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UNIVERSITY OF CALIFORNIA . UCRL 1888
Radiation Laboratory
Berkeley, California

ELECTRICAL ENGINEERING REVIEW COURSE
LECTURE VIII
April 21, 1952
E, Martinelli

(Notes by: J. Leppard, H.-Perl)

I. VAGNETIC FIELDS

A. Electrostatic Case
'Coulqmb's'Law which is given for the electrostatic case can be stated
thussy 5 '
F=fe e /r in which T is in dynes, r in centimeters,

£ = 1 (dimensionless) g gives the value of the charge e, in electro-
static units (ESU). :

B. Magnetic Case

The magnetic case has an equivalent which was first determined experi-
mentally by Ampere. Given two closed loops of wire of length.£ .

- 4
then dF = € ij i, [:?.21 x (d,ez =) |
, 7-——;5—- : ' |

Using electromagnetic units (EMU)
i is measured in ab amperes = 10 amperes.
'r is measured in centimeters.

C = 1 (dimensionless).
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d?is in dynes
Using MKS units
??is measured in Newtons
1 is measured in ampéres
/-é_is measured in meters

C = (A= permeabllwty of free space)
4‘1T

LT x 10~7 Henries/meter = volt sec/amp,

The felationship of these two systems of units is:
1 EMU of current = 3 x lO;O ESU charge/sec,

An expression for the magnetic field due.to an infinitesimai current is:
Eg—lzd zxr/r then d‘?—,nl dﬁl x‘ag

Integrating yields an 1ntegral formula for calculatlngi?

-.?fldlnv

As shown, this formula gives an answer in EMU units. For MKS units in-
sert. the constant :

0
4T
The units of magnetic field are:
MKS = Webers /meter=
EMU = Gauss
and 1 Weber = volt second
1 Gauss = 1074 Webers/m2

IT.  MAGNET DESIGN

In the design of a small magne+ with a small eap, analogous cases can be
formulated using a more familiar group of functions,

Con31der a loop of copper wire about a dielectric (Flgo 1) with an impresg-
sed voltage potential V; and V2 as compared with a small electro-magnet (Fig. 2).
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V2
/a2 G 2
CURRENT _ JAGNETIC INDUCTION

(assuming the divergence of the
current in the conductor = 0)

Expressed thus:

V-iso

then

f’i\vd,2=EMF
o

(differential form of Ohm's Law)

AA ' |
I= i n ds (total current through
conductor)

R=E/T

Y :1?;=C
then’ ' :
. /?&2 = mTI(tot'al
A "= current)
assuming _
uP-7
LTI = M

is equivalent to conductivity)

NJ?.qu

Rt =L (R' = reluctance)
5 = T
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Having defined the term reluctance (R'), consider an electro-magnet and its
air gap of lengthl_.w1th cross sectional area A (Fig. 3)

R! Gap = L Gap (Neglect Fringe
A Gap Effects)

R! Iron = L Tron -
A Iron‘u'

VG

therefore, for an efficient magnet design:

1 ! .
Riron « Rgap '

congidering the flux'(N) of the gap: -

Ngap gap Agap (1n Gauss)

.IW_L
R'

=AMl n 1A, , when n I is ab ampere turns

gap
ornl-= Bgap Bgap
AT
AP 2 Bygp Logp (L in inches)

B in Gau%s

, -
‘These formulae assume no field outs1de the magnet and that B does not
saturate the iron,
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IIT. MAGNETIC SHIELDING
The problem of magnetie shiélding can be considered as follows:

Assume a uniform magnetic field (Fig. 5)

qsE 2,

caseZ,

ATE, 5

o . - .
caSE 1. (B L to the iron, B is continous).

» Biron = Bair, Hiron = Biron
_ 5 AL
CASE 2. (F Il to the iron). -
HironN= Hair, Biron = A+ Hair o ~

Bair = Hair

From the above cases it is seen that the vertical shielding in Case 2 is
unsatisfactory in that the iron becomes saturated,

Consider again the iron in Cast 1. (Fig. 6)

@ |l %l O -

«<)

A7 G e



-6 - UCRL 1888

N —> : ‘
(a) Hiron ;_ﬁ;ole when hole is ||-to-§:
= Baipﬁ‘ _
= Bnole

A . -
(b) -g = Bpo1e When hole is | toB

. v -
(¢) Bjpes - 2B 128
inside hole | 1roq/4 '

1+1
Therefore, magnetic shielding design criteria should includé the following:
"1, Iron shielding mass largé with respéct to shielded mass.,
2. An aperture in the iron shielding whose greatef dimension is
parallel to the magnetic field., (However, practical geometry

dictates circular or elliptical openings).

3., A liner of additional shielding material can be included within
these apertures,

SYMBOIS

H = magnetic field intensity
.E?= magnetic flui dénsity

i or T = current

lzor L = length

C = constant

f= constaht
M = permeability

R =‘resistance

"R' = reluctance

| —N_= magnetomotive force

A = area

O~ = conductivity .

N = flux (total)

n = turns | |

MMF = magnetomotive force





