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LIGHT/fvlAGNETIC FIELD (8/C) INTERACTION EXPERIMENT 

It Is conjectured that the, speed of propagation of light Is modified 
when passing through a mar1netic field, It is the purpo,;e of this 
experiment to determine 1-f such an effect exists. The experiment Is 
to make use of existing aoparatus If possl.ble, with a mi nimum expendi­
ture for the purchase of new equ lpment. 

METHOD: 

A chan_ge in light velocity is detected as a change in Wilve length of 
the affected light beam In the fol I owing manner: 

One I lght beam of ·a fJ.ach-Zen_der interferometer Is passed through the 
. air core of a 15 foot long solenoid, which develops a flux density 
of 2560 gauss. This be~~ Is then canblned with the reference beam 
to forrn interference fringes which are focussed on a mufti-cell sl I lcon­
d I ode transducer. The e I ect rl ca I output of the ce I Is, and the Input 
current to the solenoid are simultaneously and continuously recorded. 

EQUIPMENT: LI gh t Source 

University Laboratories Inc., Helium-Neon Gas Laser, Model 240, 
Ml 11 1watt, 6328A. 

Sanbom, Model 53 battery pc .. ered I 10 vdc source, provides alternate 
power source for I ase r without 60 Hz no I se. 

Optical System 

Three front surface mirrors, approx lmately I inch x 1-1/2 Inch 
(source and characteri stics unknown), • 

One bean splitter, approx imately 2-1/2 Inch x 3 Inch (Edmund Selan­
ti tic - (characteristics ~nknm~n). 

Col fins Mlcroflat Co,, two granite surface plates with three adjust­
able legs, 12 Inch x 18 inch x 3 Inch; four g r anite ang l e plates, 3 
inch x 3 inch x 4 inch, toolrcom grade B. 

Magnetic Field 

• Mag-Tran, Model SA-380 solen o id. Two concentric col ls. continuously 
wound to produce additive fltJx. 15 f-t. long x 2.8 Inch outs ide dia,, 
wound on an aluminum alloy tube of 1-11/16 Inch outsl .de dla. The wire. 
Is #3 gauge square magnet wii-e (.229 in) with glass fllarrent Insulation. 

The solenoid is con ~a l ncrl within a steel tube of 3 Inch outside dla. x 
1/4 Inch wal I thickness. -;; :, i ,,c.?i thick . steel plates are bolted to 
welded flanges to close the ends.._• t hµ, tube, The tube is supported 
on 4 Integral stands wl th I-ts center I;, .·' ,,-r 7 7i/4 inch above the floor. 

The air core of the sol enoid Is thermally insulateu : .-.,,,_: t ho a t •··-: :._,,, 
mandrel by two con centric PVC pl astic tubes (water pipe) .. :- ,,.. --. r rovide 
a 1/2 inch dla. air path through the center of the solenoid. 
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Power Is suppl led by a Ml lier Electric Mfg. Model SR-IOOOOIA, 50 KW 
at 80,160 or 320 vdc, varlac control led. The power supply ls pro­
tected by a "crow-bar" circuit consisting of a IN3289 diode (GE A70B) 
and a 100 MFD-450 WVDC electrolytic capaclt~r In parallel across the 
solenoid tennlnals. 

lnstrumentatl on 

Current through the solenoid Is measured across a 1000 arrp - 50 mv 
shunt. ~ 

The Interference fringes are projected on a ruled llne pattern of the 
SM'le spacing as the fringes. The pattern Is n.,led with black felt 
tip pen on paper vellum which Is cemented to a 2 Inch x 3 Inch micro­
scope glass lnmedlately above the fight sensor. The sensor consists 
of 19 Hoffman 55C sl I Icon cells (3/16 Inch square) arranged In two 
rows. The cells and line patterns are arranged such that peak volt­
ages for the two rows are phased 100•- apart. Each row of cells Is 
series wired. Output of the sensor Is read as a voltage dlfferentlal 
be.tween the two rows of eel Is. 

A Sanborn model 320 dual channel de amp Iffier-recorder Is used to 
record the Inputs described above. When the I lght source Is operated 

on ac power, a 60 Hz tilter <.22. MFD - 51 Kn) Is used with the llght 
sensor Input. 

See Page 3 for schematlc ·of equipment arrangement, 

PROCEDURE: 

Since the amount of anticipated fringe shift Is an unknown, preliminary 
runs were made to visually observe fringe movement and record voltage 
and current readings at the solenoid. Peak power observed was 49.02 KW 
(570 a., 86 v.>. Fringe movement was very erratic but Indicated th.at 
any effect (signal) would be much less than IA In magnitude. _ To pro­
vide a quantitative picture of fringe movement, the sensor described 
previously was fabricated frCtn aval I able laboratory surplus parts. In 
conjunction with the chart recorder, this sensor Is capable of re­
solving "'2 parts In 109. 

The majority of the background noise was due to air temperature varia­
tions external to the solenoid. This was caused by the rcx,m air con­
ditioning outlets invnedlately above the apparatus. This was cured by 
blocking the air outlets and constructing thermal-insulatlve enclosures 
for the light path. Additional noise was Introduced via mechanical 
coupllng with the p0wer supply blower. This was eliminated by dis­
connecting the blower. 

Subsequent runs using the I lght sensor and recorder required additional 
noise reduction by means of a 60 Hz RC fl lter and Isolation of the 
solenoid housing from the thermal covers on the optical system. 
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PROCEDURES: (Contd) 

The residual randan noise was <>../50 for most of t he run:; from #10 
through the last one, #17 . )./50 Is the d.istance equivalent of the .. 
previously stated resolution of"' 2 parts In 109 , On the chart record 
of runs #12 and #13 are i : Iustrated the curve deflectio,s which would 
be anticipated If the max i mum field were to cause a >./4J fringe shift. 
Comparing these to the actual recorded curves clearly shows an absence 
of signal at this field strength. 

Heating of the air cor·e of the solenoid during operation causes a pre- • 
dictable displacement of fringes at the av~rage rate of I)./min. fiowever, 
this poses no problem in signal discrimination if the field is applied 
and removed rapidly. The limiting cycle time for the field is approxi­
mately 4 sec. and !s due to manual .operation of the vari ac. The measured 
time constant of the col I (95%) is"' .01 sec. 

Flux leakage at the end plate joints of the solenoid housing was checked 
with a Bell Gaussmeter. Readings of"' 10 gauss@ 100 a. 1~ere taken both 
with and without a soft-steel wire gasket between end-plate and flange. 

RESULTS: 

'> 
No signal of the type anticipated was observed within the limi t s of 
resolution of the existing app aratus (~/50 or"' 2 parts In 10 9 ), 

C RECOM'l,ENDATIONS: 

When the theory is suffi c iently advanced to be ab le to predict the 
effect within a few orders of magnitude, t he possibilities of experi­
mental verification should be exam ined again. The following improve­
ments to the present apparat us have been invest igate d. 

Si gn~I Ampll ficatlon 

An Increase in flux dens ity x l en9th can b~ accomp l ! shed in expons lvely 
by, 

I. Addition of a second solenoid and second power supp ly, 
If availabl e . 

2. Recirculating the I i gh t beam through the solenoid throe 
times. 

A comparison of these techniques is sh own on Page 5 , The second 
method above was tried by modi tying the exist i ng appa ratus as 
Indicated on Page 6, To accomoda te the three passes of the bearn 
through the solenoid, the 2 PVC tubes were removed an d ~he ape rtures 
in the end-plates were Increase d in size. The alignment p1·ocedure 
was much more di ff I cult due to the added mirrors and path l ength . 
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CC/-1,PARISON OF PROPOSED MOD IFICAT : (),lS TO LI GHT/MAGNETI C FIELD EXP.£RIMENT 

(Performance Is Cc.-npared To Original Experiment In Percentages) 

MAG. FI ELD SIGNAL TEMP . RANDo-1 
MODIFICATICl'l NOISE NOISE 

Gauss-Meters Power % (Ntl% (NR)% . 
KW 

Two ldenti cal Solenoids 
on Existing Po.er Supply. 16,550 5 I 144 "- 10 100 
Flux Di r ections Opposing 
Each Othe r . 

Two Identical Solenolos I On Separ ate I den ti ca I 
Powe r Supp Iles. Flux 23 , 000 I 98 200 .,,o 100 
Directions Opposing I Edch Other I 
Single Solenoid On 

I Ex isti ng Po·.,er Supply. 11 , 500 Act . 
Light llcun Reci rcu- ! 49 300 100 "-250 
lated to 3 Times ' 34,500 Etf. I Existing Path Length . ! 
Mod iflcaTion A, Plus I 

I 16 ,550 Act. 
Li ght !learn Rec I r cu- I 51 432 .,,o "-250 
lated to 3 Times } 

Ex is ting Path Length I 49,650 Etf. 
I 

Modification 8 , ?lus 

r 

23,000 Act. 

I 
Light Beam Rec i rcu-

98 600 .,,o "-250 
lated to 3 Times 

69 , 000 Eff. 
Existing Path Length 

SIGNAL - --
NR 

'· 44 

2 -~ .vv 

"- I .2 

.. 

"' ' • 7 

"-2.4 
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l>JITH P0UBLE LOOP L-IGl-4T PATHS. 
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RECO!+fENDATIOOS (Contd.) 

Although this modification Increases the signal threefold, randan noise 
Is also increased, fringe brightness is reduced by a factor of 9 and 
fringe definition Is degr aded, With the existing sensor, slightly modi­
fied, It was not possible to approach the -'resolution previously attained. 
This technique requl res a laser of greater intensity and coherency than 
was used, in order to achieve the quality of fringe pattern required. 

Improved Resolution 

Resolution can be Improved by develop Ing a more sensitive sensing tech­
nique and using synchronous methods for isolating signal from background 
noise. By projecting the fringe pattern on a J_ screen having alternating 
reflective and absorbtive I Ines of the same spacing as the fringes, the 
eQtire cross section of the I lght beam can be used as a fringe shift 
indicator. This image of variable brightness can be focussed, by means 
of lenses, on a highly sensitl .ve, fast reacting ilght sensor. A bridge 
circuit can be used to conve rt its chang.e in resistance to a recordable 
signal. 

H. C. Bjoml ie 
Advanced Concepts 
28 May 1969 
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Fig. I. Genera I Arrangement Of 
Ex perimenta l Apparatus. Optical 
Sensor In lower Right Corner 

Fig. 2. li ght Source He - Na 
Gas laser (63281{ ) Wi t h 110 v. 

-~ Battery Power Supply 
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Flg. - 3. lnt'3rferometer, Near End, 
With Cover Removed, - Optical 

, System is Arranged For Double­
Loop Path, End Plate Of Solenoid 
Is In Upper Right, In line With 
Laser Axt s. 

Fig. 4, Interferometer, Far End, 
With Cover Removed, Optical 
System Is Arranged For Doub le­
Loop Path. 

Fig. 5, lnterfercrneter, Far End, 
With Complete Housing Removed. 
Optical Element At Right ts 
Negative Lens. Solenoid End Plate 
Is At Left. Protruding Leads 
Attach To "Crow-Bar" Cl rcult And 
Power Cables. Thermal Insulating 
Tubes Lie On Floor Behind Solenoid. 
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Fig. 6. Far End Of Solenoid 
Showing "Crew-Bar" 
And Power Cables . 

Cl rcuit 

Fig. 7. Optical Sensor With 
Housing Removed. 

Fig. 8. Interference Fringes. 
·eenter Section Shows 5-1/4 Wave 
Lengths, Lower Section (Barely 
Visible) Shows 1-3/4 Wave Lengths 


