte rmeasu res equip men t are con­
ta ined in the Electronic Equipment Type A llowance 
Book NavShips 900,11 5. 

Type of Approach 

Practice Landings . . . . . ... .. . . . . 
Landings Under lnsirument 

Conditions ... .. 

Last 
Month 

9,787 

285 

To 
Date 

125,846 

5,862 

/0 
m 
(/) 

-1 
/0 

() 
-1 
m 
0 



Magnetic Units • • • • • • • • • • • • • • 

Basic Physics-Part 12 

SYSTEMS OF MEASUREMENTS AND THE 
ESTABLISHMENT OF INTERNATIONAL 
STANDARDS 

It is possible to express any electric or magneti~ quan­
tity in any one of three different systems of. umts: the 
electrostatic, the electromagnetic, or the practical. How­
ever, the electric field equations take their simplest forms 
when they are stated in the electrostatic system. . Mag­
netic field equations are most simply e~presse~ m the 
electromagnetic system of units. Circurt relatiOns are 
usually given in units of the practical system . more 
adaptable to everyday commercial usage. The pomt. to 
remember is that the sizes of the units for any physiCal 
quantity differ greatly in the three systems; therefore, 
the manner in which the units of the various systems are 
related should be thoroughly understood. 

At the time electrostatic and electromagnetic units were 
being developed by scientists and experimenters, in­
terest was centered chiefly in low-voltage, heavy-current 
phenomena and magnetic field relations were more im­
portant practically than those of the electric field. There­
fore between these two systems, the electromagnetic 
syst~m of units was cbosen to be the basic or absolute 
system. These units were calculated in terms of fun­
damental physical c.g.s. (centimeter, gram, seco~d) units. 

To indicate their absolute nature, the umts of the 
electromagnetic system were prefixed with "ab-." For 
example: ab-ampere, ab-volt, ab-ohm ~tc. .~nits .. of the 
electrostatic system were prefixed wtth. stat-. The 
more important units of the electrostatic system were 

derived in part 7. . . 
In addition, there is a series of practical umts, the 

magnitudes of which are conveniently measurable by a 
common unit more equal to the v~lues of the quantities 
met with in daily electrical operatiOn. Instruments such 

th t d Oltmeters commonly used are cali-
as e amme ers an v 
b t d · th ·t Th1·5 calibration is always achieved ra e m ese un1 s. . . 
b · · h t dards established for mterna-y companson w1t s an 
· . d d . were in turn based trona! use. InternatiOnal stan ar s . 

on absolute measurements in the electrostatiC or electro-
magnetic systems. This is necessary si~ce the prac~ical 
units are by definition derived as multtples or fractiOns 

of the absolute units. 

. Since the practical system of units are simply mul­
tiples or fractions of units in the absolute system, there 
has been a recent trend toward the use of M.K.S. units 
(meter~ kilogram and second) for fundamental physi­
cal umts of measurements. For instance: in M.K.S. 
units, ~he unit of force would be equal to 105 dynes and 
the umt of work, 107 ergs or 1 joule. 

lntenzational standards. The International Electrical 
Congress meeting in Paris in 1881 chose the ohm as the 
practical unit of resistance and decreed that it would be 
109 ab-ohms, and chose the volt as the practical unit 
of electric potential and decreed that it should be equal 
to 108 ab-volts. By the definition of Ohm's Law the 
practical unit of current, the ampere, proved to b: one 
tenth ab-ampere. 

. Interna.tional standards were created to provide defi­
mte phystcal values and rules for measurement in terms 
of which all meters and e)ectrical indicating i~struments 
could be uniformly and universally calibrated. 

The International Ohm is the resistance offered to an 
unvarying electric current by a column of mercury at 
th~ temperature of melting ice, the mass of the mercury 
bemg 14.4521 grams, and the column 106.300 em in 
length and of constant cross section. Resistance stand­
ards are us~ally built of Manganin alloy (copper, manga­
nese a.nd mckel), because it has a very low temperature 
coeffiCient throughout the working ranges encountered. 

T_he Inte.rnational Volt is the electric difference of po­
tential wh1ch, when steadily applied to a conductor 
whose resistance is one international ohm, will produce 
a current of one international ampere. For practical pur­
poses of calibration, it is agreed that the Weston normal 
(saturated) cadmium cell has a potential difference of 
1.0183 international volts at 20° C. This cell is used 
because it was found to be a precisely reproducible source 
of voltage, but since the temperature coefficient of this 
cell is rather high, it may be used only under well-con­
trolled conditions. Because of this disadvantage, the 
unsaturated cell is used, after having first been calibrated 
against a saturated cell. 

The International Ampere is the unvarying electric 
current which, when passed through a solution of silver 
nitrate in water, deposits silver at the rate of 0.00111800 

gram per second. 

.L 

Relationship of the SJ'Stems. For greater convenience 
in dealing with electric or magnetic quantities, two inter­
related systems of units have been established based on 
the c.g.s. units of measurement. These are the electro­
static and the electromagnetic systems. The physical 
relationship between the two systems will be explained 
in more detail later. 

Units in the electrostatic system are based on the unit 
charge of electricity called the statcoulomb. The more 
important units of this system have been previously de­
rived in part 7. Units in the electromagnetic system 
have as their basis the unit magnetic north pole, which 
will be derived presently. 

s 
~ 

FIGURE 1-Co11lomb's apparat!ls for mea.IIIring 
the forces between electric charges. 

For practical purposes electrical and magnetic quanti­
ties expressed in c.g.s. units prove unwieldy, whereas, 
when expressed in M.K.S. units, they are more adaptable 
to practical circuits. The example now to be given 
indicates graphically why the trend toward the use of 
M.K.S. units of measurement has increased. Consider 
voltage and current: 

1-When expressed in c.g.s units. 

Voltage 
<;urrent 

Practical 
unit 

300 volts 
10 amperes 

Electrostatic 
unit 

1 statvolt 
3 x 1010 statamps. 

2-When expressed in M.K.S. units. 

Voltage 
Current 

Practical 

1 vult 
1 ampere 

Electrostatic 

1/300 statvolt 
3 x l 01 statamps. 

Electromagnetic 
unit 

3 x 1010 abvolt 
1 abampere 

Electromagnetic 

lOR abvolts 
0.1 abamps. 

All quantities in mechanics and electricity can be re­
duced to fundamental units of length, mass and time. 
Originally c.g.s. units were used to derive mathematical 
relationships between them, but they may also be ex-

pressed in M.K.S. units. For example, we learned m 
part 3 that force equals mass times acceleration. 

Expressed: f = ma 

When the mass is one gram and the acceleration 1 

em per second per second, the force is one dyne. In 
M.K.S. units, however, the unit of force is the new­
ton, which is the force required to impart an acceleration 
of 1 meter per second per second to a mass of 1 kilo­
gram. One newton is equal to 105 dynes. 

Force may also be defined as equal to mass times 
velocity divided by time (when acceleration and velocity 
are constant) . 

11/V 
Expressed: f =­

t 

This may seem irrelevant at this time, but Newton's 
Law derived to express force provides a method whereby 
the two systems of electrical and magnetic measurements 
can be compared in terms of fundamental units, that are 

common. 
In the study of magnetism it was found that magnetic 

poles of like polarity repelled each other while poles 
of unlike polarity were attracted to each other. Note 
how closely this tnatches the law applying to like and 
unlike electric charges in the electromagnetic system. 

In fact, Coulomb's Law for electric charges applies 
equally well for magnetic poles when the separating 
medium is considered. This law affords a means of com­
paring the two systems, the e.s.u. and e.m.u. in terms 
of force which is common to both. Consequently, on 
this basis, the physical relationship between unit electric 
charges or unit magnetic poles may be established and 
expressed in terms of mass, length and time. It follows 
that if the units of each system can be expressed in com­
mon units of mass, length and time, a relationship be­
tween the systems is implied. 

A study of the force exerted between unit charges 
and unit poles in the respective systems demonstrates 

this. 
Coulomb's law for electric charges states: 

f = Q 1 kx d~!l dynes per unit charge. ( c.g.s. units) 

Transposing: Unit charge == y--y-k-----;[2 e.s.u. 

Substituting Newton's third definition of force: 

. /(md--
2 

Unit charge== V -/2f k d 

- fmii k 
-\: t2 

e.s./1. 

This is known as the dimensional formula for an elec­
trical quantity in terms of fundamental physical units, 

centimeter, gram and seco~d. _Thus, _the f~ndamental 
measurable quantities ~nter~ng mto thts ba~IC equation 
are length or distance, mert1a or mass, anJ tune. 
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Coulomb's Law for magnetic poles can be similarly 
treated, whence the force in dynes per unit pole (p. is 
the permeability) : 

f 
m1xm£ 

p. d2 

becomes, by substitution of Newton's definition of force: 

. 1 /md3 
Umt poe= '\j ---;2 p. e.m.u. 

Note that the difference lies in the dielectric constant 
k in the electrostatic system and the permeability p. 

in the electromagnetic system. These proportionality con­
stants are dependent upon the medium through which 
the respective electric and magnetic fields are effective. 

The relation between the constants k and p. of the 
two systems is abstract and considered beyond the scope 
of this course. However, the above comparisons are 
sufficient to show that there exists a common means 
through which quantities of electric or magnetic units 
may be expressed in either system. As stated previously, 
electric and magnetic equations take the simplest form 
when stated in their respective systems .. 

Definitions of unit pole and pole strengtbs. When a 
new phenomena of nature is observed, the practice is to 
investigate the behavior quantitatively by means of con­
trolled experiments and then formulate our findings in 
a mathematically expressed law. For example, in part 7, 
Coulomb in deriving the law of electrostatic charges 
proceeded essentially as follows: He took two charges 
and actually studied how the force varied for the same 
two charges as the distance separating them was varied. 
Then, keeping the distance constant he varied first the 
state of charge on one body and then the other. The 
numerical data thus obtained were tabulated and then 

. qq' 1 
set down as an equatiOn: / = -d 2 - X k . The quan-

tity .~~ is a constant of proportionality depending on 

the: units of measurement and the separating medium. 
In order to determine the magnitude or strength of a 

magnetic field, a unit of measure is required. Since the 
existence of a magnetic field is made evident by the 
forces exerted on magnetic poles, or magnetic substances 
in which magnetic poles have been indu~ed, it should, 
therefore, be possible to express the magmtude of a pole 
strength or of a magnetic field strength by the f?rce ex­
erted on some other pole. In order to define thts force, 
a standard unit of measurement must he chosen. This 
choice can only come from an experimental study of the 

law of force between magnetic poles. 
Coulomb was the first to study the forces experi­

mentally. He initially studied the forces of attraction 
between poles using the torsion balance. This consisted 
of a magnet suspended at its center hy a flat fiber to 

w~ich has been affixe_d a small mirror (see fig. 1) . Any 
twist or torque apphed to the .fiber causes a deflection 
of a beam of light directed at the mirror. Thus, the 
force can be calculated by using appropriate mathematics. 
The force necessary to produce a given deflection of the 
balance can be previously determined through calibration. 

Long magnets of small cross section were used so as 
to study the effect of poles as nearly isolated from their 
accompanying opposite poles as possible. As the pole 
of another magnet was brought into the vicinity of the· 
suspended magnet, like poles repelled and unlike poles 
showed attraction. It was found that the force of attrac­
tion or repulsion was proportional to the- magnetic 
strength of the pole, and inversely proportional to the 
square of the distance between the poles. 

If the one pole is designated as having a strength m 
and the other brought d centimeters from it as having a 
strength m ', the force between them can be written: 

I 

mm' 1 1 
f = J2 X- . Here - is a constant of proportion-· 

p. p. 

ality and depends on the medium and the units chosen .. 

I DYNE--___.•~ 

> M M I 

~~_...;..N --......tJC "----_N ~j 
I CM. 

FIGURE 2-Unit pole. 

The establishment of this law leads at once to a 
de~nition ~f the unit of pole strength. In any system of 
umts, a unrt pole can be arbitrarily defined as one which 
repels an exactly equal pole at unit distance with unit 
force when p. is unity as shown in figure 2. For if 
f = 1, and d and p. both equal 1, then the product of 
the pole strengths mm' also equals 1, and m = 1, or 
unit pole. In c.g.s. units of measurement, the unit pole 
is the ~agnetic pole wh.ich repels an exactly equal pole 
at the dtstance of 1 centimeter with the force of 1 dyne. 

Concerning the quantity p.: This is a constant involv­
ing. the nature of the medium between the two poles. 
It ts .as~u~ed to have the value of unity for vacuum. 
For atr tt ts so nearly 1 ( 1.0000004) that it can be called 
unity. However, for iron it can be as high as 1000, and 
in laboratory specimens of alloys as high as 275,000. 

It is called the magnetic permeability. This will be de­
rived presently. 

The practice of concetvmg an ideal physical agent 
based on information obtained experimentally is widely 
followed in science. For example: In mechanics, we· 

hypothesize the frictionless plane, an immovable body 
etc. ; while in electrostatics, adoption of the theoretical 
electric charge concentrated at a point helped explain 
certain facts and guided us in the investigation and ex­
planation of other associated phenomena. As long as 
the conclusions are correctly applied, values of an ideal 
physical agent may be assumed. 

The unit magnetic pole is an. example of just such an 
hypothesis. It is visualized as being the north pole of 
a cylindrical bar magnet of very small cross section and 
of infinite length, whose poles are so concentrated at 
each end of the bar that all the lines of force emerge 
from a common point. The distance between the poles 
is implied as being so great that in studying the magnetic 
field about the north pole affects due to the south pole 
may be disregarded. The magnetic field is thus assumed 
to be uniform and the lines of force composing this field 
diverge symmetrically in all directions from the point 
pole source. This is considered true only for a limited 
space about the magnetic pole under investigation. 
See figure 3. 

FIGURE 3-Radial magnetic field lines 
close to magnetic poles. 

It is necessary to understand thoroughly the concept 
of the unit north magnetic pole because this concept will 
be used repeatedly in deriving the units of field in­
tensity and flux density as well as total flux and the 
magnetomotive force of a magnetic circuit. Further­
more, this concept is used as a basis for explaining cer­
tain phenomena in electromagnetism that will be covered 
in part 13. 

J11agnetic field com position. The magnetic field of a 
magnet is that space around it in which its influence can 
be detected. Theoretically, the field extends through an 
infinite region, but in practice the term "magnetic field" 
is limited to the space within which the force is percepti­
ble, depending upon the sensitivity of the measuring 
apparatus. 

A north magnetic pole placed at any point in a mag­
netic field is acted upon by a force that will tend to 
move it in a particular direction; similarly, a south mag­
netic pole placed at the same point in the field will be 
acted upon by a force tending to move it in exactly the 
opposite direction. Consequently, if a small compass is 
placed in the field of an isolated bar magnet that is 
physically large in comparison to the magnetized com­
pass needle, the north end of the needle will point in 
the direction in which a free north pole would move, 
while its south pole points in the direction in which a 

free south pole would move. This was pictured in part 
11, when a compass was used to indicate the direction of 
the magnetic field about a bar magnet. 

The true direction of a line of force in a magnetic 
field is that direction taken by a free unit pole in mov­
ing from the north to the south pole. It is found that 
the force at each point in the field, in addition to having 
a direction, has a definite magnitude, and like all force 
is therefore a vector quantity. This force varies with 
the distance from the various magnetic elements which 
cause the field. 

Lines of mag1retization, force and ind11ction. The 
exact nature of the various forces associated with a mag­
net and a magnetic field should be clarified at this point 
to avoid confusion when referring to lines of magnetiza­
tion, lines of force and lines of induction. 

When magnetic domains are aligned they may be 
thought of as long needle-like magnets of very small 
cross section with the poles concentrated at each end. 

The inherent magnetizing force of each .filamentary 
magnet is represented by lines called lines of magnetiza­
tion. These lines exist entirely within the magnet and 
are directed from the south pole to the north pole. 

A bar magnet may be considered as consisting of a 
large quantity of these long thin magnets. Recent re­
search in the study of the magnetic domains in ferro­
magnetic substances with the aid of microscopic oil films 
indicate that the size of the magnetic domains varies with 
conditions, but they appear to be filamentary in shape 
with lengths of perhaps 1 mm to some centimeters. The 
inherent magnetizing force within a magnetic region 
or a magnet produces a north pole at one end and a 
south pole at the other end, and lines representing mag­
netization are arbitrarily taken as directed from south 
to north within the magnet. 

Lines of force emanate from the north pole of a mag­
net and terminate on the south pole. External to the 
magnet these lines of force constitute the magnetic field, 
hut since lines of force are directed radially outward 
from the north pole, some of them will pass through the 
magnet in traveling to the south pole. Those lines of 
force directed through the magnet are in opposition to 
lines of magnetization within the magnet and hence 
exert a demagnetizing effect. Therefore it follows that 
the greater the cross section of the magnet, th~ ?re~ter 
the demagnetizing effect of the lines of ~orce ortgtnatmg 
at the north pole of the magnet. E~penence .has sh~wn 
that as the cross section of a magnet mcr~ases tn relatiOn­
ship to the length, it becomes increasmgly harder t.o 

Prod nt magnets of even the best magnetic 
ure permane ' 

material. -
L. f · J ctt'on within the magnet are defineJ as mes o m u · 

the vector difference of the lines of magnetization that 
cause the poles and the lines of. fo~·re produceJ hy the 
poles. Since the lines of magnet1za~10n do ~ot leave the 
magnet, it follows that in the reg10n outside the mag-
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net the lines of induction are equal to the lines of force. 
At this point it must be emphasized that although lines 
of induction and lines of force are equal in air, their use 
and application is entirely different. 

In figure 4 A are shown the various lines associated 
with a magnet. The "lines of magnetization" exist only 
within the magnet, and are directed from the S-pole 
to the N-pole. However, because of the poles formed 
.at the ends, lines of force leave the poles, originating on 
aN-pole and terminating on aS-pole, and are not dosed 
lines. The cross section of the magnet is so small, how­
ever, that practically none of these lines passes back 
through the magnet itself. 

As a bar magnet of substantial cross-section is built up 
by combining more filamentary magnets, shown in figure 
4 B, a considerable proportion of the lines of force 
leaving the single N-pole now pass back through the 
magnet, opposing the lines of magnetization. Hence the 
poles formed at the ends of a magnet are the source of 
a counter-magnetizing force which tends to demagnetize 
the magnet. 

The vector diagram in figure 4 C will also serve 
through the magnet from the N-pole to the S-pole and 
the lines of magnetization directed from the S-pole to 
the N-pole are called "lines of induction." 

The vector diagram in figure 4 C will also serve 
to account for the lines of force that leave the sides of 
the magnet. The force H at any point a is due to the 
combined effect of the N-pole at the end of the magnet, 
which exerts a component of force H 11, and the internal 
magnetizing force H e• which produces the lines of 
magnetization. Note: the S-pole also exerts force at a, 
but at points near the N-pole the effect of the S-pole 
is negligible by comparison. The resultant of H 11 and 
He produces the line of induction at the point a, and 
determines its direction. 

In summarizing: Lines of magnetization are inherent 
within the magnet and directed from south to north; 
the lines of force originate at the N-pole, pass through 
the air and the magnet and terminate on the S-pole; 
and the lines of induction are continuous closed lines, 
passing outside the magnet from N-pole to the S-pole 
(numerically equal to lines of force in air) and pa~sing 
within the magnet from south to nor_th .<vect~r ~tffer­
ence of the lines of force and magnet1zat1on Withtn the 

magnet). 
J\1agnelic field intemity. The intensity o~ strength of 

a magnetic field at any point in the field IS defined as 
equaling the force in dynes which w.ould be exerted. on 
a unit pole if placed at that point. It IS a vec~or quantity; 
therefore, it is common practice to giv~ t~e h~es _of force 
comprising the magnetic field a quantitative sigmfi~ance; 
hence the lines drawn or imagined are usually given a 
value equal to the force exerted by the field at that point. 

Field intensity is evaluated in terms of dynes per unit 
pole. The unit of field intensity is defined as that mag-

netic field strength which will act on a unit pole with 
a force of 1 dyne. It is usually represented as one line 
of force per square centimeter of area perpendicular 
to the direction of the field. The unit of field intensity 
is named the oersted and is represented by the symbol H. 

H = j_ (dynes per 11nit pole) oersted. 
m 

. If a magnetic pole of m units is placed in a field of 
intensity H, the field being 50 much larger than that of 
pole m that no disturbing field effect results, the force 
acting on this pole is 

f = Hm dynes 
For example: A magnet of strength 50 unit poles is 

FIGURE 4-(A) FilamentaJ'] magnets formed by align­
ment of magnetic domaim within a magnetic material. 
(B) Lines of force emerge in all d~rect~om, some passing 
back through the magnet. (C) Drrectwn dete1·mmed by 
-z:ector s!fm of lines of magnetization and lines of force. 

placed in a field of strength of 6 oersteds at that point. 
The force exerted is 300 dynes. 

It must be remembered that .field intensity refers only 
to the force exerted on magnetic poles placed in the field, 
and is a measure of the strength of a magnetic field. 

Magnetic jl11x. When magnetic lines of force are used 
with a quantitative significance, the total number of lines 
pas~ing through a given section in air is termed the mag­
netiC flux, or merely flux. The accepted name for a line 
of flux is the maxwell. Total flux is usually represented 
by the Greek letter phi ( cp) . 

In air, lines of flux, lines of force and lines of induc­
tion are all numerically equal, but if the application of 
the various terms is carefully studied and understood, 

there need be no confusion in the proper use of the 
names. 

When lines of induction in a magnetic circuit are con­
sidered the same as current in an electrical circuit, and 
when used to induce magnetism or generate an e.m.f., 
the name flux is correct and hence a line of flux and 
line of induction are equal, and the same. 

However, when force exerted on a magnetic pole is 
considered, the lines are thought of as lines of force 
representing magnetic field strength of intensity ex­
pressed in units called oersteds. 

The total magnetic flux per unit magnetic pole can be 
established as follows: By definition, unit field intensity 
is one line of force per square centimeter and exerts 
a force of one dyne on a unit pole. It can also be stated 
that an oersted of field intensity is 1 maxwell per square 
centimeter; similarly, the total flux ( cp) is equal to the 
field intensity, H, times the area A, perpendicular to 

the direction of the flux. 
cp = AH maxwells 

FIGURE 5-Spbericttl distribrttion of lilres of fo1·ce 
from a rmit pole. 

There is a very important and direct consequence of 
the definition of unit field intensity. Consider an hypo­
thetical isolated N-pole at a point in sp~ce.. T?ere 
emerge from it lines of force radially in all dlrectlon.s 
(see figure 5) · For the small space surrounding the umt 
pole the lines of force are assumed to diverge sym­
metrically. At all points 1 em distant or on the surface 
of a sphere of 1 em radius with the unit pole at the 

exact center, the field intensity H = _f__ (dynes per 
111 

unit pole). 
Force may also be expressed as the product o~ mag­

netic pole strengths divided by the square of the distance 

separating them: f = 1111~ 
d2 

. . mm' 111 
By subst1tut10n, we obtain H = -d-; = d-2 and since 

m 

the radius of the sphere is 1 em., thus H = m, and there 
are then m lines of force emerging from the unit pole 
and perpendicular to the sphere per square em. The 
surface area of a sphere is 4 1r r2 and when the radius 
is 1 em, the area is 4 1r cm2 or 12.57 cm2 • 

Therefore, it can be said that there are 12.57 or 4 1r 

lines of force emerging from a unit pole, or better, 4 1r 

111 maxwells, where m represents the strength of the 
pole in question . 

Upon further consideration of figure 5, the field 

intensity was found to equal ;; . At a distance of 1 

em, H == 1 oersted for any square em of surface. The 
number of lines from the pole at the center is 4 1r m 
and constant, and as the distance from the pole becomes 
greater, the surface area increases as the radius squared; 
therefore, the field intensity per square centimeter de-

l 
creases as d2 • 

For example: The field intensity at any point on the 
surface of a sphere of 1 em radius, with a unit pole 
at the center, is 1 oersted or one dyne per unit pole. 
If the radius is increased to 2 em, the surface area 
increases four times. The number of lines per unit 
pole is constant at 4 1r, therefore there is effective only 
one line of force through 4 square em, and the field 

intensity is 0.25 oersted. 
This may be checked by Coulomb's Law for mag-

mm' . 
netic poles: f = -d

2
-. Smce the force exerted on 

a unit pole by another unit pole at a distance of one 
em is one dyne, the effective force at twice the dis­
tance is 0.25 dyne. 

Fl11x density. Flux density is the number of max­
wells, or lines of induction, per 1111it area of field cross 
section perpendicular to the direction of the flux lines. 
In free space, or air, flux density and field intensity 
are equal numerically, but w.ithin magnetic materials 
they are quite different. The unit of flux density, one 
line per square em, is the ga11ss. See figure ~- In prac­
tice, however, when speaking of flux dens1ty, the ex­
pressions lines per sq11are incb, or kilo-lines P~,. sq11are 
inch are used. Flux density is common:y represented 

by the symbol B. . . 
In deriving the total flux per umt magnetiC pole, 

the value was found to be 4 1r or 12.57 maxwells 
per unit pole. Since flux de~sity is t.he flux per unit 
area, the flux density per umt pole IS ~ maxw~ll or 
one line of induction per cm2. Note agatn that tn air, 
flux density or lines of induction and field intensity or 

lines of force are equal. 
For example: A pole havin? a str~ngth of 200 units 

is at the center of a sphere of a radtus 2 em. In order 
to find the flux density, proceed as follows: 
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Total lines leaving pole at the center: 200 X 4 -rr = 
2 513 maxwells. . 

Area of sphere of 2 em radius: 4 -rr 22 == 50.24 cm2. 
Flux density (lines per cm2) 2513/50.24 = 50 

.gausses. 
Since B = H (in air), f =50 dynes. 
Coulomb's Law for magnetic poles may be used 

as a means of checking the accuracy of the above cal-

culations. 

f - mm, - 200 X 1 = 50 .dynes 
-d2-2x2 

Therefore, it is seen that the force exerted on a unit 
pole at any point on the surface of the sphere is SO 

dynes. 
Flux density may be determined by the following 

methods: 
1. B = H. Flux density equals field intensity in air. 
2. B = pH. Flux density equals permeability times 

field intensity. 

3. B = ~ . Flux per unit area of_fiel~ cross section at 
right angles to dtrection of the field. 

Permeability. The permeability of a medium or ma­
terial through which magnetic flux is passing is simply 
the measure of its ability to accommodate flux lines. 
According to the theory of magnetism, lines of induc­
tion cause alignment of the magnetic domains within a 
magnetic material. The ease with which magnetic 
regions are aligned vary with different materials, those 
<lf the ferromagnetic group having the least internal 
opposition to magnetic induction. 

In ordinary practice, permeability is merely expressed 
as a ratio of the flux lines existing in a material or 
medium to the flux lines that would exist in the same 
volume of air, all other conditions remaining unchanged. 

By definition: 

Permeability is represented by the Greek letter_ p. 

(pronounced ··mu"). When dealing with magnettsm 
and magnetic circuits, this factor is comparable to the 

FIGURE 6-F/tlx density is measllrecj at right angles 
to tbe dh·ection of the fleld. 

dielectric constant k that must be considered when elec­
trostatic charges are concerned. 

In vacuum, the permeability is unity since the flux 
density and field intensity have been proven numerically 
equal. In air, the ratio of B to H is 1.0000004. Diamag­
netic materials have permeabilities slightly less than 
unity, while weakly paramagnetic materials have perme­
abilities only slightly greater than unity, comparable to 
air. Hence, for all practical purposes, the permeability 
of air and nonmagnetic materials is taken as unity .. 

Materials classed as ferromagnetic, composed of iron, 
nickel, cobalt and their alloys, are strongly paramagnetic. 
But there are other alloys which are also strongly mag­
netic although they are composed of various metals 
which by themselves are weakly magnetic. Permeability 
depends to a great extent upon the composition, heat 
treatment and impurities in alloys. Ordinarily the per­
meability decreases as the proportion of impurities such 
as sulphur, carbon and phosphorus increases. It is not 
a constant under varying conditions and as. such cannot 
be determined simply. 

Magnetization curves such as that shown in figure 7 
are prepared from actual tests on centimeter cubes of 
magnetic material for purposes of determining permea­
bilities under various operating conditions. The more 
rational method is to use c.g.s. units, lines per cm2 or 
gausses being the ordinates and field intensity or oersteds 
the abscissas. Other methods will be explained in the 

next chapter. 
It will be noted that the flux density does not vary 

in direct proportion to the field intensity, but gradually 
levels off with but slight increase in flux density as the 
field intensity is further increased. This indicates ap­
proaching saturation ·in the material, a condition that 
exists when all possible magnetic domains are in align­
ment with the induction. 

At any value of flux density, the permeability may be 
found by dividing the ordinate B by the corresponding 
value of H. A curve determined by this method is called 
the permeability characteristic curve for the material. 
This is shown in figure 8 where the permeability of cast 
steel is plotted as a function of flux density. 
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FIGURE 8-Permeabi/ity Clll'l'eS. 

Various grades of steel vary in pc<mer.biWy from be­
low 50 to as high as 2000, while vacuum-treated pure 
iron may have a permeability as high as 5000. Labora­
tory specimens of special alloys have been known to 
have permeabilities of 275,000 under certain critical 
conditions. 

Rel11c/ance. Reluctance is the cpposit:on to the flux 
lines in a magnetic circuit, and is comparable to resistance 
in an electrical circuit. 

From the theory of magnetism it may be recalled that 
alignment of magnetic domains within a magnetic ma­
terial under the influence of a magnetizing force was 
opposed by some internal friction. This opposition was 
inherent within the material, being high in non-magnetic 
materials and small in those of the ferromagnetic group. 
Hence, as indicated in the preceding section, permea­
bility measures the ability of a magnetic material to ac­
commodate flux lines. If this is true, it is readily ap­
parent that reluctance will vary as the permeability; for 
instance, a material with a low permeability will have a 
high reluctance. 

The unit of reluctance is defined a~ that of a centi· 
meter cube of air, since for all practical purposes the 
permeability of air is unity. As yet no name has been 
assigned the unit of reluctance. 

By definition, the unit of reluctance is that offered by 
a centimeter cube of air through which the flux lines 
are assumed constant. In figure 9 A a path of 1 em:! 
cross section is shown 3 em in length. This path is 
equivalent to three units placed in series, in the direc­
tion of the magnetic field. As the flux must pass through 
each unit successively, the reluctance is proportional to 
the length of the flux path. 

In figure 9 B the air path is shown with a <cross sec· 
tion of 3 square centimeters and a length of 1 em. If 
the same flux value is again passed through this area, 
the reluctance of the path will then be one third unit. 
Reluctance is inversely proportional to the cross section 
of the flux path. 

FIGURE 9--'-(A) Au air path three rmits of reluclallce 
in val11e. (B) One-third 1111it. 

Hcwever, if the air path were repl:::ced by a magnetic 
material having a permeability greater than air, or the 
ability to accommodate a greater number of flux lines, it 
follows that a smaller cross section would be necessary 
to pass a representative value of flux. Therefore, when 
an air path in a magnetic circuit is replaced by a similar 
volume of iron with a greater permeability, the total re­
luctance is reduced accordingly. 

In reviewing the previous statements and examples, 
it can be concluded that the reluctance of any portion 
of a magnetic circuit is proportional to the length, in· 
versely proportional to its cross section, and inversely 
proportional to the permeability of the materials. 

H R I 
Length in centimeters. 

ence: e 11ctance =- b"l· . . permea I tty Innes area 111 cm2, 

When applying this to a magnetic circuit, it must be 
remembered that the calculated reluctance is for that 
portion of the circuit under consideration in which the 
area is of uniform cross section of a permeability p.. 

When the cross section or the value of permeability 
changes, the reluctance of that particular portion must 
then be calculated. The total reluctance is the sum of 
the reluctances of each individual part, the same as 
resistance in a series electrical circuit is treated. 

Reluctances in parallel combine just as resistances tn 

a parallel electrical circuit. 
In a series magnetic circuit, the total reluctance ts: 

L L2 
Reluctance = -A1 pl11s --x- etc . ... 

/Ll 1 Jt~ z 

Reluctances in parallel combine the same way as elec­
trical resistances in parallel. 

1 I 
TotalfJdral/el relttctance = R.el; p!tl.f J(el:: etc. · · · 

Leakage flux. Electric current l~as been considered as 
restricted to a definite path, a wtre for example. Sur. 
rounding air and insulating supports have a very high 
resistance compared to the wire and ~ny leakage current 
is considered negligible. In c~mp~nng conductors and 
non-conductors in electrical nrcurts, take copper and 
glass as examples. Copper has ~ resistance of 1.72 mil­
lionths of an ohm per cm:l wl11le glass has a resistance 

c z 
() 
r-
)> 
(../') 
(../') 

I! 
m 
0 



0 
UJ 
ii 
V) 
V) 

< 
-.1 
(.) 
z 
:::> 

of 1014 ohms for a like volume. From this it can be 
noted that there is a tremendous ratio of current in a 
conductor to that in a non-conductor. 

However, in magnetic circuits, the reluctance of mag­
netic and non-magnetic materials is of a smaller ratio, 
indicating that the flux in air or a non-magnetic material 
·in the vicinity of a magnetic material will be a fair per­
centage of the total flux. It follows, then, that there are 
actually no true insulators for magnetic flux; therefore, 
it is impossible to confine magnetic lines to definite 
paths in the same way that electric currents are con­
ducted. This is illustrated by the fact that even in the 
best designed dynamos as much as 15% of the total flux 
produced "leaks" across paths where it cannot be uti­
lized. This is called leakage {l11x and causes errors of 
considerable magnitude in magnetic calculations, as 

shown in figure 10. 

FIGURE 10-Simplified diagram of the magnetic. field. of 
a dynamo, sbowing leakage loss camed by dJSperswn 

of the magnetic lines b)' air paths. 

Alagnetomotive force. The force that tends to main­
tain flux in a magnetic circuit is called the magneto­
motive force and is comparable to the electromotive 

force in an electrical circuit. 
Magnetomotive force is abbreviated m.m.f. and is ex­

pressed in terms of work accomplished in carrying a 
unit pole once throughout the entire magnetic circuit. 
In c.g.s. units a force exerted through a distance of 1 

centimeter is equal to one erg of work. In M.K.S. units 

the unit of work is 107 ergs or 1 joule. 
The unit of magnetomotive force is the gilbe-rt which 

is the work accomplished when a unit pole is moved 1 

em. This is equal to 1 dyne per em, and since a unit of 
field intensity was defined as a force of 1 dyne p~r 
unit pole, magnetomotive force may be expressed 10 

gilberts or oersteds per centimeter. . 
The magnetization curve shown m figure 9. A is. a 

I f fl d"'nsity as the ordinate and field mtenstty grap 1 o ux .:: · .. 
b · J ·. LJ"ed to determine permeability at as a sossa an ts -' . 

d .ff 1 f flux In ordinary commerCial prac-
1 erent va ues o · . 
. I b . ll rr·presents m.m.f. per em, wh1ch t1cc: t 1e a snssa usua Y '- . . . 

. h . d. ·nt Although umt field mtenstty 
IS t e magnetiC gra te · . 

d . f nert·c·all}' equal, they are phystcaJJy 
an umt m.m .. are nul J h k t . . d 
d. :1 1 ·. -houl e ·ep m mm . 

tfferent quantities ant t 11s s . 
F. · . 1-ted per untt pole, and 

teld intensity is the torce r:.\r: . . . . 

m m f . I k . . pii."hed tn motmg a umt pole 
· •. IS t 1e wor · at LOin ·' 

by this force. 
T!Je magnetic ciJ·e~tit laz"·· The relationship between 

flux, m.m.f., and reluctance for a magnetic circuit is 

identical with the relation of current, e.m.f., and re­
sistance of the electric circuit. 

m.m.f. 
cp=-R-

Stated: The flux is directly proportional to the m.m.f. 
and inversely proportional to the reluctance of the 
circuit. 

This is often called the Ohm's Law for magnetic cir­
cuits, and its application conforms to all the rules of 
Ohm's Law for electric circuits. 

The above formula may be used to solve for flux value 
of a magnetic circuit of several p:trts in series having 
reluctances R1, Rfl, RJ, c~c. and m.m.f., flJ F2 , FJ, etc. 

F F F 
Total flux= R·. plm R~ plm R~1 , etc . .... 

Wh h . length 
ere eac reluctance IS equal to - - . . - -- -----

permeabtllty X area 
Summary of magnetic 11nits. A unit pole is an hypo-

thetical unit north pole isolated from its companion 
pole, and of such strength that it will repel a like pole 
with a force of one dyne when separated 1 centimeter. 

A line of force is called a maxwell and is used as 
a means of indicating the direction of a magnetic field. 
From each unit pole 12.57 lines of force or maxwells 
emanate. When used quantitatively, a maxwell per 
square centimeter is equal to the gauss or the oersted 
since under these conditions the force is one dynejcm:!. 

Unit field intensity is the oersted and is the field 
strength that will exert a force of one dyne per unit 
pole. This is also equal to one maxwell per square centi­
meter. 

The total lines of force through any area is termed 
the flux. The area is taken as a cross section of the mag­
netic field at right angles to its direction. 

The gauss is the unit of flux density and is equal to 
one line of force or one maxwell per square centimeter 
taken at right angles to the direction of the magnetic 
field. In air the oersted and the gauss are equal. 

Permeability is a measure of the ability of a magnetic 
material to accommodate flux as compared to air and 
non-magnetic materials. The permeability of air and all 
non-magnetic substances is taken as unity. There is no 
unit of permeability; it is merely expressed as a ratio of 
flux density to field intensity or magnetomotive force 
per unit length. 

Magnetomotive force (m.m.f.) is the force which 
tends to maintain flux in a magnetic circuit. The unit 
of m.m.f. is the gilbert. It is the work accomplished in 
carrying a unit pole throughout the entire magnetic 
circuit. 

0 

Magnetic potential gradient is the m.m.f. per unit 
length and is numerically equal to field intensity. 

The resistance of a magnetic circuit is called the re­
luctance, but the unit has not been assigned a name. The 
unit of reluctance is taken as that offered by one cm3 

of air. 
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FR_ONT COVER. ELECTRON brings to its readers another in the series of stories of the U. S. Naval 
slupyards. The front cover this month is a view of the Boston Naval Shipyard showing one of the 
v_essels undergoing repair at that activity. Note the staging erected around the mast to expedite installa­
twn of a new radar antenna. 

BAC~ COVER. Three views of activity at the B~ston Nava~ Shipyard. At the top, a view of Shop 67 
showmg some of the machine tools and other equ1pment. M1ddle, a warehouse scene. Bottom, Shop 67 
at the South Boston Naval Drydocks annex. 

DISTRIBUTION: BuSHIPS ELECTRON is sent to all activities concerned with the installation, operation, 
maint_enance, and supply of electronic equipment. The quantity provided . any activity is intended ~o 
perm1t convenient distribution-it is not intended to supply each reader With a personal copy. To this 
end, it is urged that new issues be passed along quickly. Copies may then be_ filed in. a c~mvenient lo­
cation where interested personnel can read them more carefully. If the quant1t~, supplied 1s not correct 
(either too few or too many) please advise the Bureau promptly. 

CONTRIBUTIONS: Contributions to this magazine are always welcome. All material should be ad­
dressed to 

The Editor, BuShips Electron 
Bureau of Ships (Code 993-b) 
Navy Department 
Washington 25, D. C. 

and forwarded via the commanding officer. Whenever possible articles should be accompanied by appropri­
ate sketches, diagrams, or photographs. 

CONFIDENTIAL: Certain issues of BuSHIPS ELECTRON are classified confidential in order that informa­
tion on all types of equipment may be included .. Th~ material published in any. one. issue may or m_ay 
not be classified, however. Each page of the magazme 1s marked to show the classJficatl_on of the mat~nal 
printed on that page. The issue is assigned the highest classification of the material J_ncluded. <;Iass•fied 
material should he shown only to concerned personnel as providt·d in l T. S. Navy Regulatwns. Don t forget, 
this iudut.k~ t·uli~tl'd IKI'~olllll"i! 

BuSJIIPS EJ.i'CTHON contain-. information affntin~ lhl' natiou~tl ddt·JI~t· of tht· llnitt-d Stall'~ within the 
mt-aniu~ of the bpionage Act (U.S.C. 50; ~1, :12) as amt·ndt·ll. 
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