Experiment 7

The Microwave experiment

Aim:

This experiment uses microwaves in order to dematasthe formation
of standing waves, verifying the wavelengtbf the microwaves as well
as diffraction from double slit and investigate ggfeenomenon of
polarization.

Part 1. Standing Waves - Measuring Wavelengths
Apparatus:
Transmitter — Goniometer— Receiver

Introduction

When two electromagnetic waves meet in space,stpgrpose.
therefore, the total electric field at any pointhie sum of the electric
fields created by both waves at that point. Iftine waves travel at the
same frequency but in opposite direction they faratanding wave.
Nodes appear where the fields of the two wavesatamd antinodes
where the superposed field oscillates between amoem and a
minimum. The distance between nodes in the standlawg pattern is
just 1/2 the wavelengtii) of the two waves.

M ethod

1. Set up the equipment as shown in Figure 7.1. AdhesReceiver
controls to get a full-scale meter reading with Thansmitter and
Receiver as close together as possible. Slowly rtlev®eceiver
along the Goniometer arm, away from the Transmiktew does
this motion effect the meter reading? The microwave horns are not
perfect collectors of microwave radiation. Instethey act as
partial reflectors, so that the radiation from Twansmitter reflects
back and forth between the Transmitter and Refiduatons,
diminishing in amplitude at each pass. Howevehefdistance
between the Transmitter and Receiver diodes islégua/2,
(wheren is an integer and __is the wavelength of the ramhathen
all the multiply-reflected waves entering the Regeehorn will be



in phase with the primary transmitted wave. Whes dlccurs, the
meter reading will be a maximum. (The distance betwadjacent
positions in order to see a maximum is therefd?e
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Figure7.1:Equipment Setup

2. Slide the Receiver one or two centimeters along3meiometer
arm to obtain a minimum meter reading. Record theelver
position along the metric scale of the Goniometar.a
Initial Receiver Position = ..........

3. Slide the Receiver to obtain the a second minimum.
Final Receiver Position = ............

4. Repeat your measurements for 3 successive minichéireththe
average.
You can use table 7.1.

Initial Receiver| Final Receiverl L=R,—- R

Position (R) Position (R)

I—avq =

Table 7.1
5. Use the data you have collected to calculate @neslength of the
microwave radiation.
6. Calculate the frequency of the microwave signal.
7. Compare your result with the theoretical value.

Part 2:Polarization
Apparatus:

Transmitter —Receiver —Goniometer.



Introduction

The microwave radiation from the Transmitter igany polarized along
the Transmitter diode axis (i.e., as the radiatimpagates through space,
its electric field remains aligned with the axistioé diode). If the
Transmitter diode were aligned vertically, the &iedield of the
transmitted wave would be vertically polarizedshewn in Figure 7.3. If
the detector diode were at an angle _ to the Tratesrdiode, as shown

in Figure 7.4, it would only detect the componethe incident electric
field that was aligned along its axis. In this esspent you will

investigate the phenomenon of polarization.
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Figure 7.3: Vertical Polarization
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Figure 7.4: Detecting Polarized Radiation
Method

1- Arrange the equipment as shown in Figure 7.1 ajsathe
Receiver controls for nearly full-scale meter detilen.

2- Loosen the hand screw on the back of the Recaiwerotate the
Receiver in increments of ten degrees. At eachioota position,
record the meter reading in table 7.2.

3- Note what happens to the meter readings if youimoato rotate
the Receiver beyond 180-degrees?



4- Calculate M using M=Mco® wheref is the angle between the
detector and Transmitter diodes anglidthe meter reading when
6 =0.

5- Graph your data from step 2 of the experiment.@nsame graph,
plot the relationship Mo®. Compare the two graphs.

Angle of Meter | M=Myco9 | Angle of Meter | M=McoD
receiver | reading M receiver | reading M

0 100

10 110

20 120

30 130

40 140

50 150

60 160

70 170

80 180

90

Table 7.2

Part 3: Double-Slit I nterference

Apparatus:

Transmitter, Receiver - Goniometer, Rotating - Congnt Holder-
Metal Reflectors (2) - Slit Extender Arm -Slit Spac

Introduction

When an electromagnetic wave passes through alitnapsrture. The
wave diffracts into two waves which superpose sgpace beyond the
apertures. Similar to the standing wave pattemrgtlare points in space
where maxima are formed and others where minimé&oaneed. With a
double slit aperture, the intensity of the wavedre/the aperture will
vary depending on the angle of detection. For two $lits separated by a
distanced, maxima will be found at angles such tda&n6 = nA. (Where
6= the angle of detectioi,= the wavelength of the incident radiation,
andn is any integer) (See Figure 7.5).



Figure 7.5 Double-Slit Interference

M ethod

1- Arrange the equipment as shown in Figure 7.6 Usétt
Extender Arm, two Reflectors, and Slit Spacer tostaict the
double slit. (We recommend a slit width of abol dm.) Be
precise with the alignment of the slit and makegétip as
symmetrical as possible.

2- Adjust the Transmitter and Receiver for verticaigpiaation (0°)
and adjust the Receiver controls to give a fullscaading at the
lowest possible amplification.

3- Set the Goniometer arm so the Receiver directlgddle
Transmitter. Adjust the Receiver controls to obtmeter reading
of 1.0. Now set the angkto each of the values shown in table
7.3. At each setting record the meter readingentdble.

4- Plot your data.

Figure 7.6 Equipment Setup



Angle Meter Reading Angle Meter Reading

(- 45"

5" alb®

10~ 55°

15° 60~

207 65"
25¢ T0°
307 75"
35° a0
40 85"

Table 7.3




Equipment
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|| Introduction ||

There are may advaniages to stadyme opial phenom-
e A mirrowave Tequencies. Using a 2.5 cenfimeter
msTowEve Wavelsneth ramsforms the scale of the expen-
mant. Micmns become centimeters and variahles ob-
sored by the small scale of maditonal opocs expermmenrs
are exsily seen and manipulated  The PASCD scienific
Mindal WA-2314B Hasic Mirrowave Cptics System &5
dasizned to mke @l advandage of these educatone] ben-
efits The Basic Microwave Opacs Systen: conses with a
1 85 centimeter wavelensih mirmowave DansniineT and a
recenver with vamatble amplifiration (fom 13 s 5030).
All the accessory squipnya necded m DvestiFaie 3 vall-
efy of wave phencomera iz also inchuded

This marmal descrives the operaiion and mamtenarse of
the marmowave eqapment and aluo gives detmiled inswoc-
tors for moary expenimants. These expemmeants anse
from quannative investizatons of reflarson and refrac-
oon 1o micrewave models of the Michelzon and Fabry-
Perot mterferomsters. For those whi bave either the
Cpmpiste Mimowave Opocs System (WA9315) o the
Micowave Accessony Packase (WA-2315), the marmal
desrrines experinents for fnvestizanine Bagz diffaction
and Brewster's ansle

|| Equipment |

Gunn Deode Transmitter

The Guon Ticde Mecrowave Tromsnter prosides 5 mW
of cobetent, Imearly polarized mimowave o af a
wavelmnprthof 185 on The umif consists of 3 Gurm d3-
ode in a 10,325 GHz resonanf cavsty, 2 mmcrrave hom
to derect the maa, and an 12 am stand to belp reduce
zhle fop reflecnons. The Trapemier may be powered
directly from a standard 115 er 220240 VAC, 50460 Hz
cratiet vy usins the providsd power supply. Ciber feanires
mehude an LET power-indicator lisht and a rotational
scale that allows easy measurement of the angle of po-
The Guom diade acts a3 2 non-imear resistor that oscillages
m the memrowave band. The ouiput is linsarty polanzed
aloaz the ands of the disds and the attached hom radiates
1 sons beam of microwave radision cenered alons the
s of the hom

To Operate the Microwawve Transmitter
Siumply phes the power supply b the jack on the
Transnvimer's hottom pens] and phys the powves sEply o
1 siandard 115 or 220240 VAC, 50°5) Hz outlet. The
LED wdll light ndicading the urmit & oo

12K1800

dmammld

» CAUTTON: The oupw povwer qf the Wiorowave
Tromimer 7 well within Sandard sy levels.
Nevarheiess, ong shawld mner oak drectfy imto the
microwena horn ar close ravee Wi the Tramsmur-
o i on

Power Supply Speafications:
Vel DC, 500 mA:
Minizrere Phooe fack Connecior {the Sp iv posdtive)

Microwave Tranamitter with Powar Supply
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Microwave Recefver

The Microwmve Facemver provides a meter reading that,
to the infensify of the incident microaave siznal A me-
crowave barm idential to that of the Transmsftar's colfaces
the microwrave sienal and channels it foa Schottky dinds
ma 10525 GHz resomant cavity. The diods responds
omby 10 the compoenent of 3 picrowave siznal thatis polar-
Ered aong the dicds axiz, producme a DC voltage that
vanes with the maprinsde of the microsisve seral
Sperial foanmmes of the Beceiver inchude fom apmlification
ranzes—from one to thirty—wrth 8 vamiable sengminy
Imob that allows fine nming of the amphificaton n each
ranze. For comensance m class demwnsmations, banara
phi= comnectors provide for an ouiput siznal vis hoakop
oo 2 projectson meter {such as PASCD Mods] ES-9065
Projecfion Meter or SE-0417 DT Vaolometer).  This cafprat
can alzo be nsed for chose examanahon of the =emal using
anoacilloscope, The recemver 13 haftery powered and has
an LET) bettary mdicaor; if the TET? Hpiis when you nom
om the Becaiver, the banery is wocking.  As with the
Tramsnofeer, an 12 om hizh mount nrinivises tabde sop
reflectons. and & rotational scale allws comvemsnt mes-

MICrowave Recelvar

The female mudio coonector on the side of the Feceiver i
for an opnanal Microsave Detector Probe { PASCO
Modsl WA-L319). The probe works the zame a5 the Fe-
ceiver sncept it has no hom or msonant cavity. The Probs
15 partoalarty comvenient for exammine wave patisms m
wiich the hom couid pet in the way, sach s the stinding.
wave pattem described m Expenimend 3 of this marmal

=NOTE: The desecior dindes m fe Recanar fand
the Probg) are nan-imer dnioe:. This non-{mer-
iy will provida ng profbilem I moshepar .
L7 EmporTet Raadver, I TS T S ey road-
ing it aof divectly propordong 10 either D Sectric
Jaid (E) or the ftarrity (T of the Ducidens micro-
wirve Fastead, o peerally rgliects soms fanarme-
o

To Operate The Microwave Receiver:

»NOTE: Bgfore irng the Rocerver, you will nead
o imstadl v o Tvoll mapuisior baseries—ihey e
ciude with the poen. - See the fesrcriones i the
Mérimtevance section o the end g this momai.

1 Tham the BITEMSITY selertion switch from OFF o
300 the kowest anplification level  The battery mdi-
cair LED shoudd Light. mdsratins that the battery 1=
oz, Ife does not, replace the battery follewins the
procedumes m the Maintenance section of this mamial

= NOTE: The INTENSITT sedaciion semmgT (701
LAY, LY} are o viniuies you! s sedeindy the
ity recdimg Iy 1o AoTeing POLT ML EHITET.
SUE, for axample, seans S o mut mufnely the
mugter reading Gy 30 fo gt the come vaike you
wold meamre fbr the o siemal with S INTEN-
SITT selection ev to LY Offcowrse, this i o
oy ifvou do net change the positon gf the FAR-
ARLE SENSITIVITY ke Berwont M e,

Pt the rmcrowave hom cownrd the modent micra-
waave siznal. Unless polanzation sffects are under m-
vestmaton, adjust the polanzaton angbes of the Trans-
rmimer and Facaiver iy the samvs anientaton e 2, both
homs vertically, o bath borms horizontally)

Advast the VARTABLE SEWSITIVITY kmob mo aimin
3 meter readme near oudscals . [ no deflaction of the
meter aoours, ncreass the mnphification by fummng the
DWNTEMSITY selection swinch clockwisa, Fememher,
alwarys multiphy your meter readine by the appropriate
INTEMEITY selecrion (3030 1000 350 ar 130) if vou
want tomeke 3 quantiaEve Comparison of measurs-
et taken af different INTEWSITY sefnes

i

a

[FAS L

........




01 2-04630F

Micromave Uptica

|| Initial Setup ||

To atach the mecrowve Transmirter and Feceiver fo their
TespeTive stands prsor i perfning expariments, pra-
ceed as follows:

(1 Bpamsore the black hand srrewr from the back pane] of
keoth the Tramsmstter and the Fleceiver.

@ Artach both umits to the stands as shown below. Ob-
sarve the locaton of the washers.

@ To sdjmst the polarization ansle of the Transmitier
or Rereiver, loosen the band sorew, rotate the umit,
and tighten the hand sorew af the desired onentation.
Migtice the rotational scale on the back of exch met for
measuring the angle of polarization. Be aware, bow-
ewer, that since the Transmitter and Feceiver face each
oither in mest experiments i is moporant fo match their
polarization anzle. I v mofaie one wmit io an angle of
-desress, you must rofye the other to-10-desrees
(350-depress) fo achieve the proper pelar alipnment.

| I—

Aftaching the Transmitier and Recalver Stands

Accessory Equipment

Accassory equipmant for the Basic Microwes Opticu
Soetum imchadas:

Gonlomstar (1)

+ H I

Flxed Arm Azssmbly (1)

------

Rotating Tabie (1)

RAFIEATIMN G TABLE

Componant Holder (2]

guﬂ“ Component Hobdar (1)




Mazirwires [plics
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Metal Reflector [2)

Partlal Reflecior (2]

Polarizers [2)

St Extendar Arm (1)

Marrow Siit Spacer (1)

Wide St Spacer (1)

o

.::-__ .

[

)

R
Ethatoam Prism Mold wi Tubular
Styrene Pellata (1) Plastic Bags [4)

The WA-2315 Microwave Arressory Package (which i
part of the Complate Mimowave Optics Sysiem Modal
WA-23148) mehides the followine:

Cubic Lattice with 100 matal
gpharas—Sx5xd amay [1)

The inllowing companents, compatible with the WA-
03148 Basic Mirmowave Optics System, are available
from PASCO scientific-

Mdodel WA-2319 Microwave Detector Probe phags &
recily mba the Microwave Feceiver. The probe is essen-
il fior experiments in which the hem of the Feceiver
gkt otherwise mierfere with te wave patiem being
meaamed

Mdodel WA-2315 Microwave Modulston Eit mchudes a
oodulator and oocropbane. With this kit, you cannse
your Trnzmitter and Fereiver a5 3 mimowave oommnmmni-

ERfore®
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|| Assembling Equipment for Experiments ||

The amms of the Gomometer <Hde thrmezh the holes m the

Holders as shown. Make nae the mapnets
sirip an the bonom of the aom grips the hase of the ar-
naze Toadjustthe possfion of the holders. mst shide
stamds of the nacrowave Transmditer and Fecsiver o te
army of the Comiomersr m the sams marnst

For mest expenments it 15 advwanzems o amach the
Tmpsmier o the lonz ane of the Consomeder and the
Fegemver fo the shorer, mévmble amm. Thiz mairdwine a
fied relafionsihip between the mrirpowave beam and oom-
panents menmred on the lonz arm (or on the degres plate)
af the Comicmeter In fum the Flecssver maves easily 1o
sampla the ouipent

Faflacors, Parnal Feflares. Bolanzers Shir Spacars. and
the Slit Expender Arm all anach masmetically o the Com-
arms and the dezree plate at the juncien of the amms 2
low easy measmEment of corponent placemess. When
roaiing the rommble amm, bold the degree plate Srmly o
the @mhiz 5o that ot dies mt move

Mounting the Component Holder

= IMPORTANTNOTES:

CAUTION—ndar some cooumsiances, Tioowaves Can nerfers with elec-
romic medical d=aces. Jfvor wse g pecemalker, or other elecironic medical
device, check with vour docior of the mermfacrares fo be cenain that low power

i 21 2 frequency of 10523 GHz will oot mterere with i opemtion.
Alway: mount the apparsns o 3 CLEAW, SMOOTH able. Before setine up
e equipment rosh off any matenia—pardeslordy meval chips—hat mizh
have adhered fo the maznen: smps oo the botom of the Gomometer anmms

LEALSC (e







