eﬁn hon of Standards and
Fundamental cnd lerlved

Physucal Consta nts

ArPERDIX A

 The definition of prlmary standards is by agreement within the Intematmnal'
Conference of Welghts and Measures whose most recent geneml meeting was
October 1964 in Paris. Measured and derived values of the fundamenta! physmal |
constants summarize hundreds of physncal measurements made over the years by
scientists in all parts of the world. They have been sub]ected to exhaustlve statis-
tical analysis and, with their accompanying error limits (which are given as three
standard dev:atmns) represent the best values to date ( 1963). For most problem
work three slgmﬁca.nt figures suffice, and the “wmputatmnal” (rounded) values |
‘may beused. The data presented are based ]argely on values given in the Nattonal
- Bureau of Standards Techmcal News Bulletm Vol 47, No 10 (0ct0ber 1963) |

* See “A Pﬂgrlm S Progress in Search of the Fundament&l (‘Gnatants ” b'y J W M.
Du Mond Phys:cs Today, October 1965. 2 =



» . AVPENDIXT &

.DEFINITION OF STANDARDS AND EQUIVALENTS

~ Abbre-

- Standard viation ~ Equivalent
‘ 'Meter . - m 1,650,763.73 wavelengths in vacuo of the un-_
| e - perturbed transition 2p;o—5d; in Kr8
Kllegmm : kg ‘mass of the lnterna,t:onal kllegram at Sévree
S Franiee | S
'_ Seeend ~ sec 9,192,631, 770 wbrattons of the unperturbed
| ' hyperﬁne tran51tmn 4 0—-3 0 of the funde-
_ - ' ~ mental state 2S; in Cs!3** LS
- Degree Kelvm T e o TR .deﬁned in the thermodynamic. scale by eesxgn--
. Lo e e 16 °K to the triple point of water
_ Umﬁed atomle me.se umt amu the mass of an atom of the C!2 nuclide
Mele ~ mol  amount of substance centammg the same num-
. - ~ berof atoms as 12 gm (exaetly) of pure C12
| Standard acceleratlen ol & - '9 80665 1r11et,r:-,r/see2 o by
free fall '
Normal atmosphenc atm 101 325 nt/ mete::2 |
ko e . e |
Thertnochemlcal calene - cal 4.1840 joules
Liter, | {  0.001,000,028 meter?
inch - - ~in.. 0.0254 meter
Peund (m'dp.) Ib  0.453,592,37 kg

_-'

e There is no measurable d:ﬂ'erence between thze mnd the prevmus standard ef

tlme, 1/31 556, 925.9747 ef the treplcal year at 12* B ET,0 Je.nuary 1900. For this
reason and becauee even more accurate maser standards may soon be a_.vmlable the
Cs standard was adepted prews;enally rether than ”permanentlv i



| DEFINITION OF BTANBARDS

»

FUNDAMENTAL AND DERI‘VED CONSTANTS

Symbol

- Beat E:pen raental

Name Computational Value Valus®

 Speed of light ¢ 3.00 X IG‘ meters/sec . 2.097926 + 0.000003
Permeability constant Ko 1.268 X 1078 henry/meter 4w X 1077 exactly

- Permittivity constant g  8.85 X IO" 12 farad/meter  ~ 8.85418 + 0.00002
Elementary charge e  1.60 X 107! coul 1.60210 + 0.00007

- Avogadro constant No:o -:5.02 X 1 BH/mnlﬁ . . 6.02252 + 0.00028
Electron rest mass Mg 9.11 X 1 0““ ke 9.10981 1+ 0.0004 -
Proton rest mass my 1.67 X 107* kg 1.87252 + 0.00008
Neutron rest mass m,  1.67 X 10~ kg . 1.67482 + 0.00008
Faraday constant F  9.85 X 10* coul/mole 0.64870 + 0.00018

" Planck constant b 883X 107*! joule sec | ._B'.,ﬁz'iﬁ. :tfi-D*Bm5 .

 Fine structure constant a@ _7,_30 X 10"' o | ?.,2?720 i 0. omm

o _'Eiectruﬁ charge/mass ratio e,/m, .-1.76 X lﬂ“ uﬂuI/kg | _ _'___1_._.753796 + 0. O(H}OIB

 Quantum/charge ratio .~ e  4:18°% 10718 ;nulﬂ uee/cm:l © 4,13556 + 0. Uﬂﬁ 12
Electron Compton wsvelﬁngth e | 2.43 X 107 12 jneter '2.42621 + 0.00008
Proton Compton wavelength ACyp 1. 32.%. 1{'} "’ mrtf-r - 1.32140 £ 0. 00004
Rydberg constant R 1.10 X 107/meter 1.0973?'!,1 + D 0000003
Bohr radius ‘ap  5.29 X 107! meter _ 5.29167 1+ O. omo:r -
Bohr magneton up  9.27 X 107 joule/teslas 0.2732 + 0.0006

 Nuclear magneton BN 5.05 X 107% joule/tesla® 5.0505 + 0.0004
Proton magnetic moment Bp 1.41 X 10"‘“_ joule/teslas 1.41049 + 0.00013
Universal gas constant R 831 joule/°Kmole ' 8.3143 + 00012

- Standard volume of ideal gas - —_ 2.24 X 1072 meter?/mole 9.24136 + 0.00030

" Boltzmann constant k- 1.38 X 1072 joule/°K 1.38054 + 0.00018
First rn&mtmn cﬂnatamt x 2 hr cy - 3.74 X 10~18 watt/meter? '3.7405 + 0.0003 |
Second radiation constant hc/k oD 1.44 X 1072 meter °K 1 *41879 i {) t}nﬁlﬁ -

- Wien displacement constant b 2.90 X 1072 meter °K 2.89?3 :I: ﬂ 0(}04
Stefan-Boltzmann cunatant. o 5.87 X 10~8 watt/meter? °K*  5.6697 + 0.0029
Gravitational constant G 6 867 % 107! nt meter?/kg?  6.670 £ 0.015

& Tes!a = waber/meter

¢ Same units and power of ten as the cﬂmput.nt-mnnl vu.iue



Mlsce“aneous Terrestrlal afo

Standard atmosphere

Density of dry air at STP»

Speed of sound in dry sir at STP

Accelératianh(jf grzivity, g (standard valﬁe)b

Solm" constant®

Mezm total sela.r ra.dmtlon ke

Equatonal mdms of earth

Po_lar-radiu';of earth

Volume of earth

Radius of sphere having same volume

APPEND!X B

1 013 X 108 nt/meter’--
- 14.70'1b/in? i
760 0 mm-Hg

1 293 kg/metEra

2458 X 107 slug/ft‘_i_b

331, 4 meters/sec
1089 ft/sec
. 7425 mIIES/ hI‘

-9.80665 meters_/s_ec2 | '_ -
32.1740 ft/sec? =

1340 Watts/m"__"'._ .

1.9 cal/cm*min - -

3.92 X 10?8 watts

' 6.378 X 10° meters s
- 3963 mlles |

' .6 357 X 108 rneters .

.3950 m:les e

~ 1.087 X 1021 mu‘-:t.er3 |
- 3.838 X 107 fi'.3 |

.6 371 >< 10“ meters

3909 miles

2,000 X 107 ft.



S MlacaLLANEOUB TERRE“»TRIAL PATA . 4 033
Mean danmy ofearth v ta e ;;,5522 kg/meter‘ -

Mean orbltal apaed of aarth e o le | ; 29 770 meters /aaa _
s s dm UaE | 18350 miles/eRg |

Mean angular.apaed of rot.atton of aarth 7 29 X 10'B rﬂdlﬂﬂﬂ/ sec
Earth’a magnetlc ﬁeld B (at Waahmgton D C) . 5 7 >( 10“5 teala"

Earth’s magnetm dipOle moment : :;_ o S 6 4 X 10“ .amp-m’
. STP = at.andard temperature and pressure = 0‘“ C and 1 atm
b This value, used for baromat.er corrections, lagal weights, etc., was adopted by
tha Intematiana] Commltt.ea 011 Walght,a and Measures m 1901 It. approxtmatea
45° latitude at sea level. | B o | |
~ *The solar constant is the so]ar anargy falhng par umt tlma at normal mcldenca _
on unit area of the earth’s surface ' e
:: d Tea]a === *liniraI:)er/mai;arz o
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ymbols Dlmensu:)ns and Unlts
for Physncul Quanhhes '

APPENDIX F

All anite and drrnensmns are in the mksq (mtmnahzed) system. The 'pﬁﬁiﬁfﬁy
units can be found by re%dmg kllograms for M, meters for L, s&cgnds f{)r T and

coulombs for Q. The symbnis are those used in the bext. .
In practice, Q is defined in terms of M L,and T. Hmwver the addition @f Q to

~ the traditional M, L, and T enables us tﬁ avoid the use of f“ﬁi‘*tmr‘ﬁl e*cpc::nen%:q in
dimensional cenmd@ratmns The term ratmnahzed’ SImpljy means that & f&{ft@l‘;:"
1/4m 18 separated out of Cﬂulomb s law in order to remove the facwr 4?:' timt wmﬂd___f ._

otherwise appear in many GthEI formu!aﬁ n eiectrmt}

e i
" Sl

e

B e T B W L T 1 = e =r "2 - bl

Qﬁﬂﬁtit}’ | ymh{ﬂ "Diﬁnemimg | Derived --.Units._._-'_-..-f.;-_l'_'_:' ‘

yPRp— b I T

A e . iy 2 L % = :: .
8 e | meters/sec?

i . '. . 'mdi_ansﬁse:c.? -
—-—H e i rRIGI )
T‘““"1 L ' radians/sec

kg-m?/sec

'T“_’-?'. e | radians/see

e B B e

L~ -1 . | meter

Acceleration
Angular acceleration |
 Angular dzsplacement e
*Angular frequeney and speed
Angular mom&ntum
Angular velf}mty
LAreR. e
: Dasplacemeﬁt

o
ey
e
ey
"13

ol
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 APPENDIX .

D:menswns

: ’ Derived Umta

- Quantlty
Energy, total

| _kmetm

| pﬁt’en__tial

' Frequency

- Gravitational ﬁeld strength
-Gravztatzonal potent:al '
Length _
Mass dellslt;y

- Momentum

Period '

~ Power

. -Preasure e

- 'Rotatwnal mertla

~ Time_

' ‘Torque
_ Veloclty
Volume

_ Wavelength
. Work |

| 'Entropy

- Internal energy
Heat cac
-Tempera'.turé

- Capacltance

- Charge

- Conductlwt_v

- Current e
- Current, dena:t.y

~ Electric displacement t
 Electric paiar:zatwn

~ Electric field stmngth - -':f y

Eleetrie flux
- Electric potentml

Indmtane&

Magnetic dipule m@ment ko

Ma.gnetlc field , strength
Magnetic flux |

'___M&gnetzmtmn
Permeabili ty

EFmiti;mf;v 5

= : o, %
: - ] F
- L

'Symbo]
| ' MLZT——!
; ML’T“_ g
ML:T-:
MLT-*"
ey
o fe
’ L!Tﬂ-i i

R Pl o

=] ML‘Tﬂ}
7

[ MLT-3
ML““T_"

ML

o

W

w -f-_"%_::'ML’T"

i i .MLzT-' e

5 e .ﬁ_ . M"‘ L"* TQ’
e L0

e Eraga IQ
Electric dipole mement e b IO
oot oA ’Q

¢ M LT"”Q"’E
I '-'.-;ML*T‘“QQ”

Hootn i M LT~ Q1

. Eiectmmﬁtwe f{}re% . . }lﬁ’,’T‘“"zQwI

.o _-if_f'L’T“ ’@

Magnetic mductl{m o T

ML L-! - ‘Q

o M—»-i L“3T2Q3

¥ MLzT““‘Q“E
f M L’T“"Q‘““‘

o fML’T"’.

| joule

| joule .

i jOUIe |

| newton
hertz = cycles/gec
| nt/kg

| Joules/kg

kilogram

i -kg/m’

kg-m/ se¢

| second

._"watt |

| nt/m?

. |kg-m?
| second.

M L 9 T____ : ' '

LT"‘ b 3 meters/sec
g, ] meter‘
| meter
101113 -

_'Joules/K“

= "_](}ulﬁ -
_-mule

- '-:5farad

cnulemb o
(0hm-meter)"1
‘ampere

i 9.n'mp/mei;er2

‘coul-meter
#mul/nwﬂ;e!'2 -

f;a::ml--ltn:vei;»za'r2
V{}lts/ meter

WLE LR

|volt-meter

E V{)It
| volt
henry

weber == valt-éeﬁ

amp/ meter ’
hemys/ meter

{}hm
oh m-EHM}EE‘

| volt

9.mp*-m..eter2 o
ﬂf ampumet»er “

tesl& = webers/ meterf'



Converswn Foctors

APPENDIX G

Convemmn fact.ors fcr common and nat-so-common umt.s may be read oﬁ
. 2.778 X 10~? revolu-

dtrectly from t.he tables below. For example, 1 degree =
tions, so 16.7° = 16.7 X 2.778 X 10™% rev.

The mks quantltles

are: capitahzed

‘in each table. |
e PLANE ANGLE 1o
: o e

' o | s ’” RADEANN rev
1 degroe = | il R 80 l 3800 | 1.745 x 107% | 2.778 X 107}
1 minute = 1887 % 1078 2 - 60 2.000 X 1071 | 4.630 X [y
i second = 2.778 K 164 : 1.667 X 107*% | 4548 X 1078 | 7.718 X 10--“!-
i RADIAN = | 5730 3438 | 2.083 X 10° e - 0.1592
1revolution = | 360 ! 2.16 X 104 | 1.206 X 10% 5.283 1.

o LT x T Y

irev = 2x m'tiilnu = 3ﬁﬁ'-’

. SGLII} ANGLE

..-.-nu:n : ae

1% = 80 = 3600"

spherﬁ == 4:' uteradmm s 12.5‘5’ m«zmm 5

ol

8 Adﬁpted in part from G.
Hall, Englewood Cliffs, New Jerﬂey, Second Edstmn, 1955.
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42 APPEN DIX - G
LENGTH
cm METER km in. ft ~ mile
d

1 centimeter = 1 10~2 1078 |  0.3937 3.281 8.214
: L3 | | ' x ._‘“]"'“? ¥ 108

1 METER = 100 i P e 30.37 | 3.281 6.214
o D ] X 1074
1 kilometer = 108 1000 . 3.937 | 3281 0.6214
o | | SOOI Rl ,

“inch = 2.540 2.540 2540 | . 1 | 8.333 1.578
el X 1072 X 1078 X 1072 X 10~

ifoot ™ 30.48 0.3048 3.048 12 wy 1.804

e a e | X 1071 | v X 10~

1 statute mile = 1.609 1609 1.609 | 6.336 | 5280 1

e % 10" - X 101 |

l'nngutfnm.' (A} = 10710 meter

1 light-year =

9.4600 X 10'%2 km

1 yard = 3 it

1 British imperial gailon = the volume of 10 Ib of wnter at 62° F = 277.42 m
1 liter = the volume of 1 kg of water at lta maximum dmmtv = H}B{! {}28 cm?

1 X-unit = .10”‘“_3!2&_%&31' 1 parsec = 3.084 X 10'2 km lrod = 1651t
1 micron = 107% meter 1 fu.thnm = 6 ft I mil = 1073 in
1 millimicron (mu) = 107? meter | - -
1 nautical mile = 1852 meters = l 15{)3 utatute m:leu 6076 IU ft
s ~AREA
g S o | | e S P
METER? cm? ft2 int - cire mil
.1 BQUARE MEI’ER 1 104 ~ 10.76 . 1550 1.974 X 0
1 square cant:mater 100l - 1 ] 1,078 % l'{}“" - 01550 | 1.974 X 10°
1 square foot = 929& X 10~2 | - 929.0 1 144 1 1.833 X 108
1 square inch = | 6.452 X 1074 |  6.452  |6.944 X 1073 ol LT3 X007
1 circular mill = 1 6.087 X 1071% | 5,067 x 107 | 5.454 % 10? . 354 x m**‘f Sam Rl -
— Vi i P ' TN . =
1 squnre rmla = 27,878.400 ft? = 640 acres  1mcre = 43,560 ft?
l barn = 1028 ® meter? e W
VOLUME
~METER?! | cra® o ft? ms
t CUBIC METER = Loy o g0 siull o fooe Bty 9B 6.102 X 10
1 cubic centimeter =~ |  107% R 1.000 X 1072} 3.531 X 107° 8. 102 X 1072
Liiteee ... 1.000 x10°% | 1000 - | .1 3.531 X 1072|  61.02
1 cubic foot = 2832 X107 | 2832 X 10| 2832 | 1 | 1798
I cubic inch = ' '--'17;6'3_9 X 1078 | 16.39 'h- 1.639 X 1072 5.787 X 1074} 1
l U. 3 Auid ga]lnn «+ 4 U. S. fluid qunrtu = 8 U . pints = 128 U. g, ﬂmd ﬂuncea = 231 in,*
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MABB

Nute Those quantttms to the right of and bulaw tha henvy lmeu are nnt mass unitn at all but are of tan |
uaecl as such. When we write, for axample. . .

-3 kg ! 2205 b

this means that a kilogram is a mass thu.t umgha 2.205 puundu. Clearly this * ‘equivalence'’ i ts apprmtmn;ﬁ
(depending on the value of g) and is meaningful only for terrestrial memr;remunts Thua. care m_uut:;. e

employed when using the factors in the shaded pnrt.mn_ of the table.

gm KG slug 'ﬁ'mt_i'

8024 !
X 10** |
 68.024 |
x 10%* §
| -8.780 |
t s x _.lﬂf! S

T 1
_x.xp:'%*_. |

0.001 | 6.852
g | x 1078
1000 | 1 6.852
| Ll X0
1459 | 1

1 gram = | | =S

1 KILOGRAM =

1.459

% 10¢
1.660
X m'_“.

1 slug -

1.660
X -10'-'."

l1amu =

3.335 -
10"’

%1078 X leﬁ .
| 3.108 ; 2.733
X103 | X -10*' f.i
63218 | 5465 | 3.2
X 10% } X io

[eepen—— P

- e A e = s
A K

907.9

DENBITY

Hutue Thm quantztmu to the right or beluw the heavy line are werght dmmtma amd as at;rh nm dimen.
nmnally different from mass. densities. ("ara must be used. (See nﬂta fﬂr mﬁaﬁ table.)

=

: !luE/ft! : K(}!METERa e

TR e Tl o L ks L B

1 KILOGRAM per l_ | ot b o e
METER‘ 1940 X 1077 1 T eo0m ]
imm mr ¢m IME} 1000 -

P

18.02

1 Wﬁndmft’ i 3.103“)( 0“' -
Z. ?33 }{ iﬁ‘

i mnm! wm.’ - o BRTL

E e .-' ._'-. =

' 1..ﬁmxlo”* f' — i
— e _ -

=

- TIME

_'-_ I-u:nu" i

i e

BRI TN TR o

3.1568 X 107
£.640 % 10°
SO0

5259 x 10° |

8.766 % 10%
| 1440

Lysht = = o] 7 op $365.2
di 2 | 24

iday = 5738 X 10731 1

1 hour =
1 mmut.e 2=

1 SECOND =

1,141 X 1074
1.801 X 1078

3.169 X 10~

4.187 X 1
6.944 X 107

01

1.157 % 1078 |

1.667 X

1672 |
2.778 X 1074

i iy " an

- 1.667 X 107*

Ll s,




- . APPENDIX G
 SPEED

rip iy el e I TP o e wrilferr L i e,

 ft/eec | km/br |METER/SEC| miles/hr cm/sec

T e iy et iy e o e

1 foot por sec-
G e e

1 kilometer per
hour = = |

1 METER per
SECOND =

- 1 mile per hour =

1 centimeter per
second =

1 knot =

't | roer | 03048 | 06818 | 3048 | o.5025

09113 | 1 | o278 | o214 | 27.78

=

- 0.5400

1.944

3281 5 oy 2237 | 100 |
0.8689

1467 | 1.609 | 0.4470 . 44.70

1.044 % 10—2
1

18.281 X 1072 | 3.6 X 10~? 0.01  |2237 x 10~2| 1
1.688 |  1.852  0.5144 1.151 51.44

L e Had 2 N TS T PR ieny

~ Lknot = 1 nautical mile/hr 1 mile/min = 88 ft/sec = 60 miles/hr
50 TS | mRle o meg o FORCE. e
Note: Those quantities to the right of and below the heavy lines are not force units at all but are often
used as such, especislly in chemistry. For instance, if we write |

1 gram-force =" 980.7 dynes,

‘we mean that a gram-mass éxpe'riencu a force 'hf 980.7 dynes in the earth’s gravitational field. Thus, care
e factord in the shaded portion of the table. |

must be employed when using th

' AR -
., g r_-\.l;' ' =4
. i -] & -2 o
F * x . R .'--j.-“' - e =
o x R A T MR oyl e B Bga:
. 5 o i g e E §
; TETH, s Do S g R = - o el s gl
7 1 5 ST A ol o -_,?*-'-""'-"- i B ke ooy R
] R et LT :".E'-? i, - B e T ! s T il ey
o 1hi - B A=y K - e L o e tw Al g i = g -3 2 e LR
- 2k m, i TR, TR r e TR - : e LRl
n - : y - - R AT R [ B A S PR i & ¥
* T - 1 e, L - - M= . e -
» ] i " T - A e e S L e i
; - - o= ; b M Sy R e B SRR [
[ % s ' oL A Lo S F S fm g P o : e s W
L u [ A 5 - H o - e S B : —
+ T ] ] i P R Sl r £im, i
; el o w s
. i r Tk
s

- 2.948 7233 | Los0 - |
X 10~* X 10~% X 10-8

1 dyne = 1| 10-®

1. | 03248 7.233 | 1020 | . 0.1020
77T S T I Y i BT

i

q  4.448
- | }:!m“ | | i e e
1 poundal = - L98s - f 04383 L awe . | -1 . T M0 | 1410

1 NEWTON =
1 pound =

S

r e e TRt
. S,

. I T o

- - -."'.E'-\._-_-

o 9807 | 0807 (| 2908 .| 7.008 1 | o001
e i e 11078 | ox10-® | x1072 | M

1kef = 0.80865 ¢ 11b = 32.17308 pdl e
_ R 1 X

= L - PR

__inch of N1/ |

3 . : - : : £
.._fiy__ne/e:m water em Hg iME’rER{"*

ib/in.2 | Ib/ft2

1013 | 4068 | 78 | 1013 | 1470 | 2116
1.1 4015 -] 7501 | 0.1 1.450 | 2.089
A Sl NN e g e sl
2491 1o 0.1868 | 249.1 | 3.813 5.202

5 | e - o w 102 o

!
8388 [ 1 G| 1mes | 0.1934 | 27.85
| . o

1 utmoaphéra =

ldyneperem® =

1 inch of watsr st
4° C’“ = _ b |
i centimeter of mer.
oury st 0°C % =
i NEWTON per
METER? =
l'mund pe!'_.in_! e

)

4.015

> . . X 1072 | x 10™¢ |

6.805 | 6.805 | 27.68 5171 | 6.895 1 - 144
o . | x 10 _ .

| 4725, | 478.8 | 0.1922 | 3.591 | 47.88 | 6.944 1

e T O lOf"_-i' LY . | W 102 ¥ 10”8

A = - e R ' g T B e Z 2 venksEy i
- = -

"7.501 1 | 1450 | 2.080
X 1074 | X 1072

L

i pnund_p&r ft? =
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| Beu/br

T DR, IR,

1 British thermal
unit per hour =

| fmt*puund per
minute =

i foot- pound per
second =

1 horsepower =

i celorie per

socond = |
1 ktlowatt =

1 WATT =

1 abcoulnmb (1
emu) =

1 ampere-hour =
1 COULOMB - "

1 faraday =
1 statcouiomb (l
ﬂu) - |

] % 108
- 1429
8413

 3.413

| ft1b/min

APPENDIX G
 POWER

cal/sec

kw

. WATTB

2545

ELECTRIC CHARGE

' _ﬁm'p-lfir'

g x 1072

| 3.087

737.6

0.2161 i
. 3.030 |

0.7376

-

| 1.818

3.920

X 1078
X 1078 |
5613 '

e lim
1.341

x 10~%

- 0.2389

0 | 2.930
X 1071
5.300

03230 | 1.366

178.5

2389 | 1

x 1074
2.260
X 107%

x 1078 |
| 0.7457 i

0.001

2.260
X 102
1356

745.7
4,186

1000

w1

cour. |

 faraday

I, TR

5 staf;cnul

1
360

0652

| 3.336 x 101

e 1 eiectrﬂnm nharga

2,778 X 107

1

2.778 X 107¢

26.81

9.266 X 10714

219G
3600

| 9.652 x 10

3.336 X 10710
_5. ' |

ELECTRIC CU RRF NT

s . = = . x ¥ = L -
E L e, - k
s * ! = = s TTE - % d-ls o
. R - r - ) i i - ‘ . - e o

| 'ﬁh'amp |

AMP

- 1.036 X 1074

| 3.730 X 1072

1.036 X 107°
T

1 602 X 10 1% cmllnmb

3.456 X IG- 15 o

2.998 X 1010

1.079 X 10%*

- 2.998 X 10°
| 2.803 x 10%¢

- at&tﬁmpj .

PP e T £ = vrla i

l’ﬁba‘i.mperﬁ (1 emu) =
1 AMPERE =

l ﬂtat.amperﬁ (1 eau)

i
01
3 336 >< 10'“

10
O

1 3.336 %X 10~

2,008 X 101
| 2.998 x 16°
10 =1 o

A

ELECTRIC POTENTIAL, ELECTROMOTIVE FORCE

s .

VOLTS

staty \

—

_.i nbvalt (1 Eﬂlﬂ) = _ =5

1 VOLT =

1 statvolt (1 esu) =

—t

108

2.008 ¥ 1010

o
Lo
: 299-8 !

3.336 X 107!
3,336 X 1073

ELECTRIC RESISTANCE

~ abohm

mﬂm*‘a-m) -

10HM =
3 ﬁta.t.ohm {1 mu)

| '1 -
10°
- B.987 X 10%

OHMS

statohm

i

1113 X 10—

L1113 x 1071

8.987 X 101! ‘¥




T T I N R M e

il

| abohm-cm |

" CONVERSION FACTORS

ELECTRIC RESISTIVITY

pohm-cm

" ohm-cm

| statohm-em |
I.

47

ohm-cire
mil/f t

1 abochm-centimeter

{1l emu) =
i1 micro-ohm-
centimeter |

1 ochm-centimeter =

1 utatﬁh m-centimeter _'

(1 esu) =

1 OHM-METER =

1 z'ﬁi}'m#ci”ré'{tlar mil
 per foot =

8.087
x 102{1
10!1

166.2

'0.001

8987
| R W lﬂ,]? .
10*

0.1662

CAPACITANCE

: abf

o 1945
1"

8.987

100

1.662
¥ 1077

1079

e 1ot |

q.

s
3

1.113
X 107 |
| 1 113

X 10*""1!
113

X 10712

1. 113 -
X 10710
1.850

1 abfarad (1 emu) =
'I-FARAB =
1 microfarad =

1 statfarad (1eau) =

W—ﬂ

a Thm umt is fraquently ahhrm mted n.u ml‘

1
10~°
10718

113 x 107%

|t

1.
1078

L 113 X m"“

10°
1.113 X 10°8

INDUCTANCE

 atatf

3 087 ¥ 1020
'R.OR7 X 1ol
8.987 X 10°

stathenry

1 abhenry (1 amu)
1 HENRY =

1 microhenry =
1 millihenry =

1 stathenry (1 esu) = |

- : - i

- 10% -

1000
108

| 8.987 X 10%

-

HW.#

R s
10T

0.001

'8.987 X 101! |

8.987 X 1017

0.001 10~
10% 1000
1 . 0.001 -
1000 P

MAGNETIC FLUX

maxwell

1 maxwell (1 line or 1 emu) =
1 kiloline =

1 WEBER =

R

_M

1 esu = 200.8 _waberu

1000
10%

Kiloline

8.087 X 104

e
it

1.113 x.107%
1.113 x 10712

11113 x 10718

1.113 X m—“
1

0.001
1
10%
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APPENDIX G

| MAGNFTIC INDU(‘TION B

gauss

kiloline/in.?

WEBER/ :

METER?

‘milligauss

L o A i

1 gauss (Iiﬁﬂ’per cm’) =
1 kiloline per in.2 =

1 WEBER per MFTFR’
"1 TESLA =
1 milligauss =

1 gamma =

155.0

104
0.001
107°

6.452 x 10”3

1

6452
| 6.452 x 10™°
6.452 X 107°

10"*

5'50 X 10"

Ty e
1077
10-°

1 esu = 2,908 .)( 10® webers/meter?

MAGNETOMOTIVE FORCE

ol S e

1 abampere-turn =

1 AMPERF-TURN

4 gilbert =

l prngllhert = 4: nmp*turn

- nbnmpere-turn per
_centimeter = .

-l nmpere turn par renh--

 meter =

1 ampere-turn pér mrh -
1 AMPERE-TURN per e

- METER =
1 naruted =

MAGNETIC FIFL

- S e S T . a5 § s e

R o o L

| abamp-turn

abamp-turn/em

_ {?958)(10"

1 esu =

* e

o
0.1

O RSl S ESEW S md bme e

10
p

CAMP-TURN |

0.7958

turn/em

amp-

ailhert

T e i Nt N T SR

2, 355 X 10*‘“ mp-turn

STRFNGTH H

¥y

amp-turn/in.

loi

1550><m"

Lo

AMP-
TURN/

URN/ | oerated
METER| '

- :
l Yo

i X .G:II
3.937 X 1072

1 oersted = 1 gilbert

- 0.001
1 7.958 X 1072 |

2 855 X 10"" amp-turn/meter

e ol =
1 praoersted = 4x amp- turn/ meter

| 0.7958

0.01

10

| i
l 0;3937';

25.40

2.540 % 102

2.021

2.540

1000

79.58

5 o .
L 1 ! T X &

= _12'.5_?"-._--;
o B
= '-0 4947 '

o 257 X 10‘"" j_




Mathematical Symbols and the
Greek Alphabet

APPENDIX H

.M athematical sgns _and symbols

= equals
o~ equals approxlmate]y
 is not equal to
 =is identical to, is deﬁned as
3 is greater than (> is ‘much greater tha.n)
< i less than (K is much less tha.n)
2 is mare than or equal to (or 18 NO less than)
< is less than or equal to (or is no more than)

+ plus or minus (e.g., \/fi = +2)

'« is proportional to (e.g., Hooke's law F « z, or F = —kz)

T thesumof el
% the average value of N

The Greek alphabet : '

~ Alpha
Beta
- Gamma
Deltsa
Epsilon
- Zeta

A - Nu
B

r

A

E

_ Z
Eta —H:
O

I

K

A

M

o

B _ A
s A Pi

& i e S

¢ Sigma
] _Tau |
6,9 Upmlon i

-~ Theta
' Phi

Iota

s

t
AN | Pei~
" Ome_sa

Lambda
Mu

€ 'G;R o < 2 9 'b %.;.._ﬁ m -a
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f Mothemahcal Formulas

APPENDIX I

Quadratic formula

L

Trigonometric functions of angle §

-3
3

b |
I~

een @m . gag @ = [N aligrg

Py"“'ﬂorm theorem' GO0 B G dar )

Tﬂgonomeﬁ-w uientztws L =Rl v adunll | 6 a pb il i
8in?@ +cos?f=1 33329 — tan? =1 csc?20—cot?@ =1
sn(at+pP) =sinacosP +cosasing

- cos{(a tp) = cosacosfB + _Sit_l asnf

tana + tan 8

tan

3 iﬂ) 1 e tanatanﬁ
sin 20 = 2 sinfcosf |
cos 20 = cos’e ~ 8in? 0 = 2 cos? § — 1 = 1 —-—-23111’6

'’ — 6—10 - eiﬂ +4- e*fi_ﬂ-- '

mé = — 8 = e |
; R ST i
et = cos @ + isinfh

'Tﬂylor*s.seﬁea_‘f .. . __ . .
| f(:r..-q:f_,+ z) = f(zo) + f "(zo)z + j‘”(_xﬁ)'% +*f”(x“) ;;! 4 - -



| ,$ e
[3111:!:=£————+—~—~_—--.- s vy (o X2 K )

¢ in radians

Déﬂmtit__ﬁes' and indeﬁni(e integrals '

In what follows, the letters u and v stand for any functions of z, and a and m are
constants. To each of the integrals should be added an arbitrary constant of
integration. A Short Table of Integrals by Peirce and Foster (Ginn and Co.) gives
a more extensive tabulation. o e R

1; j — 1 - N ST omnsema i s l. j’ d$= x i 2

i _ sond e g B @ en Aok R o1 '
4, — 2" =ma™' § e Sk [ mdg=—— (m# 1)

5, —Inz = - W g - - o -
T LY Lol A

Noldpabp ¥ 1 fedsmo

d . '
8, — sinh z = cosh z 8. feoshzdz = ginhz

dz



e - APPENDIX 1

ﬂ.i-mhz-sinhx 9 fsmh:z:dz cmhz .
g ooy I i
. — = | 10
10 d:arctmx 1+"'-z, . . THa
d - 1 |
.ll.--arcmnz==

3 e 1L | ——— = arcsinz
. vﬁ—¢= - ' .[vﬁ—¢z _
e 'E' aresec s = — o 12 [ i e .= amsecx -

= arctan z

dz | z\/x’-l :!:‘\/:1:"’

13‘ écmz = —.ain x...z F e 1 - 13‘ fslnxdx s cgsx

14. isin T =CO8ZT - ' 14. f.coéa a:-_d:z:—-:" sin z
15.:&;t_anx=m’z, o 5 B g & 19._ftan:cdx=.ln Isec_;rl

16. icotx sty . o M B e - 20. fcotzdx ln |sin z|
17. o %cz =tanzsecz 21, [ sec :cd:z = In [sec z + tan z|
18. —cscz = —cotzescz ~ 22. fosczdz =In|escz — cot z|

dz

Vecor products e b
Leti j,l:beumt vectors in thez y,zdlrectmns Then |
deiiens € WY G =JJ=kk=1 _._'I_Jka kl'“O
'ixi=jx3mkxk=0 _ '
' iXJ—'l.c;.--' '.J)(k“’."l,. k)(1=_]

...._

Any vectora mth components az, Gy, a, along the z,y, z axes can be Wrztten - 1,
UL a=ﬂzl+ﬁ,,]+a,
Leta, b, c be arbltrary vectors with magnitudes a, b, c. Then
RX(b+c)=a)(b+a)(c |
__ (aa) Xb=ax (sb) s(a X h) (s a scalar).
Let 0 be the smaller of the two angles between a and b. Then
a_b b-.-a ma,b,fl-agb,m{-a,b, = ab cos @

gl TR ANt » i om T
aXhb=-b Xa= a; ay a,| = (agfr;ﬁwb,a,)l (a.b --b,a,)j

| 5 b 0, b, +(a,b —b,a,)k
o Xb| = absing it
a‘(bxXe) = b':-'('?c'X'a) = ¢+ (n X b)

aX((Xec)= (a~c)b — (& - b)c



Volues of Tngonometrlc Funchons

APPENDIX J

- TricoNoMETRIC FUNCTIONS

087 1
.1396
1571

coprds 110
080 -1t 4

0

1

2

3

| 2.4

0873 | 5
6

7

8

g

- .2260 | 13 .
2443 | 14
.2618 | 15
2793 | 16
2067 | 17
3142 | 18
3316 | 19

Cesmea Sines -

S BES
&R N e

Cetangﬁnts' Tangmts Degreea Radlm
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Sines | Cosines

Radians

APPENDIX J

TricoNoMETRIC Funcrions (Continued)

Degrees

S

LIRS

Tangents

Cotangents|

.3401 |
. 3665
.3840 |

.4014

_45384;T

A
4887 | -

5061

4189

20
21

< e
23 -
24

27

,25fﬁﬁ=
i 26 %j.
| .4540
| 4695

R

. 3684
. 3746
. 3907
. 4067

.4848

.8000
.0150

1 .5299

.5446

,5736
. 5878

.6018 |
6157 |
w;6293

| .6428
6561
1+ o001
| .6820
. 6047
L7071

| .3420 |

. .4226 |
Fi4384'k.
. .8910
.8829
.8746

_L_:}5592TG}

i

.9397 |
.9336
9272
.9205 |
.9135

”59063%1.5_
%8988,1:;i

.8660

8872

  }8480¢T. |
” .8387  L
.8280

8192
.8090
7986
7880

amm |

7660 |
7547
. 143)
7314
| 13
7071

Cosines |

13640
. 3839
4040 |
4245
4452

.4663 |
4877 |
S

5317
5543

5774
6009 |
;;36249:“_ ”
6404 |
. 76745 |

.7002
. 1268
.7536
a8 |
8098 | =

8o |
.:f;38593;ﬁﬁﬁif

,.9657‘*'k
1.0000

-
2
o

ol o ot pud ek okt bt et et DD

s ooy

748
. 605
475
.396
2.

246

050 |
.963
. 881
.804

732
. 664
. 600
.540
483

428
1.376
';235-"

e |
R0
]
o |
Sgaa

000

i £

Sines |Cotangents|

Tangffe-nt.é

70
69

- 67
66

62
61

a9
o8
&7

.r '

2217
. 2043

.1868
.1694
.1519

.1345
1170
.0996
0821
. 0647

10472
10207
0123
0.9948

bk ek ok

| 0.9774

0.9599
0.9425

| 0.9250

0.9076
0.8901

0.8727

| 0.8552

0.8378
0.8203

1 0.8029
1 0.7854




| 1 g01

1902

1903
. Pierre Curie

~ Marie Curie
1004

- 1905

1906

1907 .

b
siecon
1011 W

1612
1013

ﬂ]i914;-
1018

1016
1017
1918

1618

Philipp Lenard = -
- Slr Jm&ph thn Thﬂmsﬂn

: .-'.Albart A Mwhelmn

| Jﬁhlﬁﬂt‘.ﬂ D:denk vﬁn &er

Nils Gustaf Dalen
‘Heike Kamerlingh-Onnes

{obe I Prize Winn er S’in

Physms

: 'ﬁ'lihélm' Kﬂﬁrﬁd Rciﬁtggn Rt

Hendrik Antoon Lurantz
Pmt.er Zeeman '
Hﬂl’il‘l Becquarel

Barﬁﬁ:'Rﬁyleigh' =

: Gahriel Lippmann

Gug&wlma Mamﬂm
Karl Ferdinand Bnun
ulu

-'W.i!helm .-W-mn'---

Max von Laue

- Sir William_ Henfy Bragg
| Elr Wilham Lawranca Brﬁgg

-(Nn a“rd) -
: _Charles Giuver Bnrk]a

Max Planck

J nh ANNes Stn.rk

: 1345~1923
 1853-1928 -
~ 1885-1043
© 1852-1908
. 1850-1908
- 1867-1934
. 1842-1919
S 1862-1947
. 1856-1940

 1845-1921

| 1874-1937
~ 1850-1818

18371928
 1864-1928

* 1869-1937

© 1870-1960
 1862-1942
| 1890~
 1877-1944

| 1858-1047

 1874-1957

33

G,Ef:man" '
Dutehk

.Dij_-tﬂh-

- French
French

~ French
English
German

English

U.S.

 French

Iialian
Ggrmnn _
D_u_tc’:h _

| Gérman
| Ewedmh_ S
- 'I)titch '

Cerman

~ English
| _. Eﬂgﬁl}!@f

APPENDIX K

; Diacﬂvery nf X,rnym s

influence of magnatiam on. the
' phennmena of atomic mdmtinm

Discovery of nntuml radioactivity
" and of the radioactive elements
o ‘radium and pﬂlnnium
- I}iamvary of argon.

Rma.rch in Elthﬁdﬂ ra:-,ru. A

| Cnnduc%mn of electricity thrnugh

Inwmwm of mter{emmﬂer lmd'

spectrosecpie Md m@tmlmcnl
}nveat:g;atmun -

 Photographic mprﬁduetiﬁn ﬂi

~ ecolors.
avalnpment nf w:raim telmi

- raphy.

' __Equatmm o{ ﬂtnte al guses and

fuids.
Laws of heat raclmtmn.
Automatic coastal lighting.

" Propertiez of matter at low tem-

peratures; pm&uuﬂﬁn of hqﬂid
helivm.

&ﬂrnctmn of meyn in crﬂtﬂs

Study of crysts! structure by |
~ means of X-rays. '

hisson

English
German

Germean

"Dmcnvery of the ﬁhnmminﬁc

- X-rays of elemuntu

Discovery. nf the e!#mental quln-
tum.

Discovery of the anpler affm:t

" in cansa! rays and the splitting
of spectral lines in the elactnu; S

field.
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1930 Charles Edouard Guillaume

1032

1023

1924

1925

1046

1927

1028

1030

1031
1932
1033

1934

1085
1936

1937

1038

Albert Eim_rtei'n
Niels Bohr
‘Robert Andrews Millikan

Manne Biegbnhn

-James Franck

Gﬁ:tmr_ Herts
Jean Perrin

Arthur H. Compton

Charles T. R.'_Wiison '
Sil".':O'_meq W:!hsmu I-ﬁ‘_éhntjdmn |

Louis-Victor de Broglie

- 8ir Chandrasekhara Raman |

- {No award) |

(Noaward)
. James Chadwick

Werner Heisenberg
Paul Adrien Maurice Dirac
Erwin Eéhrﬁdinger : '

~ Victor Hess

- Carl David Anderson
Clinton Joseph Davisson |

1939

- 1940~
1p42

1943 :

1044

1945

1048

1047

1048

1949
1950

EB5Y

1952

1953_'

~ (No awards)
Otio Stern

George P. Thomson
Enrico Fermi '

E. 0. uwmnw

Isidor Isaac Rabi

 Wolfgang Pauli

Cecil Frank Powell

'Percy Williams Bridgman

Sir Edward A ppieton

'P;ﬁﬁﬁ_ék'M nmrﬂ S_t!:nr_{_ Bfiéiatt_. .'

Hideki Yukaws

Sir John Douglas 'Cﬁﬁ&rsmfﬁ. i
Ernest Thomaa Sinton Walton
. Faward Mills Purcell

195¢  Max Born

. 1903-

- 1897-

1888

1861-1938

18701055

1886
1882-1964

1887 B
18701942

 1892-1962

'1869-1959

-j;i&:a-issg _

1892

. 1888~

1901~
1902-

. 1887-1961-

. 1'39'[_'__. Lok

1883-1964
1905

. 1881-1958

1892

19011986

- 1001-1958

. 1808~
- 1900-1958

1882-1961

1892~
1897

1907

1803

1912~

APPENDIX X

Swiss

Germean

" Danish

U.8.

Swedish

German

 German

F?anch

~ U. 8.

‘English

English

Fmﬁch _

Indian

- German
English
Austrian

English
- Austrian

U. s.
U. 8

-Engliﬁh |
~ Italian

U.8.

U. 8.¢

- U. 8.
~ Austrian

- English

! English

Japanese

~ English
 English
Irish.
AR
cre U8
‘Dutch

 Englishd

Discovery of the anomalies of

. about mesons.
Transmutstion of atomic anucle;

Measure of magnetic
_ atomic nuclei.
Invention of phase

nickel-steel alloys,
Discovery of the law of the photo-
- electric effect.
Study of structure and radiations
of atoms. ' |

- Work on alemﬁnmy electrio

charge and the

effect. |
Discoveries in the area of Xray
-8pectra.

Photoelectric

Laws governing t:ﬁih'aion' Bﬁiﬂen

electron and atom.

- Discovery of the equilibrium uf

sedimentation. L
Discovery of the scattering of

X-rays by charged particles
Invention of the cloud chamber,
‘8 device to make visible the

paths of charged particles.
Discovery of the law known by

" his name (the dependency of

~_ the emission of electrons on

temperature). :
Wave nature of electrons,
Work on the acattering of light
and discovery of the effect.

-~ known by his name, :

Creation of quantum mechanics.

Discovery of new _'farﬂla-'fn_l'm | Qf

Discovery of the neutron,
 Discovery of cosmic radiation.

Discovery of the positron,

Discovery of diffraction of olec-

- trons by crystals.

< Artificial radioactive elements

from neutron irradiation.
Invention of the cyclotron. B

. Work with -.;-_mﬁ-!eculsr beams and

~magnetic moment of proton.
Nuclear magnetic resonance.
Discovery. of quantum exclusion

High-pressure phynim.

_Upper atmosphere physicsa and

discovery of Appleton layer.

Disgoveries in cosmiec radistion

and nuclear physics,
Frediction of existence af meson.
Photographic method of studying
Auclear processes: discoveries

by artificiaily accelerated

Atomic particles. i

| fields in
contrast

micrescopy. m |

Work in quantum mechanics and
statistical interpratltipn_ of
wave function.
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1955

- 1956 -

1957
- 1958

1059

1860

1961 -

1962

1963

1964

1965

NOBEL PRIZE WINNERS IN PHYSICS - 57
Walther Bothe 1801-1957 German  Analysis of cosmic radiation using
' e (e AL the coincidence method.,
‘Willis E. Lamb, Jr. 1913 U. 8.  Fine structure of hydrogen.
Polykarp Kusch 1811- - U. 8. - Magnetic moment of electron.
John Bardeen 1908~ U. 8. Invention and development of
Walter H. Brattain 1902~ U. 8. transistor. | |
William B. Shockley 1910~ U. B.e _ |
Chen Ning Yang 1922~ Chinesed  Non-conservation of parity and
Tsung Dao Lee . 1926— Chinesed work ia elamenta.ry particie
N | | theory.
Pavel A. Cerenkov 1004 Russian Discovery and interpretation of
Ilya M. Frank 1908~ Russian Cerenkov effect of radiation by
Igor Y. Tamm 1805~ Russian fast charged particles in matter.
Owen Chamberlain 1920 = B, Diacovery of the antiproton.
Emilio Gino Segré 1905 U. 8. E
Donald A. Glaser 1926~ - U. 8. Invention of hubbia chamber.
"Rubart L. Hofstadter 1015- U.8  Electromagnetic structure of nu-
' | ~ cleons from h:gh-enargy elec-
| Til : _ tron scattering. |
Rudolf L. Méssbauer 1629 German Dmcnvery of recoilless rmmnca |
| ‘absorption of gamma rn.ys in
0 | = nuclei.
Len D. Landau 1908 Russian Theory of condensed mntter'
' phenomena of superfluidity and
| | - superconductivity. |
Eugene B. Wigner 1902~ - U. 8.t Contributions to theoretical
. | atomic-and nuclear physics.
'~ Maria Goeppert-Mayer 1906~ U. S.s Shell model theory and magic
- J. H. D. Jensen 1907~ - German numbers for the atomic nucleus.
~ C. H. Townes 1915 U. 8. Invention of the maser and theory
 Nikolai Basov . 1922- - Russian of coherent atomic radutlun.
“Aleksandr Pmkhﬂrav - 1916~  Russian - 5 = o
- Richard Feynmsan 1818 U. 8. 'Devalnpmant of qulntum almstm- ;
~Julian Schwinger = 1018 o U8, dyntmml - o)
"Shm-lﬂhlrn Tumnnag& 1906 ~ Japanese 4

T

b Born in Germany; naturalized British citisen.
¢ Born in England; naturalized U. 8. citizen.
d Both have permanent U. 8. resident status,

* Born in Italy; naturalized U, 8. citizen,

' Born in Hungary; naturalized U. 8. citisen.
¢ Born in Germany; naturalized U. 8. citisen.

* See Nﬁbd;.TM _._M an und His Prizes, by Schiick et al., Ehviar, N. Y.



~ Much of the literature of physics is written, and continues to be written, in the
Gaussian system of units. In electromagnetism many equations have slightly
different, forms depending on whether it is intended, as in this book, that mks
variables be used or that Gaussian variables be used. Eq uations in this book can
be casi in Gaussian form by replacing the symbols listed below under “rationalized

e T R G M, 5 v

becomes L 2. (ﬁ‘;;f) (i H + "M) -
L e c* ] \4r -

B R e B

in G.ﬁuss_ian form. Symbols used Hl this book that are not Iism{i-bélaw:':rémai__n '

unchanged. The q&mntity ¢ is the speéd-:of light.

-' Quantit.y' - . o 'Ratimalized mks --Gausgiau: o

[ Y T iy i, —

1/4r

Permittiﬁﬁy'mnsta"nt s i .
| ~ 4r/c?

€o
Permeability constant Mo et
Electric displacement D D/4x
Magnetic induction b s R B Bfe
Magnetlc flux 2 L . Py by / s
Magnetic field strength H | cH/4wr

Magnetization M M
Magnetic dipole moment 11 op

58



'T’HE GAUSSIAN SYSTEM m‘-" UNITS _ EQ

In addition to casting the equations in the proper form lt 18 of cmlrse necessary
to use a consistent set of units in those equations. Below we list some equivalent
quantities in mks and Gaussian units. This table can be used to tramfﬂrm units

from one system to the other.

Quantity Symbol Mks system ‘(3aussian system
Length ! 1 meter - 10*em
Mass W tkg’ 10 gm
Time g 1 see 1 sec -
Force F  1newton 108 dynes “
Work or Energy W, E. Lijoule. = :_'107 ergs o
- Power PO watt o 10 erga/sm
""'_Ch_arge T e c{}.u'lomb | i3 1P atatcmll
- Current i 1 ampere 3 X 10° statamp
Electric field strength E 1 volt/meter  # X 104 statvolt/a::m
Electric potential V. -~ tvelt . 3t3 st.atvolt. .
Electric polarization P 1 coul/meter? 3 4 105 Etatwul/{:m‘ |
Flectric displacement D ‘1 coul/meter® 0 A >< 10B sta,tvolt/cm
~ Resistance R -1eohm 4 x 101 sec em™!
~ Capacitance - 1 farad 99X 10''em : -
~ Magneticflux ~ ®p {weber .. . -ff.iOB ma.xvml}a -
"‘Magnetlc mductmn B ltesla = 1 weber/ 184 gauss i
:"M'a;g-nemc :ﬁeld_. strength H 1 amp-turn/meter -_-.411' )( 1{}“"’ ﬁerated
 Magnetization M 1 weber/meter? 1 /41:- o 194 gauss
.Ir’idu’ctﬁnee-' I | '5& X 10"“ -

1 henry

S —— .._..........-.-..—-'. sl e A o -k st

i

.

Al fa{:tors of 3 n the above table, apart from emonent.s fghrmld be r{*placed by
- {2.997925 + 0.000003) for accurate work; this arises from the nnmencal value of

the speed of light. For example the mks unit of capacitance (= 1 farﬂ.c!} is actu-
ally 8.98758 X 10!! ¢cm rather than 9 (= 3%) X 10! em as hqt?d above. This
example also shows that not only units but also the dzmemmng of pbymml quan-
tities may differ between the two systems. In the mks system (see Appendix F)
~ the dimensions of capacitance are ML~ 27202 in the Gaussmn aystem %hﬁy are

- simply L, the Gaussian standard unit of capacitance being 1 em.

The studen should consult Classical Electromagnetism, p. 5. 611, by J.D. Jackson
(John Wiley and Sons, 1962) for a fuller {reatment of units and dimensions.
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~ Chapter 26

1. 0.12 amp. . :!::24 )( 10 mul | |
5. 50 X 10° cuul - o 7 (a) Q ==%~——2\/'q, i
| . - - (o ne. -
9 (@) 5.7 S aax 10*5 coul 1.2 >< m*ﬁ coul.
~(b) no, o ‘ | e |
L. (o) 660 tons. | e s e
_ _..'_n‘ (b) Al(}ng the body dlag(}nal | 15. (@) 6.3 X 10",

. (b) 7.3 X 1071
17. (a) 510 nt | |
by 7.7 X 1023 metera/leo

Chuplor 27 |
s. 56)(10""“(3011! - | e
9. (a) The larger charge produm-s 3 ﬁe]d ﬂf 13 X 10‘ nt/cﬂul at the site nf thp qmallf
~ the sthaller charge pr{}ducea 8 ﬁeld of 5 3 X 10‘ nt/coul at the mte {}f thp larg&r
(b 1.1 X 102 nt, repulsive. |
11. E lies in the median plane and pomt.s radially away frﬁm the charge axla -

13 1.0 X 10° nt/wul pointing up. | - |
17. kB = q,f’Sw;sga pomtmg along the axis of 5ymmetry and away fmm the h(‘ﬁﬂﬂph?

| 7 qr = | .
21. (a)_ E = r . o 25, (a) 1.5 X 10 nt/mul o
. 5 o tal . (b)) 24 X 107 at(up),
b) E = —— Ll q:)“ . (o 16x10 %At |
. gt o (D 1L 10“’
_27; (a)?lcm,' | ' | o
. ) 28 X 10
0] 19y,
AR 8 - -
29, —— = — ——  where [ 18 thp dmtanm between the chargea wes '
dz _ 'ns{;la - e

i. 1._.64 % 10~ coul. -



 ANSWERS TO ODD-NUMBERED PROBLEMS

Chapter 28 _ | _
1. »K%E (an expected I‘f’ﬂult). D 3. EA cosé. o
7. (a) 4.0 ><Z 10'i nt/mul _ e 9. (a) E = o/e, to the left,
ff.:) E = L o =0
i ' | (c) E = a/¢, to the right.
5. 49 X 1_0“’.“ coul. _ | - .13. 0.44 mm.

50, ({i) E -t (radially inward), whﬁré lis the length of the cylinders,

2weplr
(b) ~q on inner surface and —q on outer surface,

o Eel nalbilv et
SEeplY > LA Al

21. 25 X 10 % coul/meter’. ~ ~ ' 23.19X10°nt,

25. (a) 1.1 nt-meters?/coul.

2.9 X 10” meters/sec?.

(b 93 }(_'._1'0""__‘"’_{:0111;.
Chopter29

8

5.

0.89 mm. | | 3. 900 H}itﬂ
(a) Between the charges a distance of 25 cem from +q and ﬂlltﬂl(i? the charges a

~ distance of 50 em from + q.

31.

35.

(b) Outside the f'harg{*s a dlﬂtance of 140 cin fmm Jf-q

S ¢ d
s pB = 2’3‘6{1 a({t {— d) WErrae
9. 1.9 X 102 coul meter; text value (0. 61 X 102 coul meter) is lﬁwer and (*nrrm't thé
ﬂ.sﬂumptmna madﬁ in thls pmhlem are GVPPHImphﬂPd | '
11. 99 tons. . Ak e 13, —6.4 X 10 jf}ul_é;'
15. (a) -0.12 voit, | | 17. 2900 vultﬁ.
(b) 1.8 X 10 ®nt/coul, radially inward. .
g N . 23 (a) — 180 Vf}”ﬂ | |
= - (b) 42900 volts and ~ 9{){}0 vﬂlts
27. —0.21¢%/epr. f L | |
29. (@) 1.1 X 10Y volts/meter,
(b) 4.6 X 10% volts/meter, assUMIng a nuclear radius of 5 )( 1015 meter.

(a) 26 )-( l(lﬁ vnltﬂ, | - 23. 90 kw

| ({}\} | __3 (o 0 741] e

(a) 3.2 X 1(} 13 joule,
(h) 1.6 X 10718 joule,

- {c) proton.

Chﬂp‘terﬂﬂ | - " | . =
1. (a) g2 = g3 = 4 8 X110t mul,. A 3. 43 uuf.

Vo = 240 ‘V{)ltﬂ
- Va =60 V{}]tﬂ -
(b) qg 2.0 X 10 * coul,
| = 7.7 X 107 coul,
Vg Vs 96 vults

(¢) q2 = gs = zero,

Vg V = Zero.

1132l - ' Ry A

s 73uf - | 21. Miea.
23. Assuming x = 5.4: o

(a) 10* volts/meter, |
(b) +5.0 X 1077 coul, on the positive plate,



ANstRs TO ODD-NUMBERED PROBLEMS - 63

{c) —4.1 X 10 coul, next to the posltwe plate.

25. 0.63 meter?. | 27. 0.11 ]nule/meter’
-31. (a) 1.3 X 107 joule, . 33. 7.0 X 107° coul.
(b) no. ' e | |
35.':'7.01.‘. - - 37.(@) g1 =¢q2 =33 X 1074 coul,

| __ g3 = 4.0 X l()“_‘i coul
_ (b) V1 = 33 volts,
o= Vs = 67 volts,
Vs = 100 volts; |
(¢) Uy =54 X 10 3101113,
Uz = 10.9 X 107 joule,
" Us =20 X 10 ’jcmle '

Chapter 31 -
1. (a) 1200 coul, | | 3. (a) 2.4, iron bemg larger:
(b) 7.5 X 102‘ electrons. (b) no. - =
5. 6.7 X 107° coul /meter?. | 7. 54 ochms.
9. (a) 2.2 X 1077 ohm, | 11. (a) 260°C,
(b) nickel (p = 6.8 X 10" 8ohm -meter). @ (b) yes.

13. 0.39% (o), B 17. 11 ohms.
- 0.00179%, (D), |
- 0.0034% (A). N
19, (@) 4.9 X 10° amp/meter, @ 21. 620 watts.
(b) 8.4 X 1072 volt/meter,
{c) 26 volts, >
(d) 640 watts.
23. (a) 8.7%,
~ (b) smaller.

- Cﬁupm 32

1. 1.1 X 10* joules. ‘3. —0.629,.
7. (a) 990 ohims, 9. Vd V 13 volt.
(b) 9.9 X 104 watt. | |
11. (a) 120 (Jhma _ | 13. (@) R = ir
(b) 7; = 0.05]1 amp, (b) E*/2r.
g = 13 = 0.019 amp,
tq = 0.013 amp.

~17. 38 ohms. - 9. (a) 10 ohms,
e baR R it - ~(b) 14 ohins,
N - (c) 10 ohms.

2!. series:; i == R+ 2r'
2
= parallel p = Y ‘o

(a) Put I, mizghly in the middle of its mngt,, adjust current roughly w:th Rg, maka
fine adjustment with £,
(b) Relativoly large percentage changes in R; cause only small percentage changes in
the resistance of the parallel combination, thus permitting fine ad)ustment The
ratio is 1:21. _ o : "
27, 2.7%. o 29. 4.6 time constants.
3:(a)96xm? .. &

(b) 1.1 X 1078 wat.t.

(c) 2.7 X 1078 watt,

{d) 3.8 X 107 watt.



64 - ANSWERS TO ODD-NUMBERED PROBLEMS

~ Chapter 33

1. (a) East,

- (b) 63 X 101 met.era/aec

~(¢) 3.0 mm. :

3. 7.5 nt, perpendlcular to the wire and to B. |
. See Appendix. R - 7. 3.8 coul.
9. 520 gauss, normal to plane of tracks '

1. 43 X 102 nt—meter Thﬁ torque vector is parallel to tha long slde of the coil and

L

points down. | - |

15. (@) 1.4 X 10~ ~4 meter/&ec i 17. (a) K, = K = %Km
(b) 4.5 X 102 nt (down), (b) Rg = 14 cm.
(c) 2.8 X 104 volt/meter (down), (¢) Ra = 14 em.

(d) 5.7 X 10~¢ volt (top +, bottom —),
(e) same as (b).

19. (a) 2.6 X 10’ meters/sec,
(b) 1.1 X 1077 gec,
(c) 14 Meyv,
(d) 7.0 X 10° volts, -. oy
23. 1.6 X 10~ 8 weber/meter?, horlzontal and at rlght angles to the equatm

25. T =36 X 107°gec, 27. 2.11 X 107% kg or 127 proton masses.
~ p =017 mm, ' | i e
| r=1L5mm, |
29. (a) Increase, — o 31. (a) 8.5 Mev, e
~ (b) decrease. | RN RO 080weber/m&ter b
. (c) 34 Mev, e

(d) 24 mc/sec i
(¢) 34 Mev, 1.6 webers/meter
34 Mev, 12 mc/sec.

3. 14. | | | 38. 3800metera/sec

-

- Cluphl 34
1. 79 X 108 weber/meter’
3. (a) 3.2-X 107" nt, parallel to current;
- (b) 3.2 X 107¢ nt, radially outward 1f v is para]le! to the current
(c) zero. | | | | --
7. 1.0 X 107 weber/meter. Fis
9. B=0 alnng a line parallel to the wire and 4. 0 mm from it. If the curr ent 18 hormontal
_and points toward the observer and the external field pomt.s horizontally from left
to right, the line is directly above the wire. ‘ .

1. 80 X 10°® weber/meter?, up. 13. 3.2 X 1072 nt, wward the long wire.

" 23. (a) 1.0 X 1073 v.vl.reber/im:t,er2 out of figure;
~ (b) 8.0 X 10~* weber/meter?, out of hgure

27. (a) 9.4 X 10 ® weber/meter?,

(0 L8 X 107 nt-meter.

K200 107 doulsF iy v e TR
9. Vu = »°BR%f, s 11. 3.0 X 104 valt.

. tm = 2'BR} /Ry - b o |
13. (a) 3.1 X 102 webcra/aec ' 17 (a) 4.4 X 107 nwtera/aec tothe rlght 3

~ (5) left to right. . A
_ - (c) 4.4 X 107 meters/sec?, to the left.



~ ANSWERS TO ODD-NUMBERED PROBLEMS 65

1. Let t.he mrrent charge at 10 am;)/ﬂec 7,10 X 10""7 weber
9. 12 sec. _ 18. 27 amp/sec.
18. (@) 10 amp, : -1-7_,_0 63 )oule/metor‘
(b) 100 joules. | __ T
21. (a) 2.5 X 1078 joule/meter, _23. 1 5 >< 10" volt/meter

(b) 14 X 107° joule/meter,
(c) 0.8 X 10"““ ]oule/meter

Chuphr 37 s, e b
1. (@) 5.0 X 10’ amp, - © 3. (@) 1.4 X 10" volts/meter,
(b) yes, | e ot _--(b) 28 X 10‘“‘ weber/meter’. |
(c) no. St _
5. (a) 7.6 smp meter?, _ i . ._7 5 X 10~ weber/meter’ |

(b) 11 nt-meter.
11. (@) 1.8 webers/meter?,
~ (b) 6.5 X 1072 joule.

. 600 710, 1100, and 1300 cycles/aec.- | 13. (a) 35 cyclen/aec
(b) 38 or 33 cycles/aec '

18. == ——— s | 19, 14 =™ .rri...._... 1'<RIr
aglapgicy 970 Ly o R e A | = ( : B

e S -enrR’}T ¥ (f > R)

21. (a) 1.4 X 10 vﬁlt.s’fmeter?-aec, e
() 9.9 X 10~° weber/meter?.

Chuphrﬂ s | | T
3. 4.9 cm, 5.2 X 108 metem/aac il 9. 18 cm, 12 cm.
(= 1.7¢). - L e
18. (a) a’EB/py _ .
for faces parallel to :ry-plane zero for othem,
(b)) zero.
15 1000 w)lt,a/meter
| 34 X 10~ *uln.\'e,hoer/Irn?!t,c&ar2

Chapler 40
- 1. {a) 5100 A a.nd 6100 A |
(b) 5.5 X 10 cycles/sec and 1. 8 X 10~18 gec

3. Frag = 6.0 X 10° nt, iy 7 1 3 )( 10~7 nt/meter®.

Fer = 3.6 X 10?2 nt. ik LA i B
11. 0.13. St e 13. (b) 7.3 (cycleS/aec)/(miles/huur).
15. 3.8 X 102 A. 17, Yellow-orange. |

Chapter 41 ' S - .
3. 205X10°meterﬂ/sec el e 5. 1.56.
18. (b) 0.17. - e o
19. Cover the cnnter of each face mth a czrcle of radms 0 33 cm. The fract.ton covered
18035, ' S

iy

'Chcpmn | | :
1. (a) 7, | | | ~ 3.40 cm.
i) B
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6. Altemate vertical columns: | - 7. Object at center of curvature.
~(a) +, +40, ~20, 42, no, yes; s Naihs Ba el = |
(c) concave, 440, 460, —2, yes, no;
(¢) convex, —20, 420, 4-0.5, no, yes;
@ -2, —, —, +5 +030 no, yes. h 5
_ 9 424c7m i 2 E o 10. Alt-emate vertical cﬁlumna
¥ ' | | (@) —18, no; 5
(c) +71, yes;
~(e) 430, no;
s | i . - (g) —26, no.
11, Alternate vertical columns | iy
' (ﬁ)+,XX+20X —1, yes, no;
(¢) convﬁrgmg, +, X, X, —10, X, no, yes:
(e) converging, 430, «-15 4-1.5, no, yes;
(9) diverging, —120, —9.2, +0.92, no, yes:
~ (2) converging, +3.3, X, X, +5, X, —, no
17. 45cm, 9.0 cm.

— 2
9. Ammlng the light is incident from the left, a diat.ame of - bk )2
~ the right edge of the sphere. PR e - n —~ )
- 21. (@) R’ is negative and R” is positive,

— 2r
(b) 1 -n+i-l

(c) virtual and ﬁrect

23. (a) Coincides in location with ongmal object and is enlarged 5.0 times,
-{c) virtual and inverted. -

to the rlght of

Chapler 43 G

1. Slit separation must be 0.034 mm. 3. 0.15°.

5. 6.6 X 1072 mm. | b 7.30mm.

9. I--{Q-[1+3coa=('di'"a)]- n..y—1743m(wt+133)
13. 80 million. ' s 1T et
17. 4800 A (blue). | 19. 6700 A.
23. 5880 A. - ' 25, 6057.8021 A.
Chaptor 44

1. 0.17 mm.

&, (ﬂ) Ag o= Zhbj

(b) coincidences occur when mb == 2mﬂ P
8. 797“’ e P At e 7. (a) 52.9°,
g | T (b) 10.2°,
_ | (¢) 5.1°,
9. 9100 meters. | | 11. (a) 0.16 sec of are,

(b)) 7.4 X 10" km,

| (c) 2.2 X 107¢ mm.

M B iiinl ot B et et o e A A8 Muist haved = 4a,

' S e (b) Every fourth fringe is mlaamg

Chapler 45
1. Three complete orders. e - |
5. The intensity would be cﬁncentrated near the twml;wth order for blue and the elewnth
order for red. The orders would overlap to such an extent as to appear almost white.
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7. All wavelengths shorter than 6300 A. -
9. 0° +£10° +21° =432° +45° and £62° o B i
11. 5200 A to 6200 A. 17. (@) 0.0032°/A,
| -- - 0.0077°/A,
0'024“/.&
 (b) 40,000,
80,000,
| - ©120,000.
19. 3600 lines.
21. (@) 4.6 X 102 A, |
(b)) No. The resolution could normally be improved by going to a higher order
diffraction, but in this case m = 3 is the highest order that can exist (assuming

that the light falls on the grating at right angles).
23. (a) 6 X 10* A,

(b) 1.5 X 10* A, |
90,1,2,3,5,6,7,9. The tenthorderisatd = 90°.

25. 33°, 20°, 5.2° (all clockwise); 27. Yes, n = 3 for A = 1.29 A,
14° (counterclockwise). - n = 4 for \ = 0 97 A.
 Chapter 46
1. (@) +55°
(b) +35°.

3. Assuming that a right-handed « wordinate system is used,

(a) circular, counterclockwise us scen facing the source;
(b) elliptical, counterclockwise a:: seen facing the source, major axis of ellipse along

Y=z
(c) plane, along y = —=z.
5. 55°30" to 55°46'. SR 27T X0k g—meter’/aec :
“ 2.1 hr.
Chapter 47

. 484 . 3. 6.2 X 10 photons/sec.

7. 59 X 1078 ev. 9. (a) 2.0 ev,
(b) zero,
(c) 2.0 volts,
(d) 3000 A.

11. 100 years. | 17. (@) 1,
| (b) 5.3 X 10~ meter,
(¢) 1.1 X 1073 joule-sec,
(d) 2.0 X 107% kg-meter/sec,
() 4.1 X 10" radians/sec,
(f) 2.2 x 108 metem/aec,
(g) 82X 107 %n
(k) 9.0 X 10%2 met.em/aec’ :
(1) +13.6 ev,
(5) —27.2 ev,
_ (k) —13.6 ev.
19. 40.21 ev. ¢ 21. 2.6 ev. |
25. +54 ev, assuming the elmtron to be in its ground state initially.
27. (@) 2.6 X 10712 meter,
(b) 2800 ev,
(¢) 4.4 A.



68 ~ ANSWERS TO ODD-NUMBERED PROBLEMS

| ! (a) 17)(10“‘"‘meter -
3. (a) 3.3 X 10~ kg-meter/sec, for ea.ch
(0) 38 ev for the electron and 6200 ev for the photon.

8. {(a) ngher orders cannﬁt emat for this accelerating potentml and fm' these planes.
~ (b) 59°; the crystal muat. be rotated with reapect t.o the incident beam to satisfy

~ Bragg's law for this new wavelength |
S ABAS _ 9. (a) 0.20,
e - : (b) 0.40,
{c) 0.33,
st Bl o G et ST
11, 0.32. o hoane s e e Is 65 )( 10 o kg—mater/sec



Answers to Odd- Numbered
' Supplementary Problems

- Chﬂﬂiﬁf 26 e s (a) 1.0 X 1078 eeul from small t,o
: Pamb T a e T ~ large sphere;
| "'3‘11 lemted 2 from +q e (b) small sphere: 2 -)(-_10"__'1": ceui,
| e T TR e R
3 +1.0 X 10"‘ coul, ?3 0 X IO““‘“"'  large sphere: 4 X.107® coul,
eoul. s L e 3000 volts. “ :

5. 161><10*9meter s e e [1 1]

—__ NN el L

i W=+
Cltapter 27 | e T Bﬂso

e qQ
z : ; 1].:- : .
N | (a).‘irenK

_ e (m\[;
3. ——— vertically downward. 5 i v Wi
B T N vt b i e (" 5 L).
) L
| - ey _ . dxeo y(y + Ly
Chapter 23 e | 3 _ '(c). Zero.

1. +3.54 X 10~¢ ool | | | i
3. 1.98 X 10" meters/sec. Chﬂpter.@

Q ' B i e le'z-l-ClCl

5 & Zra. | iy ' o ClC"z"‘l—(’lCa“}-CzCs _:°_.__

S

T

4weg

sl

| ol EE AN 5 = po |
Chapter 29 - il ' S q = . : Cng

1. 12 X 10~ coul/meter®>. ~ ~_ CiCa+CiCs + C.-.C.

CV.Q. '
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7- (a) lﬁm farad
- (b) 13.8¢ farad _
(c) 120040 ceul 1200¢o eeul
(d) 104 volts/meter |
(e) 2.1 X 10® vﬁlte/meter
N 88 volts -
{g) 19 )( lO’m Joulee B

Chnpier 31

1. (a) 23 % 10*’ -
- (b) 5.0 x 103
(e) 107 volts.
5. (ﬂ) PA = 10 0hm-meter, pﬂ
.06 ehm meter, -

(b) A =10 velt/meter EB = 50

volt.e/meter i e
(c) JA HJB = 10 amp/meter

g _T = 130“0 _

. Chapter 32

" 1.R = rl — rg

3. (a) r, '
() R

_' 5 (a) '1'7'5'3
e (b) {-R

(o) §R.

7 (@) 85ﬂehm
~ (b) 85.0 ohm. S

9 (a) 1.0 X 10— 'eeul
(b) 1.0 X 10~ 3amp, &
(c) Vo = VR lGOOe“'“ ve!ta
(d) e~ * waltt. |

Cha pter 33

1. 1 is peeitwely eharged 2 is neutral

and 3 is negatively charged.
3. 2.7 X 10~* weber/meter?.
3. (a) 542 ehme series,

(b) 2.52 ohms, paraliel.
1. (a) 2.8 Mc/sec,

(b) 0.34 meter.

Chapter 34

3‘\/,5;.:0!

iy teeafd center of equare

3. zere

p B2 -1- il , into p
* 2 \®; ~ &) into page

pot i
9'- T P ;
(a) o R (1 + r)’ out ef_ page.

i 3 (a)

= (b)

il Chapter 36

. Chapter 37

5. {(a) 6.3 -X 102

\

]
(b) -*ﬂ-— \/I + x? eut ef page at an
2x R |

_ angle of 18“ w:th page

. '_ Chapter 35

ﬁut!‘?‘zﬁz

3;10#??'2!? |

2R2N > | o

(c) In the eﬂ.me eenee a8 the current.
o _’ 111 the lerger loep e

- i3 _ -
5 (ﬂ) q = "E' [‘1'3(52) - ‘33(51)], .

(b) Ne B ﬁeld eould etlll have:..'-_._'
: ehanged between tland {9 lnduc- .
mg eurrenta £ 2

3 (a) 11. e 3 3 3“113; "!a'?'. 33emP; :

(c) -t.::-- = ;.f "i l 8 3.1"11;::1r 5
(d) :1'=_.(}, 12 =0, D

5 (a) meter, (b) weber (c) wat,t
(d) c'mlemb (e} ehm e

er : -
_1. _-—?: in dlreetmn {)f u

| . B
3' (a) (N- + 1)1,
o | =

(b) 744 X 1010 rad/eec ?59 }( lOIe |
= rad/eee | , | '
5 2‘) amp.

Chapter 33 "

1. fet Ty he the ;:}eﬁed ef mdueter and
200 uf capacitor and T’ the period of
mductor and 100 uf capacitor. Then:
(a) close Si, wait T1/4; (b) quickly
close S; then open Si: (¢) wmt Tg/4

~ and then epen S; |

Chaﬁ_pter 39
2rep
1. -
G Ty

uoIn (b/a)
2n

(0)

volt /meter,
(b) 2.1 X 10719 weber/meter?,
(c) 1.3 X _1.0“ watts.
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7. (a) B = #WRW

(b)) E = }FMR’
(c) S o *-é-a'th

(d) ’I‘hey are both mw’R‘lwa

| Chapter 40

1. {a) 1.0 X 1()a cycleﬂ/sec, e
%) 1.0 X 10“ WEbBr/metPrz Y
- (¢) 2.1 meter™!, 6.3 X 103 rad/sec
(d) 120 watt.s/meter =

meter

- 3.“ (b) About 6 X 10~7 meter (com-
" parable with the wavelength of _'

- hght).
(c) No.
 Chapter 41
1. 1.95 X 10® meters/sec.
. 3 180 em.

(a) \/1 +m i

- 'Chnpter 42

1. 6. _
-- 5..(b) No

He) Rays'p.a.a.s undeviated thmugh |

ayat.em

(e) 4.0 X 10"-’lr A nt, 4.0 X 10*7 m,/.. 3. T

o .__'(‘h'n"liter 45
3. (a) 5860 A.

£ (c) ﬂ'gi-—lu"'

~ Chapter 43

1. .072 mm.

- 3. 8 microns.

i 9, 1' 89 micrbns.' 5
| ':Chapter 44- _
- -:""_ 1. (a) The dmpleta act as diffracting

absta.cieﬂ pruducmg the observed

- rng.
- (b) .20 _mm

(b) Since the four.th maximum 18
~ missing, the slit width must lie

 between 1.00 and 1.69 microns.

5 {(a) One line t_o_gp.ch side ﬁf_ the cen-

- tral maximum. -~
(b) 1.44 X 107 %rad.

R,_

e Chapter 46
. G _;_:1,,;:*67% polanzed ‘33% unpolar:zed
3. Bide A4 has the Polaroid, and the

i .- ~ Polaroid axis must be at 45° to the
“principal axes of the quarter-mave

A 'plate






Index

_"Aberratmns for lenses 1061 e

~ for mirrors, 1048 _
Abﬁﬂrption spec trum 118*1; L

Acoustic cavity, 954, 977, 10{)5 . 't ol

~ Action-at-a-distance, {J{)d 652

Addltii}l‘l af ae!(}mtma, 1(}{)(1

Airy, Sir George, 852, MIZ

- Allen, A 3 831 -

&Iphﬁ-—emhhmn ﬁ}8

 Alpha-particle, 700
Alternating current generator, 3‘}5

Ammeter, 800 :

Ampere, 652

- Ampere, A. M., 844, 853

- Amperian wrrent Y36

"'Amperesl&w ?344 84? 857, 911, ‘Mh:-

i~ibl ‘)HE
Amphtude grﬂ.tmgj 11 }7 |
~Analyzer, 11! ol
- Andrade, l* N, ?(l{} ?\‘}E
Angstrom, 994 ~

. Angular Iimmeﬁtum i}f {fl%tmns {;}{;

1193, 1204
i}f light, 1167
~ Anisotropic, 1155
Annihilation, 660
- Antz&rmmagnctrsm 33{)
Arago, D. F,, 761, mx e
._'Arrmgtan W 1136
 Atomic nu_mbe__r 658

B, see Magnetic induction :"
Ballistic galvanometer, 928

Barkla, C. G,, 1169

- Bees and pﬂiarlzed light, 11697_'

Betatron, 584

Beth, 1 167

B-H curve, 937

Biax:al cryﬁtai 1162
Binding energy, 1195
Bm&wbavart Iaw 85*}

-Hzrefrmgmf L llﬁb

Birge, 1. T, HHW

- Bloeh, V., H!

Bimﬂ-mbwgen N 931 s
Bohr, N., 1191, 11946, E‘ZI&
Bohr model, 8{3{

Bol, 1102

| Bﬂltmnalm 1., 463

Boltzmann’s constant, Ei?ﬂ |

Born, M., 1208 |

iimdi{ Y .} GUY

Boundary mnditmna 759, 12{}3
for B and H, 937, 942
for E and B, 958 d

| Bragg, W. L., 1142

73

Bragg's law, 1140
Brewster, [)., 1155
Brocklebank, R. W., 904
Bubble chamber, 818




74
- Calcite, 1158, 1159
il apaclmnm 741, 745
~and dielectrie, 748
a.m:i inductance, 900
of {:ylmdm al capacitor, 746
~ of parallel- plate capacitor, 745
~of spherical capacitor, 765
2 (‘apaututwe time constant, 805, 902
.,.apamturs and dielectrics, 741
a8 circuit elements, 802
~ force on plates of, 769
i pﬂ_f&”ﬁl, 747
1n series, 748
~Ca agan, G. H., 1118
~ Cavendish, H.; 650
Cavity, acoustic, Y54
2 eleatrmnagnetm 4963
Cavity radiator, 1174
- CERN accelerator, 834
| '(‘harge and matter, 635
. _.mnservatmn of, 660
e iii'c-ii*(:'u'lai* motion, 829
~in electric field, 675
line of, 674
_qu&ntmutmn Gf ﬁai
- ring of, 673
~ two kinds of, f}48
~ Circuits, 789
‘charge conservation in, 798
~ current in, 792, 793
~ energy mnservatmn in, 792 798

 potential diﬁeren{:e& in, 795
RC, 802

INDEX

Conservation ef energy, In ﬁlrLlIltS 792 |
798
Conservative ft)r{*e 710
Constant- dewatmn prism 1033
Continuous spectra, 1 188
‘onvex mirror, 1041
* Corona discharge, 732
_(;ﬁrresmndeme prmmpi# 1196 |
Coulomb, 652 |
Coulomb, C. A 650 |
Coulomb’s law, 657 1192
Critical angle l(}24 |
Curie, P., 922
Curie t.emperature 926
Curie’s law, 922
Current, 770 _
dlﬁplatﬂmﬁnt 902
induced, 871
~magnetic force on a, 819
measurement of, 800
sense of, 772 | ;.
Current balance, 848 354 |
Current density, 770
Current element, 860
‘Current loop, B fm' 861
torque on, 823 -
Cutoff fn,quenf y, in phﬂtoelectnc eﬁu,t
1180 | . |
in wavegu;de 977
yLl{)tmn 831
resonance in, 83% F o
Cyclotron frequen{,y, SJO
(;ylmdr;ml capﬂ.{:lt{:r ;49

~ Circular aperture d:ﬁrmtmn ﬁ,t leZ'__":

Circular polarization, llbd
Circulating charges, 829
Coaxial cable, 911, 471
currents 1n, 974
energy fow in, O87
fields in, 974
(hblentz 1177
- Coherence, 1074 i
-(«{snipiﬂnultarlty, 1213
Compton, A. H,, 115}
Compton effect, 1184
Compton shift, 1184
Concave mirror, 1041
Conduction electrons, 781, 828
drift speed of, 751
Conductivity, 774
 electrical, 780
thermal, 780
Conductor, 644
ansulated, 730
Conservation of charge, 660

1), 7}3 954 |
l)mnped {}bCIHﬁtmﬂB 950
Davisson, €. J."lEUI
de Broglie, L., 1200, 1‘}04
de Broglie wavvlength, NUI
Debye, P. W., 1186
Pees, B38 . a0
Descartes, R, 1015, 1()2’3 |
Deuteron, 8&1 iy -
Diamagnetism, 9..;3 9‘37
Dichroism, 1159 | :
Dielectric mnstant 749, 75{}
Ihelectrics, 649, 750 |

and capacitors, 748

and Gauss's law, 753
Dielectric strength, '75{}
Diffraction, 1035, ll‘)*i ,

and Huygens’ })I‘il’i(lplt 11)55

and interference, 1115, ll_w___,'_'

~at a circular aperture, 1112 :

~ Fraunhofer, 1101



-._-.:_-'Dtap]arement ele{'trw 758

IN DEX

i'”*"_'I)iﬁractmn Fresne] 1200

_fromaamgiesht 1102 1105 1108 1109
o f{}r sheet of f'harg# 698
m maxml cable, 974
Ll e n wmregu:de 978
~ induction of, 880
= of point charlm 670
- _'_'f'_'j__nf ring of {'hargf'-, _673 e
- 0[ spherical chmgé 695
f'EIectric polarization, 756 -
~ FElectric potential; see Pﬁtenttal plectr:c
~ Electric quadr *pole, 683,721 .
. Flectric vectors, tahle nf 780
~ Electromagnet, 815 e
- -__._"_-.-_l*..lortmmagnetw mv:ty, 955

~ of matter waves, 1211 e
of neutmnﬂ 1202
-'of water waves, 1037
© - XK-ray, 1123,.1134 - .
D:ﬂ'mctmn grating, 1123, 1128
- Dipole, electric, see Electric dlpﬂle
~_magnetie, see Magnetic d:pole
Dipole antenna, 980
Dipole-dipole mteractlon 042
Dispersion, 1133

__Displacement current, 962
'"I)lstr;butnd elements ’%4
in acousties, 955

i electmmagnet:qm fJ56
Dominant mode, 977
Domains, 929, ‘H()
~ Doppler, J., 1006
Doppler effect, 1006
- for llght 1007 "
~ for sound 10-06
]')ﬂuble refractmn 1155
 Double slit, 1104, 1115 e
ant speed of eleetmns 7:‘1 781
| 'Dnsm]l R. L., 821 o
I)uahty, of hght 1183
_of matter, 1200

" wave—pmtmle 1203
- Du Mnnd J 1189

E 399 F !eetrzc ﬁeld.
Eddy currents, 891

Ematem A, 1(}04 10‘}2 1094 HGO 1179
S 1182 ]184 |

< El@‘ctret Q38

- Electric dipole, altematmg, 720 1148
o 1167 |
| :__energy ef 679
.'-_ﬁeld due to, 681, 684, 724
- in dielectrics, 750
: '_.-:imduced 72(} 751, 757 .
A nonumfarm ﬁeld 684
-_.--_potential due to, 718 -
0 properties of, 864 -
~ torque on, 85 -
- water molecule as, 819
~ Electric dlsplacement 758 934
Electrlc field, 708, 712
~ and pﬁtentml 724
- definition of, S17

~ energy of 760 912
- flux of, 686 -

fﬁr a conduetﬂr 6‘% : x?ljw

Fle{:tnc ﬁeld for d;pole 671 728
_ fnr lme of charge 674 698 849

em'-rgv ﬂnw m 083

s - Bleptromagn etm osclllatmna 943

~ energy in, ()50 .
forced, 952 Lo
quant:tatwe 948 5
resonance in, ‘352

__ j. F]e{*tmmagnetlc 3h1f~ldmg, 892
"_'-"__E:'__‘F!ectrﬁmagnet:e spectrum 993
o .Electmmagnet ic waves, 971 982 988

1002

e :"Electmmotwe fﬂ]‘i"? 789

gravntatmnal analﬂg {}f 79{]
mduce& Srl 899 '

~ FElectron, 655

angular momentum af 916

 ¢/m for, 835

{ree, 649

mﬂment Of 917 92)
'_ Eﬁeetrﬂn mwmacﬂpe 1115
~ Electron volt, 833 '
Ay Tle{*trﬁstatm fﬂree, 711
- Electrostatic gem*rator 733 734
 Elsasser, W., 1201
 Emissivity, T .
- kinergy, and Poy ntmg veetar, 986 '

in mpﬂ,mter 760

~ in circuits, 783

in electrle ﬁeld 760 790
in elevtrﬁmagnetw cawty, 986
in LC asmllatmna, 943 948

in magnetic field, ""90 907
_in resonant syﬂtems %5 956

- quantization of, 1178

Energy level dmgram 11‘-}4

Eqmpotentlal aurf&ce 710 727. :

o Fssen 1002

Ether, 1003
Fuechd, l()i'i
Exchange mupimg, 92@ ﬂ'ﬂ



- n O

Exmdmg umverﬂe, 1099 s i '._.Glancmg angle 114ﬁ :_ '
- Extraordinary ray, _115& e o Goudamit, 8 A 84.3

: Eyﬁ senﬂitwlt}r, 994 e e """"""_“."Gmtmﬂ;, 1123 1128
3 _Fa.rad&y, M 647 743 743 351 8&2 87(} Grawtat!onal ﬁeld 663 665
871, 923 Subabaiis WG :_Grawtatmnal force, 711 gl
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