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Project Title

Improvements in Physics "Advanced Laboratory" Courses

PART 1i—SUMMARY OF COMPLETED PROJECT (FOR PUBLIC USE)

The phvsics "advanced laboratorv” courses at the Georgia Institute
of Technology are taken mainly by Junior and senior phvsics maiors.
Students choose experiments representative of diverse areas of
phvsics. In addition to the laboratory experience, reports reqguire
independent study that often serves as an introduction to topics not
covered in formal., lecture courses. Sivty-five students enrolled in
the courses duwwing the most recent four academic quafters.

With the aid of National Science Foundation matching funds,
substantial improvements have been implemented. New laboratory work
has been introduced, and some extant experiments have been improved
through the introduction of more effective apparatus. The students
derive benefit not only from improvements in the physics experiments
but also from the opportunity to gain experience in the use of
sophisticated, up—to—-date instrumentation - an opportunity that is
often lacking in undergraduate education.

Most areas of phvsics that have been affected by the improvements
are also areas in which there iz strong faculty and graduate
research activity. One set of experiments includes laboratory
ocbservations and computer simulations of svstems which exhibit
deterministic chaos. A zset of experiments in fiber optics and
anaother set of microwave sxperiments provide complementary vehicles
for the study of wave phenomena; a feature of both sets of
experiments is utilization of the phenomenon of "frustrated internal
reflection.” Work in atomic phvsics haz been supplemented by
addition of a Zeeman esffect experiment which permits observation of
both the transverse and longitudinal effects. Other experiments
that have heen affected by the i1mprovements i1nclude nuclear magnetic
resonance . semi-conductor physics, the Fockels effect (useful in
laser svstemsz), and nuclear radiation messur2ments.

PART lIl—TECHNICAL INFORMATION (FOR PROGRAM MANAGEMENT USES)

1. PREV TO BE FURNISHED
ITEM (Check appropriate blocks) NONE ATTACHED IOUSLY | gEPARATELY TO PROGRAM
FURNISHED
Check {.~) Approx. Dale
a. Abstracts of Theses X
" "b. Publication Citations X
¢. Data on Scientific Collaborators b 4
d. information on Inventions X
8. Technical Description of Project and Resulls <
1. Other (specily)
2. Principal investigator/Project Direclor Name(Typed) 3. Principalinvestigator/iProject Director Signature 4 Date
C. H. Braden 7/12/90
NSF Form 88A 11-87) Supersedes All Pravious Edilions =T T e

Form Approved OMB Mo 1145.005¢




Award #FHY-2805-15860
Georgia Institute of Technologw
Frincipal Investigator: C. H. Braden

Fart 11le. Technical Report.

A1 of the experiments in the Advanced Laboratory
that were slated for imporovement in the original prmmaaal i
receilved attention. Im addition. =zomse improvaments ot conbasmnnl s
in the proposal have effected. Im this narrﬁtlv@, the
oraantzation of Fart B of the proposal is tracked, and oo
de peritaining Lo the spegcific improvements cited in
improvemsnts rot oclted in the oroposal are inoloded
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Witk the use of departmental funds. the photoslectric 64
laboratory was evpanded to include an ewperiment with Lioght emit liuﬂ
diodes. and modiftications wers made in the apparatus wbilized for
the classic stopping potential experiment. & result of thase
changes was the release of & low-cwrrent meEasuwring instrument, which
parmitied evpansion of the Framck-Herts laboratory to include an
experiment with helium, in addition to the classic experiment with
meroury. Grant funds waere then used to obtalin a newly marksted
ZEEMASN EFFECT apparatus (#8). A guantitative study of the normal
fmeman effect in cadmiwn is made. The structure of the magnet
permits obhservations of both the transverse and lonogitudinsl
effects. It has also been found that a useful, albeit not very
precise, study of the anomalows effect in mercury is possibls.

A principal research area in the department is-atomic
physics., and an atomic physics "track" is being introduced into thes
underaraduate programn. One of the +taculty members who will be
assuwning supervision of the advanced laboratories upon the
ratiremsnt of the FI1 is active in the aresa and wishes: to provids
strang laboratory support for the atomic physics Orogeam. Ir
addition to the Zseman effect and supanded Franck-Hert: s
zhe intends to introduce additional laboratorsy work (#7) .
instrumnentation associated with VACUUM SYSTEMS, as she
responsibilities during the forthooming academnic vear.

The oscilloscope with transistor curve bracer modiol:
to effect improvemsnts wn twoe seniconductor physics abors
F1E . A labo.aior” involving 2xperiments on warious btypes
arnid & laboratory which includes the study of the tempersture

depasndence of p-n junction charscteristiocs, acauired from the
Labarator: a faculty member who resigrned. Regports on i
include ghotographs of the scope scresns (#1190
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o experiment o NUCLEAR COINCIDENCE SPECTRDSCGPY Fi
introduced (#2. #120. Two sodium lodide detectors are uss
gamma radiation emitlted in the decav of Bi-Z07, P'; artlv,

apparatus i=s emploved in & fast-slow coincidence contfiguw ation in
which students investigate settings of two zingle-channel analvzsr
windows and the setting of an adiustable delay in order to DL E
time coincidernce of signals in the two charnels. This provides good
@xperience with coincidence instrumentation. A Ma-228 radioactive
souwrce has besn obtained, and an experiment involving annihilation
radiation mavy be introduced as a reclacement or supplement Lo bthe
present coincidencs exvperiment. The apparatus also permits &
configwation in which one radiation may be szelected Lo gate
coincidences with an entire spectrum.  The apparatus smay al=o be

ﬂﬁlﬂved in a non-ooincident mode as a multi-channel analvzer,
contiguw ation appropriate Lo an older experiment wusing a GBe det
tm study closely spaced gamma radiations in the decav of Ir-192
e ochuced locally in the Georgia Tech reactor).

The effectiveness of the laboratory chbssrvations on
(#Y) diode~L-F circult in the recently implemented DETERMINI
CHA&O0%2 laboratory tas besen dramatically improved by utilizati
the LeCrov digital scopes, wilth fast Fourisr ftransform and =
averaning capabililties (#5). Records of the observations o
made with & plotter (#3) or with a camera (#113: the {former ]
most appropriate for the digital scope, and the latber being needed

s

for observabions made with an analog scope. &
devioe designed and constructed by owr 21
ﬂ‘Lcﬁ has ome an invaluwable aid in the use of these digl
Theg Ffirs student to wuse the combination of the digital s
ﬁ'iqg@rlﬁq device discovered interesting patterns upon signal
averaging of the diode circuit response when in :hi”t]L =
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but, by wbilization of the capability to chain DtMratxf
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In view of the considerable number of departmental faculty
interested in the fisld of deterministic chacs and the studsnt
enthusiasm for work associated with the field. the improavements in
thiz facet ot the advanced laboratory cowrses are desmed to be a
majior improvemsnt in the undergradusts prograt.

The MICROWAVES laboratory is now in operation (#4, #14,
#1351, In addition to the main experiment on trustrated internal
reflection, & variety of other eszercises {(e.g., standing wave
ratios, stub tuwning, determination of approsimate indexs of
refraction of prism used in FIR experiment) are included to provids
hroader sxperience with microwave techrnologv. 0Ff particular
iz the relationship of these amicrowave phenomene bo similar
phenomena in the optical regims, £3PF]R}lv prienamsna relevant
fiber optics technology.

The FIBER OFTICE laboratory 5
The laboratory comprises a varisety of ewgrociszes, basad mainly on
parts of several of the supesriments des e in bhe Mewport manual.
I one experiment, a fiber coupler that utilizes the sva £
field is studied: this superiment is evidently oo
of the microwaves laboratory. In another sxpsrine t=
coupler falso weing the 2vanescent tield) isg a Dark ot an
interferomnster, Az in the microwsve laboratory, an effort 1=
tor include diverss phenomnena, and exwpesrisnce iz gainsd with a
Lice, the GRIN lens, a mode scorambler, thes launching
= higher order modes inte bthe fiber, and polarization
M ErOMen & .

ust besn implamsnted.
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AFFPENDIX

Major units of insbtrumentation acguired wunder the grant are listed
here.

1. Fiber Optices Kit. Newport FEF-5TD, F-PFL1.

. Computer Syvstem. IEM PS/72 Model 80, XE4E, 85137041,
A Flotter. Hewl ett-Packard 74404/,

4. Waveguide Terminations (2). Hewlstt-Fackard WRSG.

e Digital Oscilloscope. Lelroy 9400/, with AWFOL & AWE

&a Fockels Effect Cell. IMNRAD 111200,

7a Atomic Fhvsics and Yacuum Svstem apparatus.
Fressure measwwement svstem, pump, gauges, bime-to-amplituods
converter module, 10 A power supoly.

L

. Zesman Effect Appaeratus. CENCG Levbold) magnst,
pawer =upply, light souwrce, optical system.

. Function Generator. lewlett—-Fackard Z3144,
Lir, Function GDenerator. Havetel: 18ZA.

1%, Soope Camara. Tektronix C-4.

2 Fulesse Analvrer Module for PO FEEG Ortec NE®I17.

17

....

15, Miocrowave Freguency Counter. Hawlett-Fackard
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The data requested below will be used to develop a statistical proflle on the personnel supported through NSF
grants. The information on this part Is solicited under the authority of the National Science Foundation Act of
1950, as amended. All information provided will be treated as confidential and will be safeguarded in accordance
with the provisions of the Privacy Act of 1874. NSF requires that a single copy of this part be submitted with each
Final Project Report (NSF Form 98A); however, submission of the raquested information is not mandatory and
is not a precondition of future awards. If you do not wish to submit this information, please check this box O

gﬁ Science Instrumentation

Please enter the numbers of individuals supported under this NSF grant.

Do not enter information for Individuals working less than 40 hours in any calendar year.

*U.S. Citizens/
Permanent Visa

PI‘a/PD's_

Post-
doctorals

Graduate
Students

Under-
graduates

Precoliege
Teachers

Others

Male

Fem.

Male | Fem,

Maie | Fem.

Maie | Fem.

Male | Fem.

Maie | Fem.

American Indian or
Alaskan Native . . ..

Asian or Pacific
Isiander..........

Black, Not of Hispanic
Origin ...........

Hispanic ...........

White, Not of Hispanic
Origin ...........

Total U.S. Citizens .....

NonU.S.Citizens .....

Total U.S.& Non-U.S. ..

Number of individuals
who have a handicap
that limits a major
life activity.

*Use the category that best describes person’s ethnic/racial status. {If more than one category applies, use the
one category that most ciosely reflects the person’s recognition in the community.)

AMERICAN INDIAN OR ALASKAN NATIVE: A person having origins in any of the original psoples of North America, and who maintains
cultural identification through tribai affiliation or community recognition.

ASIAN OR PACIFIC ISLANDER: A person having origing in any of the originai peopies of the Far Easi, Southeast Asia. Ihe indian
subcontinent, or the Pacific islands. This area includes, for exampie, China, india, Japan, Korea, the Philippine Isiands and Samoa.

BLACK, NOT OF HISPANIC ORIGIN: A person having origins in any of the biack racial groups of Alrica.

HISPANIC: A person of Mexican, Puerto Rican, Cuban, Central or South American or other Spanish culture or origin, regardiess of race.
WHITE. NOT OF HISPANIC ORIGIN: A person having origins in any of the original peoples of Europs. North Africa or the Middle East.
THIS PART WILL BE PHYSICALLY SEPARATED FROM THE FINAL PROJECT REPORT AND USED AS A COM-

PUTER SOURCE DOCUMENT. DO NOT DUPLICATE IT ON THE REVERSE OF ANY OTHER PART OF THE
FINAL REPORT.
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