o«
b4

Ste alzo YTie s A TR D[ROVl STHE TTTTER R e e nad
e oy Andoomon U i Geen®h

‘ I o 'TzZ'*Q,:_
' MICROWAVE OPTICS EXPERIMENTS
INTRODUCTION:

There are a large number of optics experiments which can be more

'readily performed in the centimeter wavelength regime than in the

.visible. One of these is the'two-slit diffraction experiment,'where~

' the long wavelength makes the separation of interference fringes

'easily measureable with a ruler. Other diffraction experiments

abound and such devmces as zone plates are easily fabricated

for these wavelengths. It is also possmble‘to study Bragg scattering'

from crystal models ponstructed with "Tinker Toys" or 31milar

materials' Tinker Toy crystal models have unit cell dimensions which i
‘approx1mate a wavelength for a3cm klystron, and the first and

second Bragg peaks can usually be measured for princ1pal directlons.

One experiment which exploits the long wavelength of the

klystron radiation is that of total reflection from a paraffin prism..

Apparata suitahle for this eXperiment have been assemhled'by
Mr..J D. Leigh of our department They COnsistvof two'large
paraffin prisms and the per1phera1 microwave emiss1on and detection
equipment., |

It is assumed that students performing the total reflection
experiment have‘already famiiiarized themselves with the‘operation.

6fgthe klystron, wave guides, magic tees, attenuatdrs, and detectors

by means of previous experiments.
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| The reference for this experiment is Concepts of Classical

Optics, John Strong, W.H. Fteeman and Company, Inc., San Franciscc,

1958, Appendix J, by G.F. Hull, pp. 507-524.

"EXPERIMENTAL SET-UP:

In the first part of this experimeﬁt a single;prism is empioyed.

.A‘klystroﬁ operating at wavelength of 2.7, 3.1, o? 3.3 cm is
connected to a horn which is positioned against one face of a _
‘,90 paraffin prism. The other two angles of thefbrism are about

.35 and 55 . If the horn is placed agalnst the face between the

N .
90 and 55° corners, the radiation incident upon the Opp081te face "

“will be totally reflected. The term "totally reflected" is a-
.slightly misleading one, however. What 1t means is that there

is no sinusoidal wave propagating from that face of the prlsm,.l.e;~

no wave which can be described by an expcnential of form éikz.
There is, however, a hon-propegating'wave describable hy‘an
imaginary:wave vector K=ik, i.e. an exponentially decayiﬁg wave

with amplltude eiKz=e_kz. We can measure the amplitude of this

. wave as a functlon of Zz, the dlstance from the face of the prism.

The detector consists of a small diode with copper clips attached.
to it, which act as an antenna. vThe detector is mounted upon a

piece of optical bench stock, which is scribed with'ﬁillimetef

 markers. Thus the distance from the prism fact to the detector may

be measured directly.
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~ The pertinent equation for the "forbidden' transmitted amplitude

is givén by G.F. Hull in Am. J. Phys. 15, 111 (1947):

"E_ = E exp 2rmi [%t - X sin exp aanq[hz sin2 d -1 ¢H)
Yy oy Y > o

Where Ey is the amplitude of the electric field for 1nc1dent fleld

'EO polarlzed 1n the y-dlrectlon; £ is the klystron frequency; t,
'avtime;'é, the distance between the prism face and the detector;
N, the index of refrection; r,'theAéngle of refraction; x, the
"cirection_slong the prism fece'orthogonal to y; end o, the angle
ofyincldence. i éJ:I: | |
L Note the -way ln»whlch the klystron wavelength enters into the
. ibrmula above, For short wavelengths, say those m the vn.s:.ble the

E effect we are looklng for would be almost imp0331ble to detect

with laboratory equlpment avallable to us,

'Question #1: “Assuming a wavelengtheindependent ihdex of refraction
| - of 1.5, calculate the distance z required’to.produce‘
.a 10 db drop in trsnsmitted amplitude from the p:ism
» .) a 3.0 em klystron | |

a
b.) a 10.6 micron COy laser
c.) a 3250 angstrom Cd laser

face, for:

EXPERIMENTAL PROCEDURE:

‘1. Determine the operatlng wavelength of the klystron via any
method of your choice,

‘ ' | | 2, Measure the prism angles.

3. With the horn' along the short side of the prism adjacent

to the 90° angle, and with the SWR meter as detector,
measure the z-dependence of E_ and compare your results with
Eq. (1) above. y



',"prism, as sketched below. 2z is now the separation of the prisms.

ol
4. Place the horn along the long{side of the prism and again
determine the z-dependence of Ey. Why is the result no
longer monotonic? Can you determine the klystron wavelength
in this way? .

For this part of the experiment you should take at least ten data

~ points from zero to 10 cm along z, or until a 30 db drop is meesured.

5

. Question #2: Discuss the systematic errors involved in not being

able to make z exactly zero.

" Note: It may be necessary to stand away from the apparétus and

keep your hands back while making the attenuation measurements;.
the SWR meter will be-sensitiyefto:reflections from your baéy‘
impingingvupon the deteceqr. | 1
PART TI. o
“ Repeat the experiments in Part I for which you obtained monotenic,
exponentiallyedecaying transmission, but now switch the klyetron
wavelength. ;Try to make meaéurements for all three available
 -k1ystron wavelengths. Can.yeu verify thefwavelengtb dependence
predicted in Eq. (1)? What are the error sources in‘these measure-
ments? S | |
If you wish, you may try to vefify‘the x-dependence»in Eq. (1);
Why is this harder.than the z or A dependence verification? VI
PART III.

In this part of the experiment, two prisms are used. Now the

deteetor ehould_be placed squarely against the face of the second
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Measure E_ versus z for this configuration. How do your results ,

| compare thh those in Part 7

This part of the experlment is directly analogous to quantum

-~

,-mechanlcal tunneling through a potential barrier. The tunnellng

problem describes many physical phenomena in nature, for ekample,

,radioactlve decay via alpha-partlcle emission. As part of your

wrlte-up for Part iIl, you should do the one-dimensxonal tunneling

problem quantum mechanlcally, and compare your measured dependence'

Yy

| ;of Ey upon z with the results of your calculatiqn. (This problem

- mechanics.)

may be found, w1th dlscuss10n, in any elementary text on quentum

vt




