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LIGHT/MAGNETIC FIELD (B/C) INTERACTION EXPERIMENT 

r PURPOSE: 

I t I s c o n j e c t u r e d t h a t tho speed o f p r o p a g a t i o n o f l i g h t I s m o d i f i e d 
when pass ing th rough a magne t i c f i e l d . I t i s t h e purpose o f t h i s 
e x p e r i m e n t t o de te rm ine i * such an e f f e c t e x i s t s . The e x p e r i m e n t I s 
t o make use o f e x i s t i n g aopa ra tus I f p o s s i . b l e , w i t h a minimum e x p e n d i ­
t u r e f o r the purchase o f new equ ipmen t . 

METHOD: 

A change In l i g h t v e l o c i t y i s d e t e c t e d as a change in wave l e n g t h o f 
t h e a f f e c t e d l i g h t beam In t h e f o l l o w i n g manner: 

One l i g h t beam o f a Mach-Zender I n t e r f e r o m e t e r i s passed t h r o u g h t h e 
a i r c o r e o f a 15 f o o t long s o l e n o i d , wh i ch deve lops a f l u x d e n s i t y 
o f 2560 gauss . T h i s beam I s t hen combined w i t h t h e r e f e r e n c e beam 
t o form i n t e r f e r e n c e f r i n g e s wh ich are focussed on a m u l t i - c e l l s i I I c o n -
d iode t r a n s d u c e r . The e l e c t r i c a l o u t p u t o f t he c e l l s , and t h e I npu t 
c u r r e n t t o t he s o l e n o i d are s i m u l t a n e o u s l y and c o n t i n u o u s l y r e c o r d e d . 

EQUIPMENT: L i g h t Source 

U n i v e r s i t y L a b o r a t o r i e s I n c . , Hel ium-Neon Gas L a s e r , Model 2 4 0 , I 
Mi I I I w a t t , 6328A. 

Sanborn , Model 53 b a t t e r y pcwered 110 vdc s o u r c e , p r o v i d e s a l t e r n a t e 
power sou rce f o r l a s e r w i t h o u t 60 Hz n o i s e . 

O p t i c a l System 

Three f r o n t s u r f a c e m i r r o r s , a p p r o x i m a t e l y I inch x 1-1/2 Inch 
( s o u r c e and c h a r a c t e r i s t i c s unknown). 

One beam s p l i t t e r , a p p r o x i m a t e l y 2 - 1 / 2 Inch x 3 Inch (Edmund S c i e n ­
t i f i c - ( c h a r a c t e r i s t i c s unknown). 

C o l l i n s M i c r o f l a t C o . , two g r a n i t e s u r f a c e p l a t e s w i t h t h r e e a d j u s t ­
a b l e l e ^ s , 12 Inch x 18 Inch x 3 i n c h ; f o u r g r a n i t e a n g l e p l a t e s , 3 
i n ch x 3 i nch x 4 i n c h , t o o l r o o m g r a d e B. 

Magne t i c F ie Id 

Mag-T ran , Model SA-380 s o l e n o i d . Two c o n c e n t r i c c o i l s , c o n t i n u o u s l y 
wound t o produce a d d i t i v e f l ux . - 15 f t . long x 2 . 8 Inch o u t s i d e d í a . , 
wound on an aluminum a l l o y tube o f I - I I / I 6 Inch o u t s i d e d i a . The w i r e 
Is #3 gauge square magnet w i r e ( .229 i n ) w i t h g l a s s f i l a m e n r I n s u l a t i o n . 

The s o l e n o i d i s con ¡-air.c-d w l t h F n a s t e e l t u b e o f 3 i n c h o u t s i d e d i a . x 
1/4 inch w a l l t h i c k n e s s . Z/Z ¡r.ch t h i c k s t e e l p l a t e s a re b o l t e d t o 

we lded f l a n g e s t o c l o s e the ends i . ' the t u b e . The tube i s s u p p o r t e d 
on 4 i n t e g r a l s tands wi rh i t s c e n t e r ¡ i .m i t 7 V 4 i nch above t h e f l o o r . 

The a i r co re o f t h e s o l e n o i d i s t h e r m a l l y I n s u l a t e u '">>..•. t ho a ' • ""!•"•-•• 
mandre l by two c o n c e n t r i c PVC p l a s t i c t u b e s ( w a t e r p i p e ) .7'<-••» p r o v i d e 
a 1/2 inch d i a . a i r pa th t h r o u g h the c e n t e r o f the s o l e n o i d . 



Power Is suppl ied by a M i l l e r E l e c t r i c Mfg. Model SR-I0000IA, 50 KW 
a t 80,160 o r 320 vdc, var iac con t ro l led . The power supply ls p ro ­
tec ted by a "crow-bar" c i r c u i t cons is t ing o f a IN3289 diode (GE A70B) 
and a 100 MFD-450 WVDC e l e c t r o l y t i c capac i to r In p a r a l l e l across the 
so leno id t e rm ina l s . 

Instrumentat ion 

Current through the so lenoid Is measured across a 1000 amp - 50 mv 
shunt. •» 

The In te r fe rence f r inges are p ro jec ted on a ru led l i n e pa t t e rn of the 
same spacing as the f r i n g e s . The pa t te rn Is ru led w i th black f e l t 
t i p pen on paper vel lum which Is cemented t o a 2 Inch x 3 inch micro­
scope g lass Immediately above the l i g h t sensor. The sensor cons is ts 
of 19 Hoffman 55C s i l i c o n c e l l s (3/16 Inch square) arranged In two 
rows. The c e l l s and l i n e pat terns are arranged such t h a t peak v o l t ­
ages f o r the two rows are phased 180* apar t . Each row o f c e l l s Is 
ser ies w i r e d . Output of the sensor Is read as a vol tage d i f f e r e n t i a l 
between the two rows of c e l l s . 

A Sanborn model 320 dual channel dc amp I i f i e r - r e c o r d e r is used t o 
record the Inputs described above. When the l i g h t source Is operated 

on ac power, a 60 Hz f I t e r (.22 MFD - 5 KÍJ) s used w t h the I gh t 
sensor inpu t . 

See Page 3 fo r schematic of equipment arrangement. 

PROCEDURE: 

Since the amount of an t i c ipa ted f r i nge s h i f t i s an unknown, pre l iminary 
runs were made t o v i s u a l l y observe f r i nge movement and record vol tage 
and cur ren t readings at the so leno id . Peak power observed was 49.02 KW 
(570 a . , 86 v . ) . Fr inge movement was very e r r a t i c but ind icated t h a t 
any e f f e c t ( s i gna l ) would be much less than IX in magnitude. To p ro ­
v ide a q u a n t i t a t i v e p i c t u re of f r i nge movement, the sensor described 
prev ious ly was fabr ica ted from ava i l ab le laboratory surplus p a r t s . In 
con junct ion w i t h the char t recorder, t h i s sensor Is capable o f r e ­
so lv ing **• 2 par ts In I 0 9 . 

The m a j o r i t y of the background noise was due t o a i r temperature v a r i a ­
t i ons ex terna l t o the so leno id . This was caused by the room a i r con­
d i t i o n i n g o u t l e t s immediately above the apparatus. This was cured by 
b lock ing the a i r o u t l e t s and cons t ruc t ing t h e r m a l - i n s u l a t I v e enclosures 
fo r the l i g h t pa th . Add i t iona l noise was int roduced v ia mechanical 
coupl ing wi th the power supply blower. This was e l im ina ted by d i s ­
connecting the blower. 

Subsequent runs using the l i g h t sensor and recorder required add i t i ona l 
noise reduct ion by means of a 60 Hz RC f i l t e r and I s o l a t i o n of the 
so leno id housing from the thermal covers on the op t i ca l system. 

^ 
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FROCEDURES: (Contd) 

The res idual random noise was <X/50 fo r most o f the run:; from if 10 
through the l as t one, #17. X/50 is the d is tance equ iva len t of the 
prev ious ly s ta ted reso lu t ion of * 2 parts in I 0 9 . On the chart record 
of runs #12 and #13 are i l l u s t r a t e d the curve de f l ec t i ons which would 
be an t i c i pa ted i f the maximum f i e l d were t o cause a X/4Û f r i nge s h i f t . 
Comparing these t o the actual recorded curves c l e a r l y shows an absence 
of s igna l at t h i s f i e l d s t r e n g t h . 

Heating of the a i r core of the so leno id dur ing operat ion causes a pre­
d i c t ab l e displacement of f r i nges at the average rate of IX/min. However, 
t h i s poses no problem In s ignal d i sc r im ina t i on i f the f i e l d is appl ied 
and removed r a p i d l y . The l i m i t i n g cyc le time fo r the f i e l d is approx i ­
mately 4 sec. and Is due t o manual operat ion of the va r i ac . The measured 
t ime constant of the c o i l (95?) is ^ .01 sec. 

Flux leakage a t the end p la te j o i n t s of the so leno id housing was checked 
w i th a Be l l Gaussmeter. Readings o f ^ 10 gauss ê 100 a . were taken both 
w i t h and w i thou t a s o f t - s t e e l w i re gasket between end-plate and f lange. 

RESULTS: 

No s igna l of the type an t i c ipa ted was observed w i t h i n the l i m i ' s of 
reso lu t ion of the e x i s t i n g apparatus (X/50 or * 2 par ts in IÛ 9 ) . 

RECOMMENDATIONS: 

When the theory is s u f f i c i e n t l y advanced to be able t o p red i c t the 
e f f e c t w i t h i n a few orders of magnitude, rhe p o s s i b i l i t i e s of e x p e r i ­
mental v e r i f i c a t i o n should be examined again. The fo l low ing improve­
ments to the present apparatus have been i nves t i ga ted . 

Signal A m p l i f i c a t i o n 

An Increase in f lux dens i ty x length can be accomplished inexpensively 
by, 

1. Add i t ion of a second solenoid and second power supply, 
i f ava i lab l e . 

2 . Rec i rcu la t ing the l i g h t beam through the solenoid three 
t imes. 

A comparison of these techniques is shown on Page 5. The second 
method above was t r i e d by modify ing the e x i s t i n g apparatus as 
Indicated on Page 6. To accomodate the three passes of the beam 
through the so leno id , the 2 FVC tubes were removed and rhe apertures 
In the end-plates were Increased in s i z e . The al ignment procedure 
was much more d i f f i c u l t due t o the added m i r ro rs and path length . 
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COMPARISON OF PROPOSED MODIFICATIONS TO LIGHT/MAGNETIC FIELD EXPERIMENT 

(Performance Is Compared To Original Experiment In Percentages) 

MODIFICATION 

A Two I d e n t i c a l So leno ids 
on E x i s t i n g Power Supp ly . 
F iux D i r e c t i o n s Opposing 
Each O t h e r . 

MAG. FIELD 

Gauss-Meters 

16,550 

B Two I d e n t i c a l So leno ids 
On Separate I d e n t i c a l 
Power S u p p l l e s . F lux j 23 ,000 
D i r e c t i o n s Opposing 
Each O the r 

C Sing le So leno i d On 
E x i s t i n g Power Supp ly . 11,500 A c t . 
L i g h t Bc£.m R e c i r c u ­
l a t e d t o 3 Times [ 34,500 E f f . 
E x i s t i n g Path Leng th . ¡ 

D M o d i f i c a t i o n A Plus 
L i g h t Beam R e c i r c u - } 
l a t e d t o 3 Times / Q , , -A c , , 

r . .. 0 . . / 49 ,650 E f f . 
E x i s t i n g PaTh Length ' 

E M o d i f i c a t i o n B, P lus 
L i g h t Beam R e c i r c u ­
l a t e d t o 3 Times 
E x i s t i n g Path Length 

23,000 A c t . 

69,000 E f f . 

Power 
KW 

51 

SIGNAL 

% 

144 

i 

98 200 

1 
49 • 

51 

98 

300 

432 

600 

TEMP. 
NOISE 
(N+)¡É 

MO 

RANDOM 
NOISE 

( N R>* 

100 

M 0 100 

1 
' 

100 

M 0 

M 0 

*250 

^250 

*250 

SIGNAL 

NR 

1.44 

M . 2 

M . 7 
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SCHEMATIC- OF N^ACH-Z-HMDER INTERFEROMETER 

WITH DOUBLE LOOP L IGHT P A T H S . 
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RECOMMENDATIONS (Ccntd.) 

Although t h i s m o d i f i c a t i c n increases the s igna l t h r e e f o l d , random noise 
Is a lso increased, f r i nge br ightness i s reduced by a fac to r of 9 and 
f r i n g e d e f i n i t i o n is degraded. With the e x i s t i n g sensor, s l i g h t l y modi­
f i e d , i t was not poss ib le t o approach the - reso lu t ion p rev ious ly a t t a i n e d . 
This technique requi res a laser of g rea te r i n t ens i t y and coherency than 
was used, In order t o achieve the q u a l i t y o f f r i nge pa t te rn requ i red . 

Improved Resolut ion 

Resolut ion can be improved by developing a more s e n s i t i v e sensing Tech­
nique and using synchronous methods fo r i s o l a t i n g s ignal from background 
no i se . By p ro jec t i ng the f r i nge pat tern on a 1 screen having a l t e r n a t i n g 
r e f l e c t i v e and absorbt ive l ines of the same spacing as the f r i n g e s , the 
e n t i r e cross sect ion o f the l i g h t beam can be used as a f r i nge s h i f t 
i n d i c a t o r . This image of va r i ab le br ightness can be focussed, by means 
of lenses, on a h igh ly s e n s i t i v e , f as t reac t ing l i g h t sensor. A bridge 
c i r c u i t can be used to convert i t s change in res is tance t o a recordable 
s i g n a l . 

H. C. B j o m l ie 
Advanced Concepts 
23 May 1969 
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Fig. I. General Arrangement Of 
Experimental Apparatus. Optical 
Sensor In Lower Right Corner 
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F i g . 2 . L i g h t Source He-Ne 
Gas Laser (6328Â) Wi th 110 v . 
dc B a t t e r y Power Supply 
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! F î g . - 3 . In te r fe rometer , Near End, 
With Cover Ftemoved.- Opt ica l 

> System Is Arranged For Double-
Loop Path. End Plate Of Solenoid 
Is In Upper R ight , In Line With 
Laser Ax i s . 
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Fîg . 4 . In te r fe rometer , Far End, 
With Cover Removed. Opt ical 
System Is Arranged For Double-
Loop Path. 
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F ig . 5. In te r fe rometer , Far End, 
With Complete Housing Removed. 
Opt ical Element At Right Is 
Negative Lens. Solenoid End P la te 
Is A t L e f t . Prot ruding Leads 
At tach To "Crow-Bar" C i r c u i t And 
Power Cables. Thermal Insu la t ing 
Tubes Lie On Floor Behind Solenoid. 
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F ig . 6. Far End Of Solenoid 
Showing "Crew-Bar" C i r c u i t 
And Power Cebles. 
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Fig. 7. Optical Sensor With 
Housing Removed. 
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F ig . 8. In ter ference Fr inges. 
Center Section Shows 5-1/4 Wave 
Lengths, Lower Section (Barely 
V i s i b l e ) Shows 1-3/4 Wave Lengths 


