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Cover graphic “Students in a course on Flow Visualization (htfjpwvis.colorado.edu/) attempted to
create interaction between two vortex lines byipgttwo holes in the bottom of a round bucket.
Adding food dye to the flow showed that only théehio the center of the bucket created the swirling
flow of the common ‘bathtub’ vortex. Flow went sglat down the off-center hole without swirl. Even
when the off-center hole was made larger than ¢éinéeced hole the vortex continued to form only over
the centered hole. The *bathtub’ or ‘drain’ voriexmost famous for swirling counter clockwise ie th
northern hemisphere, and clockwise south of thategubut in the 1960s this was shown to be a weak
effect (Shapiro 1962), and you can make a draitexdtow either direction by swishing the flow as

you like. ”

Image and descriptiomtp://www.aps.org/units/dfd/pressroom/gallery/khberg10.cfm




Introduction

This Handbookis intended to help undergraduate students magjamiphysics or astronomy to pursue
their major education as efficiently as possible ¥y to make you aware of opportunities and
resources in the department, give hints about wizeget help when you need it, and encourage you to
participate fully in the life of the departmentyami prepare to be a physicist or astronomer or some
other profession with your physics and astronongkgeound.

This Handbookdoes not take the place of tHadergraduate Catalogr theClass Scheduldt does

not replace face-to-face advisement from Physidsfestronomy professors or from the College
Advisement Center. It also does not replace tallit other physics and astronomy students to get
valuable insights from a student perspective. Add#l information about the Department of Physics
and Astronomy, including links to home pages foygits and astronomy courses, is available on the
web athttp://physics.byu.edu/

Email list

You should subscribe to the physigslergraduate email listas soon as you dedlbtre a major in
the Physics and Astronomy Department. To subsayibé& physics.byu.edu, then click the
Undergraduate tab, then Mailing LisiThe department will communicate with you frequenily e-
mail regarding special events, employment oppatigsjischolarships, etc.

Department Organization
Department Secretary Diann Sorenson, N273 ESC, 422-5387

Department Chair Ross Spencer, N281A ESC, 422-2341
ross_spencer@byu.edu

Associate Chair
& Undergraduate Advisor Harold Stokes, N271 ESC, 422-2215
harold_stokes@byu.edu

Teaching Majors Advisor Duane Merrill, N143 ES(A422-2255
dm358@physics.byu.edu
Undergraduate Coordinator Bret Hess, N251 ESC, 422-2108
bret_hess@byu.edu
Undergraduate Research Eric Hintz, N480 ESC, 422-5043
Coordinator eric_hintz@byu.edu

Capstone Project Coordinator Robert Davis, N215 ESC, 422-3238
robert_davis@byu.edu

Society of Physics Students (SPS)Gus Hart, N249 ESC, 422-7444, Faculty Advisor
gus_hart@byu.edu
SPS office, N314 ESC 422-YSPS (422-9777)
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Academic Advisement in Physics and Astronomy

College Advisement Center (College of Physical arfdathematical Sciences)
N179 ESC, 422-627physmath.advisement@byu.edu

Start with the College Advisement Center, 1116 TM&B information on general education and
university requirements as well as major requireiéNe suggest that you familiarize yourself
thoroughly with the general education and univgngtjuirement sheets as well as the major
requirement MAPs available at the College Advisen@snter. The Advisement Center is very helpful
in answering student questions.

Physics 191. Introduction to Physics Careers andd®earch.
This 1/2 credit hour seminar class, required ohail students, will give you an introduction to
physics major options, career opportunities, asdaech at BYU and elsewhere.

Department Faculty Advisor

The department associate chair, Harold Stokes 2245,stokesh@byu.edus the department faculty
advisor for undergraduates. Please see him ihgwe any questions about your degree program.
Also see him if you need department approval fanges in your degree program, including the
selected options in the Applied Physics degreeadd feel free to call him, even if you are noesur
who to talk to about some problem or issue.

Society of Physics Students (SPS)

SPS provides many opportunities for informal adwvieet by bringing younger students into contact
with older ones. Take advantage of what you camlabout your major from students who are just
ahead of you.

In addition, SPS offers programs each year to igil@mation about research opportunities, graduate
schools, employment in physics and astronomy, émer amportant topics.

Undergraduate Research Coordinator
The Undergraduate Research Coordinator (listedeabop. 1) can advise you in preparing for and
finding research opportunities as an undergradstatéent.

Capstone Project Coordinator

The Capstone Project Coordinator (listed above.dr) pdvises applied physics majors in choosing a
capstone project, and evaluates the project wéhrtantoring faculty or professional.

See the course flow charts and degree descriptiobhslow.



Strongly Recommended Courses

Because physicists can choose among so many diffeaecers, we can’t require all the classes that
you might need to take. Based on experiences af almni wished they had taken we suggest you
consider the following, independent of your actlegree:

Experimental and applied physicis&ats 201, Statistics for Engineers and Scientist
Theoretical physicistgVath 332, Introduction to Complex Analysis

Computational physicistéearn programming skills beyond what you are kéwiig our
computational physics courses, in computer cowses your own.

Degree Programs

All degree requirements are listed in thedergraduate Catalognd are available on handouts from
the College Advisement Center. We also includevdlmarts in the following pages that show
prerequisites and suggested ordering of coursebéorarious majors.

A special feature of these degrees is the requimenfea culminating experience: a senior thesis fo
the B.S. Physics and B.S. Physics-Astronomy, atoapsroject for the B. S. Applied Physics degree,
and of course student teaching for the B. S. PRyBsaching degree. The department Undergraduate
Research Coordinator and the Capstone Coordinsgerepartment Organization, p. 1 above, for the
name and office location of this faculty membes prepared to help you find a advisors who can
supervise a research project that fits your interasd needs. The opportunity to actudtyphysics in
your research project, in addition to learnaimputphysics in the classroom, will greatly enhanceryou
understanding of physics and your excitement apour discipline. See the section on senior thesis
and capstone projects in this handbook.

1. BS Physics

This degree provides a solid grounding in physgceeeded for contemporary applications of physics
or further study of physics or astronomy. Thishis tlegree students should pursue if they desire to
continue with graduate study in physics, or if thegire to work in a research environment requiaing
broad-based education in physics with significaytt in the principal subfields. This degree i®als
appropriate for those who want a solid foundatioa research science before pursuing professional
study in business, law, medicine, or other areas.

2. BS Physics-Astronomy
This degree provides a solid grounding in physiith an emphasis in astronomy. It is a strong plsysic

degree which prepares students for graduate stualsttonomy or astrophysics. It also provides algoo
background for graduate study in physics or fofgssional study in business, law, medicine, ormthe



areas, while satisfying a strong undergraduatedsten astronomy.

3. BS Applied Physics

This degree provides the basics of the disciplinghgsics while leaving great flexibility in the
schedule for particular student interests in aplpdieeas. It includes a student-selected, department
chair approved set of elective courses that magken inside or outside the Department of Physics
and Astronomy, tailored to individual student it in applied physics. It is an excellent defpee
those who may continue study in law, business aticimee, computer/information technology or in an
engineering or another science area after thetBSalso appropriate for those who wish to worlain
science or technical area at the BS level in ingustgovernment. It is also an attractive degoee f
those undergraduates who have a clear vision ofichéal educational goals in physics and wish to
take advantage of the flexibility in this prografblective classes are cleared by the associate (Se
pg 1.) These 12 hours must consist of a coheetrdfcourses with an identified educational goal.
Nine hours must be upper division (300-level onad)pthree hours must be 200-level or above.

Sample electives tracks
(There isgreat flexibilityfor a choice of emphases: technology, businessstiences, pre-professional, etc. As soon as
possible, meet with Asst. Chair to define an emjshaisd choose 12 hours of electives in this emgpasi

Acoustics Phscs 461 and choices from Ec En 380, 487, Ma@n

Biophysics biology, biochemistry, PDBio 568.

Computer Science/Computer EngineeringCourses in computer programming, information teddgg
networks, humerical analysis (math), computer esgjiimg that fit your career goals.

Electrical Engineering (graduate school preparatiof. EC En320, 324380 and 400 level courses
Materials Science (graduate school preparationPhscs 451, 452, 581, Chem 105, 106 or Chem 11, 1
Microelectronics/Semiconductor DevicesChem 105, Ch En 381, Phscs281 or 581, EC En 4Pbists 587,
Stat 361.

Nuclear Physics (power generation for industry or Mvy): Phscs 360, 451, 452, Me En 422.

Optical Communication Engineering: Phscs 471, 571, EC En 380, 555,562.

Optical/Laser Engineering: Phscs 442, 471, and/or 571, EC En 466, 555, aBé/2r

Premedicine, Prelaw (including patent law), Prebusiess:Courses required to prepare for these professional
schools.

4. BS Physics Teaching

This degree is designed for those who plan to teaghics at the secondary level. It includes caurse
for teacher certification as well as a substamatiedy of physics courses designed to provide
fundamental understanding of the discipline angpettive on science and its role in the modern
world.

Teacher certification requirements are differerg¢aich state and many states offer several paths to
certification. Seevww.aip.org/statistics/trends/reports/teacher.tdrfind out where to get the latest
information on certification requirements in thatss that interest you.

(Note: Some teaching students prefer to put irenaffort and get the B.S. Physics degree while
completing the education courses required forfazation. Another option is to get the B.S. Applie
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Physics degree, and select the education clasgesiasmphasis. This gives you the option to teach
continue to graduate school, or work in industi@ontrary to what the Education Department may say,
it is not necessary to get a teaching degree thiea

Degree Course Flowcharts

Charts showing suggested sequences of coursesemadjyusites for each of the four bachelors degrees
are included on the following four pages.



B.S. Physicq

Prerequisite

N

v

otes:

1. Math 112 (Calculus I) preparation is assumetigh school.
2. If you want a more formal versus applied matippration, and perhaps a math minor, take the
It requires 3 moreshitnan the left track.
3. Senior Thesis is required; join research gtoydr. year. Credit in Sr. year in 498R.

4. Physics 416, Writing in Physics, can replacglBi6, and can help you write your thesis. Take

PHYS 191
Phys Careers
& Researc
(Stats 201)
Recommended
FWSpSi
PHYS 291 (PHYS 198)

Phys Careers
& Researcl

Review physics &
math Prereq: 121

Optional £' block class for
missionaries, others who
need to review

F

(Optional) Concurrent > math sequence on the right.
(MATH 112) it when your research is essentially complete.
Suggested e Or equivaler
semeste Orequv § Fwspst e
s N T
Freshman MATH113 L e PHYS 1_21 PHYS 140
1 Calculus I Mechanics Electronics (1.chr)
(. J
/ \FWSDSI FWSt L
‘ O,[ e )
MATH 302 § MATH 313 PHYS 123 PHYS 145
2 Adv Eng. Math | @ | Linear Alg Waves, optics thermo Expt. Phys (1.thr)
(oA J J
I Q FWSt WSL
Soph v 2 p FWSDS\' / N ¢
MATH 303 OR 33 g MATH 314 PHYS 230 PHYS 220 PHYS 240
Diff. Equations = Callculus many Computatlonal Elec & Mag Sci Appar atus
3 2 _variable: ) Physics(1.0 hrs) ) Desian. Fat(2.c hn
D FWS
5| MATH 303 OR 33 PHYS 222 E;')ern 245
4 § L Diff. Equations Modern Phys Contemp Phys 2.0hr
‘V/‘l>< ™ e
Juniol ( PHYS 321 PHYS 330 PHYS 318 ; ,
5 Mechanics -~ Computational Math Phys Senior Thesis
Phys 121 also Physic: (1.0hrs’ (Begin in Jr year
FS FS Take 318 as or before) 498R
St £ v soon as you
PHYS 430 PHYS 360 have preregs
Computational -
6 Physics (1.0 hrs) Statistical/Thermal
WSL W
Senio PHYS 441 PHYS 451
7 Elec & Mag Quantum
FSr F
g - \ F or W take v
(Phys 416) Writing in PHYS 47Dptics Exit Exam
Phys. Alternative:Engl 316 Prered: 2321% ﬁ?inath o E:; ZZ?\;IlaZ Required, (F;E;(riu4rrs12
WSL 9 no grade
W Can also take Jr. ve WSL W

Other optional advanced courses:
(Prerequisites in parentheses)
399R Internship

429 Astrophysics (instru. consent)
517 Mathematical physics

545 Plasma Physics (321, 360, 441)
561 Acoustics

571 Laser Physics (222, Math 344)
581 Solid State Physics (222)

585 Thin-film Physics (222)

513R Various tobic




Notes:

] 1. Math 112 (Calculus I) preparation is assumed it Isichool.
B S PhyS|CS — Astronomy 2. Physics 441 and 442 are recommended for thosenoimgdar graduate school.
3. Senior Thesis is required; join research group dayo8 Jr. year. Credit in Sr. year in 498R.
4. Physics 416, Writing in Physics, can replace Eddl,&nd can help you write your thesis. Take it
when your research is essentially complete.
(MATH 112) Prerequisite
Suggested Caledlie] [ : >
~~~~~~~~ ...Or equivalet ;
semeste @ @ —m—mpr—1 el q (Optional) or Concurrent
Orequiv y FWSpSt e selection >
Freshman 4 N T e,
MATH113 L el A PHYS 1?1 PHYS 191
1 Calculus I Mechanics Phys Careers PHYS 140
\ /FWSDSI FWST & Research Electronics (1.cr)
/ or \ FS v
o PHYS 127or F L
MATH 302 ©| MATH 313 PHYS 123 exam PHYS 145
2 Adv Eng. Math | & L Linear Alg ) Waves, optics, therno Descriptive Expt. Phys (1.d1r)
(on
Fwsr  § , FWSpsi FWSt \ FWSp WSL
S - N 3. Y ‘ (PHYS 198)
Soph g MATH 314 PHYS 23_0 PHYS 220 PHYS 227 Ilz;'YSSCZagr;ers Review physics &
3 — | Calculus many Computational Elec & Mag Solar System Y math
2 variable: ) Physics(1.0 hr) r ) & Researc P IE—T——
= : Optional 1 bloc
P \ 4 g v FWSpS! Fw FWSK F class for missionaries,
Diff. Equations I ; ; ellar, extra-
4 \ d Q Diff. Equations \\ Modern Phys gallactic asti
P P W T Recommended
Junio (* pHYS 321 PHYS 330—) g
; . PHYS 318 Technical writ.
5 Mechanics | = »| Computational Math Phys FWSpSi
_ Phys 121 also reqd. Physic: (1.0 h; Take 318 as FWSpSI
FSr FS
" [ (PHYS 230) // it (PHYS 360) Senior Thesis PHYS 329
Computational prerequisites Statistical/Thermal (Begin in Jr year Observational
6 Physics (1.0 hrs) giq Math 303 or or befor 498F Astronomy
FWS S or conclirrel
WSL ‘/ k W l W
Seni Taketwo of the following: - N
enio Phys 360, 442, 452, 471; PHYS 441 PHYS 451 PHYS 427
7 they are shown in grey boxes. L Elec & Mag Quantum Astrophysics
\\§ J
FSr F F
F or W take v
Exit Exam
8 (Phys 416) Writing in E)P':YS 471) WS (PHYS 442) (PHYtS o Required, E\sHt:giﬁjs?cs
Phys. Alternative:Engl 316 il t Elec & Mag S no grade
w

w Can also take Jr. ve WSL w



Notes: 1. Math 112 (Calculus I) preparation suased in high school.

2. There igyreat flexibilityfor a choice of emphases: technology, busindsssdiences, pre-
professional, etc. As soon as possible, meetAs#t. Chair to define an emphasis and choose 1&hou
of electives in this emphasi§ee policy, sample tracks 3-4 pages earlier.

3. A capstone project or senior thesis is requigdrt by So. or Jr. year. See section in thislhaak.

B.S. Applied Physics

WSL

no grade

(MATH 112) 4. Physics 416, Writing in Physics, can replacelBidg, and can help you write your thesis/report.
Suggested Calculus| [ Or equivaler Take it when your research is essentially complete.
semeste Or equiv v FWspst e : Prerequisite
: T \ =
Freshman MATH 113 PHYS 191 - A PHYS 121 PHYS 140 Concurrent
1 Calculus Il Phys Careers Mechanics Electronics (1.chr) (Optional) >
\ J & Research FWST ES
‘/ \FWSDSI \ k l
Ve 4 N\
MATH 302 qéc MATH 313 PHYS 123 PHYS 145 SZ'V'I'QCVSP hlyzﬁl .
2 Adv Eng. Math | @ | Linear Alg Waves, optics, thermp | Ext Phys (1.cr) math Prereq: 121
J
EWSk o A g FWSt \ WSL¢ Optional *' block
Soph 2 FWSpS p > V\ - class for
T MATH 314 h PHYS 230 PHYS 220 PHYS 240 PHYS 291 missionaries, others
E Calculus many Computational " Elec & Mag Sci Appar atus Phys Careers & Fho need to review
3 2 variable: J L Physicg(1.0 hrs) L J\ {_Desian. Fab (2 hn Researc (Prereq 191
= FWS \
$ v FWSpSI Best corjcurrently with 20 d FSr F ECHEM 1053 .
= N FW ecommende
MATH 303 OR 334 |8 (" /11 303 OR 33 PHYS 222 E:;;i Sn‘:ri (Engl 316)
. Diff. Equatllons E| Diff. Equations Modern Phys Contemp Phys (2 hr) Technical writ. FWSpS!
O\ J
FW or FWSpS| e I W WSL FWSpS!
. PHY 492R/498R / AN
Junio! PHYS 321 PHYS 330 PHYS 318 Capstone project 12 Hours of )| (Stats 201)
Mechanics Computational Math Phys : - electives in Recommended
5 _ Physics (1 hr) y or senior thesis,
Phys 121 also required \ ) Take 318 as start Jr yr or before your chosen
FSt ¢ FSr soon as you emphasis, in FWSpSI
- ~ have almost any
EHYS 430 | prerequisites field, mostly
omputational !
6 : 300-400 level
~ PhySICSV(J;r) ~/ courses.
L
Senio PHYS 441 (PHYS 451) Clear with
7 Elec & Mag Quantum Asst. Chair
(see note 2).
NG
FSt l E
v
Phys 416) Writing in PHYS 47Dptics
8 I(Dh . Alt ) ti gE | 316 Prereq: 220, 123, math s| y EIHYZL;/?Z (PHYS 452) F (?I’ W take
ysS. ernative:eng Recom: 318, 441 ec ag Quantum Exit Exam
Required,
W WSL W g



B.S. Physics Teaching

Notes

1. For details of teacher certification requiretsesee the Education Advisement Center, 120 MCKB.

Prerequisite

v

2. Physics 230, Chemistry (105&106) and Meterplighys 137) are highly recommended
3. *12 hours of electives: At most 6 hrs. from the followingPhscs 137, 167, 281, 310, 311, 313#st 291,
Phil 423. At least 6 hrs. from 300-, 400-, or 98@el physics courses, not including 310 or 311s(RIB21,

- Concurrent 461, 471 are highly recommended).
Suggeste (Optional) > Seewww.aip.org/statistics/trends/reports/teacher.tarfind out whom to contact to get the latest
semeste information on physics certification requirememntsaistate that interests y
SR
Freshman MATH 112 (or Or equiv PHYS 121 PHYS 140 PHYS 191
1 AP) Calculus | »| Mechanics Electronics (1.chr) Phys Careers
& Researc
— FWST \ FSe ]
FWSpSI Y
4
e VATH 113 N j PHYS 123 } PHYS 145 (PHYS 198) f198: ‘Optional i‘blo;):k Clasr?
»| Waves, optics, therno Expt. Phys (1.chr) Review physics & | for missionaries, others who
2 L Calculus Il ) \ WL math Prereq: 121 Eeed to review
FWSt
/ \ A \( ¢
- ~ PHYS 240 PhySci 276
Sophomd \iaTH 302 MATH 313 paye 220 Sci Appar atus Exloraion
3 Adv Eng. Math Linear Alg 9 Desian Fab (2. hn Teaching
.
. / FWSt FS FWSL
v FWSE ¢ FWSpSI :
4 PHYS 127
MATH 314 PHYS 222 1
MATH 303 OR 334
X ) Modern Phys Astronomy
4 [ Diff. Equations } \c/:;liggli S many [ Y
~ ' 7 Fw FWSpSI
FW or FWSpSt \ FWSpSI
Juniol 4 (Engl 316) IP&T 286
MATH 303 OR 33 Technical writ. Instructional
5 Diff. Equations Technology
\ FWSpST
FW or FWSpS FWSpS! .
(Rel. 491) *PHYS Elective (6.0) fﬁﬁﬁi’fﬁw Est)k:f(g 37
6 Science/religion (321, 461, 471 Instruction
Phvs/Matl recommended)
FWSpSI / \v FW
Senio (Rel. 492) *PHYS Elective (6.0) || SCEd 352 PhySci 378 & ScEd ScEd 353
7 gﬁier;&e/;eligion (321, 461, 471 Exceptnl. Ed 379Practic, management Multicultural Ed.
S recommended)
FW FW (See N >3andB.S Ph FWSpSi y FWSpSI FWSpSI
ee Notes #2,3 and B.S. Physics
chart for possible physics (S)fi%g;m
8 electives and prerequisites)

Internshig

FW

Note: Some teaching students prefer to put in reffcet and get the B.S. in Physics while complgtihe teaching courses needed to certify. Another
option is to get the B.S. Applied Physics, andaelee education classes as your emphasis. Thiem® give them the option to teach, continue to
graduate school or work in industry. Contrarytmat the Education Department may say, it is noessary to get a teaching degree to certify tahteac




Undergraduate Research

You should become involved in research as earpoasible. By participating in research you begin to
learn how a scientist does science and how thatfa@ecommunity works. To learn what opportunities
are available you can:
1) See how physics professors are involving undergit@sdu Go to physics.byu.edu then
Undergraduate then Research Opportunities at BY&lk to professors and other students.
2) Attend the undergraduate seminar each yeapwrid get involved in research (this will be
organized and advertised by the Society of Phy&igdents);
3) Attend research meetings (a department segresargive you the times and locations).
4) Talk to the department's Undergraduate Res&2mondinator;
5) Learn about internship programs at other umstihs, including industry.
The research can be interdisciplinary and may wreseésearch groups in different departments.

Physics B.S. students are required to completnar thesi$n a research topic they choose, under the
direction of a faculty member. Applied Physics &g are required to completeapstone projeair a
senior thesis. We also encourage Physics Teashudgnts to participate in scientific or educationa
research (with a possible senior thesis or capgiaject).

Those that complete senior theses usually joirs@areh group as juniors or before.

Research with Faculty

Most faculty members are eager to involve undergases in their research. Contact any faculty
member to find out what opportunities there areyfar (some with pay), and when research group
meetings are held. S&=search Opportunitiesunder the Undergraduate link on our website.

Internships and Research Fellowships Outside of thBepartment

Students preparing to complete a Capstone PrajecBenior Thesis may want to pursue a summer
research assistantship or internship as a medunsadihg your research experience and broadening you
experience by doing research away from BYU.

On the undergraduate page of the department websieahénternship Opportunities page for
descriptions of internships at university, governtnand industrial labs. It also has web linkd thid
be helpful.

If you are looking for summer internships, Janwarg early February are traditionally the time tplgp
(March may be too late).

Physics 416 A and BNriting in Physics

As you plan your thesis and capstone experiencst aigyou will want to take Physics 416 A and B,
Writing in Physicsather than English 318 echnical writing. The Physics 416 course is designed to
help you write your senior thesis, to consolidatanprofessional writing skills, and to develogiif

long habits for writing-in-physics. Take the cawghen your research is essentially completed and y
are ready to write. Instructor consent is requicednroll, to confirm that your research is mostly
completed. Physics 416 is broken into two parenA B which are offered in Winter semester.

Senior Thesis and Capstone Project in Physics ands&konomy
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A senior thesis is required of all B.S. Physicg &1S. Physics/Astronomy Majors, including 2
credit hours of Physics 498R. A capstone prajesenior thesis is required of all B.S. Applied/glbs
majors, including 2 credit hours of Physics 492R98R.

Physics is fundamentally a research science. We tthamk you can really understand what physics
is without doing research and communicating thalteso others. Furthermore, after you graduate, y
will be going somewhere else. Where you go will elep in large measure on what kinds of
recommendations you have and on what experienceisaxe had that make you stand out from the crowd.
Letters written by research advisors are genenallgh more effective than those written by teacbérs
classes. Your research advisor will know you be#ted those who read your letters will give morghe
to the comments of someone who has worked clos#hyau than to those of someone who taught you in
a class. Finally, research is fun. The seniasith@nd capstone projects provide you with oppdstuo
make a significant contribution to science.

Please go tphysics.byu.eduhen Undergraduate to find requirements, deasllitemplates, report
archives and other resources for the capstonehaststexperience and reports.

Financial Support

The Department is sometimes able to give finarszipbort through research assistantships.
Applications are filled out online at the departimerb site for undergraduates. Application deadin
usually come around in August for Fall semestecddaber for Winter semester and February for
Spring/Summer. Applications are online and annednga email. You may want to choose a faculty
advisor and research topic early enough in youojuwear (or beforejo apply for this support. The
BYU Office of Creative Studies (ORCA) also offersignificant number of undergraduate research
scholarships each year, for which applications lileaslcome around two or three times each yeae. Se
their website (orca.byu.edu) for more informatidsiote most research-related summer jobs,
internships, and related opportunities are spo&eby March. January is the time to start looking
seriously for summer research funding!
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Undergraduate Activities and the Society of PhysicStudents

The Department of Physics and Astronomy and thé8oaf Physics Students (SPS) together host
many activities each year to enhance your undeugtacexperience. Besides giving you a chance to
make friends with other physics and astronomy nsagmid the faculty, these activities will help you
make career decisions, get involved earlier inaegein the department, and stay better informeaiab
current events in physics and astronomy.

These activities are announced in all physics grdduate classes. In addition, we regularly send
announcements to all physics majors via the unddugte email list (see pg. 1 to subscribe). Scemak
sure you check your email regularly. You can alsbigformation about activities and opportunities o
our SPS home page, which you can access from fretdeent home page at physics.byu.edu.

You can expect an activity about once a month dufial and Winter semesters. These will include

two or three socials, field trips to labs and higbh industries, and undergraduate seminars. The
seminars might feature discussions of career optiprofessional preparation and employment
statistics, new discoveries in physics and astrgn@meparation for graduate school, and how to get
involved in department research as an undergrad{¥ate are also encouraged to attend the department
colloquia Wednesdays at 4 pm to hear presentatinrgswide range of scientific and educational

topics).

The BYU chapter of SPS hosts a vigorous outreasfrpm for area schools, from elementary to high
schools. It s great fun to bring fascinating physics demonsinatquipment to these classrooms and
assemblies and excite younger students about hggnmore science. The kids and teachers love it, and
you gain valuable experience. Students are encedragparticipate at least once a semester. Check t
SPS web page for details on how to become involved.

We strongly encourage you to become a member ddlseety of Physics Students. With a $20 annual
membership fee, you become affiliated with the Ainger Institute of Physics and receive a
subscription td’hysics Todaythe physics professional magazine, as well #sedournal of
Undergraduate Research in Physiesad theSPS NewsletteiThese publications and electronic
resources will help you keep up to date in theremeand career aspects of physics and astronomy.
Check the SPS web page to find out how to joimgitenal SPS.

At BYU, all our activities are co-sponsored by thepartment and the SPS officers. We collect nd loca
dues, but urge that you join SPS for the excejpeications you will receive. You are invited tb a

the activities regardless of your membership inné&igonal SPS. Once a year new SPS officers are
elected at one of the activities. These officeretmegularly with the SPS faculty advisor (see3)go
plan and carry out activities for physics and astroy undergraduates.

You can also be inducted into Sigma Pi Sigma, tr®hsociety of SPS, if you are in the top 1/3 of
your class, and have participated in physics sempportunities (tutoring, outreach, etc).

Please get involved and enrich the experience & BY yourself and others!
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How Do | Find Out What Is Happening In Physics andAstronomy?

How do you find out about exciting current devel@ms and discoveries in physics?

On the internet: Google “Physics news” orgiysicscentral.comfocus.aip.organd
physicsworld.com.

There is an excellemmail physics and astrononmgws serviceprovided by the American Institute of
Physics. It sends about a page of exciting updates a week. To subscribe, simply send
email tolistserv@aip.org Leave the subject blank and for the message wadd physnews”.
Try it!

The Department of Physics and Astronomy holdsgartment colloquium each week of Fall and
Winter semesters (Wednesdays at 4:00, C215 ESG)spéakers talking about current research. All
faculty members and graduate students participateeise colloquia, and notices are posted near the
department office. Undergraduates are invited amnd@aged to attend, especially when the topi€ is o
interest to you personally. You can usually tedhfrthe announcement how specialized the presemtatio
is likely to be and thereby decide whether it wilit your level of understanding. Get in the habit
checking this announcement each week.

In addition to the colloquia, mamgagazines and journalsggive widely accessible reports of the most
current developments in science. You might r8a@nce Newsr Scientific Americaror Discoveror
another similar publication on a regular basisetrh what is new and exciting in the disciplineuYo

can join SPS and get reduced rate subscriptioggrit® physics journals that will be interesting and
informative.Physics Todays the U.S. physics community’s monthly publicatmn events in physics
throughout the world. We strongly recommend that gbtainPhysics Todayy joining SPS and read it
regularly. Go beyond your textbooks to learn wkdtappening now that you might want to be a part of
in your future work.

Finally, note that research groups in the departineld weekly research meetings or seminars. As you
get acquainted with faculty members doing reseanthapproach the time when you will participate in
an undergraduate research project, ask about mh@aes of groups you are interested in, attend them
for a period to learn what is current in our dempemnt and how you might fit in.
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Planning for Life After Graduation

Because physics and astronomy provides a broadjtmackd, physics or astronomy graduates take
many career paths which are impossible to coves. It it's safe to say that almost all either njdb
soon after graduation or go on to graduate studissme field.

To hear about career and graduate school oppaesigibu should subscribe to the physics
undergraduate email listo subscribesee pg. 1.

Finding a job

Who hires physicists? The American Institute oy$tts has a list of companies in each state thed hi
physicists with a bachelors degrdgtp://www.aip.org/statistics/trends/states/stdte.h

1. Get ideas from the American Institute of Phy§ieseer Services, at www.aip.org/careersvc/ .

2. Register online with the Career Placement CeBtt0 ELWC, early (September) in the academic
year you graduate. Recruiters and students nowefiath other online. Updatethe information
throughout the year, as employers will be searctiirglatabase.

3. Get help with interviewing skills, resume wrgirjob hunting strategies. The Career Placement
Center offers seminars in these skills.

4. Get all the information you can information & firms that you might be interested in from thebbw
and employees.

5. Get experience in the field you are interestedRiesearch or internship experience always helps.

Applying to graduate school

Before you do anythingread the excellent guide to preparing and apphprgraduate schools:
Planning for Graduate Studies in Physics and RelateFields, which you can find on the web at
http://www.aapt.org/Resources/Planning-for-Gradi&ttedies.cfm

There are many types of graduate schools thateayeimerested in physics majors. These include
schools in physics, engineering, computer scidagg, medicine, business, geophysics, chemistry,
meteorology, biophysics and bioengineering, A&bmost all science and engineering schools will
provide you with a teaching and/or research assitsthip to pay for all or most of the costs of grattu
school; don't skip grad school because of finahf@ars. Law and medicine have special procedures
and advisement centers on campus. For the othges)aaal timetable might be:
1. Early in the fall of your last year, start resddng graduate schools. Resources are

a) www.gradschoolshopper.conAlP’s online guide to graduate schools in physind related

fields. Look for other guides for engineering ather schools pro

b) general web searching, university web pages

c) faculty members in the field you are interested

d) first-hand information from visiting the schawltalking to faculty on the phone

e) information the schools will gladly send you
2. Take the entrance exams required in the fatireefou graduate. For most science grad schodls thi
includes the general and specialized GREs.
3. Send for application materials. Apply to seve@ralduate schools. Apply to a spectrum of schaals,
that if one class of schools doesn't accept yoothan class might find you attractive and you wiill
have opportunities to study.
4. Observe deadlindsr applications, letters of recommendation, amdsending admission exam
results. Some of these are as early as Decefmbadmission the next fall, and most will be andary
or February. These are especially important t@folbecausénancial aidis given with acceptance to
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most schools, and when this is handed out, they sapport you, even if they find you a very attrnae
student for late admission.
5. If a school accepts you, ask for financial Helgravel to the school to see if it matches yoterests.

Skills and Attributes of Successful Physicists
The following is taken from the American InstitwtePhysics Publication, Preparing Physicists for

Work (1997)

What do industrial employers look for in a scienti$? (from a major technical consulting firm)
Problem solving skills
Personal impact: ability to work in team environmfpy@mmunicate, personal presence
Drive, aspiration and initiative
Leadership

What skills are most frequently used by industrialphysicists in their work? (From a 1994 survey)
IN ORDER OF FREQUENCY OF USE

Problem Solving

Interpersonal skills

Technical writing

Business principles

Management skills

Specialized equipment and procedures
Statistical concepts

Advanced mathematics

Physics knowledge

OCOoNooGRWNE

What skills are most frequently used by universityphysicists in their work? (From a 1994 survey)
IN ORDER OF FREQUENCY OF USE

Problem Solving

Technical writing

Physics knowledge

Advanced mathematics

Interpersonal skills

Statistical concepts

Specialized equipment and procedures
Management skills

Business principles

OCONGRAWNE

Summary: Physicknowledgas not the most important thing you can learn dtB Learning to solve
problems, work with others in teams and communieegk are the skills that employers value and
employees use most. You can gain all of these ta®hk student if you learn to study with othergew
and speak clearly, and learn how to solve problenasy field. Since course grading typically redsr
only problem solving and physics knowledge, youdeediscipline yourself to acquire the habits of
working and learning cooperatively and of commutangawell. Participating in a research group will
also help you gain these skills.
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Career information and statistics

Knowledge and skillsrated asmportant by physics bachelors 5 to 8 years
after graduation.

Primary Field of Employment

Engineering,
Math & Science Software

Scientific problem solving
Symthesizing information
Mathematical skills*

Physics principles®

Lab or instrumentation skills*
Scientific software*
Knowledge of physics*®

Modeling or simulation

Product design
Computer programming*

Software development*

0 28 50 ¥h 1] 25 a0 ¥h 100
Percent "Very Important"

$,3 6WDWLVWLFDO 5HVHDUFK &HBOWMUYLYH 6 WKBFKHORU

What Do High School
Physics Teachers Teach?

Recently Hired Teachers with Physics Degrees

39%
Exclusively
Physics

Other Subjects
27% Math
Some Physical Science
Physics Chemistry
Biology

Applied Science

The average teaching load is 5 classes per term.

Source: AIP High School Physics Teacher Survey, 2005



Career statistics for Bachelors Degree in Physicsif.org)

Trends in Initial outcomes of physics bachelor’s, classes of

1995-2007

Percent
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40
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1995

A/\/\Employment

Physics or Astronomy Graduate Study
NN
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N\

—/

i
Graduate Study in Other Fields

Unemployment
T

2003

1999

' 1997 2001 2005 2007

Degree Class

Typical starting salaries for physics bachelor’s,

-

classes of 2006 & 2007.
Employer

Private Sector STEM

Private Sector non-STEM

Civilian Govt. incl. Natl. Labs

Active Military

High School Teachers

College or University

30 40 60

Typical Salaries
(in thousands of dollars)

(0] 10 20 50

Figure includes only bachelor’s in full-time, newly accepted positions.

Note: Typical salaries are the middle 50%, i.e., between the 25" and the 75" percentiles. STEM
refers to positions in Natural Science, Technology, Engineering and Math.

Figure 7. Initial employment sectors of physics bachelors.

Private Sector

High School |
Civilian Gov't, FFR&DC” |
College & Universities |

Active Military |

Other |

UQMHPH

Classes of:
[ 1995 & 1996
[ 2002 & 2003

0

10 20 30 40 50 60 70

* FFR&DC: Federally Funded Research and Development Center, e.g. Los Alamos

AP Siatistical Research Center, Initial Emplovment Repori.
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Masters Degrees in Physics

20



PhD Degrees in Physics
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Studying Physics
Most physics majors learn more if they discuss isyand homework with other students. This also
prepares you for the world of work, where you \pitbbably work in teams. The Undergraduate Study
Room, N333 ESC is good place to meet with othesjalsymajors. Ask the department secretary
(N281 ESC) for the code to the door. Make friewiths others in your classes so you can work
together.

Reading and Writing
Reading and writing are important parts of beirsglaolar. Textbooks provide depth, but you will also
want to develop a habit of reading for breadthaAsember of the Society of Physics Students, you
will receive a subscription tBhysics Todaya monthly publication of the American Institute o
Physics. This publication will keep you abreasactivity in the physics community and provide you
with feature articles that will help you learn aw developments in physics. You can also gain
insights from the hundreds of books written by stigts that try to interpret their science for the
nonspecialist.

This business of writing is serious. Someone oaa# 8l write so | will know what | think." You can
understand technical material that is laden witliagigns by just reading it and especially not by
skimming it. You rapidly overload your circuits. &lstudy of science then treats you very badly
because it is hierarchical in structure, i.e. ylwags build on what went before and as soon as what
went before starts to get mushy, there is onlynétéid distance you can go from where you are. To
know what they are thinking, many physicists writbey translate derivations into their own words
and notation, they identify and note things that/tton't understand and try to pinpoint the dittizu
often in the process solving their own misundeditagn Some try to reduce long derivations to an
outline of the key steps. Many physicists fill fmtek after notebook of reading notes that accompany
their study. If you don't already have it, it ig@od habit to get into.

A "reading journal” will be a good place to writatdor yourself the derivations and proofs of the
theorems and major relationships that are the lodsisur study. Your writing in this journal willeb

very informal. As you read texts and listen to Uees, summarize important sections by translating
them into shorter versions in your own words. Wdtevn what the equations mean. Identify and write
down the conditions under which a given result im@ysed. Try to identify and categorize
mathematical techniques that have general applitgabeyond the specific problem that you may be
using to illustrate the technique. Identify andtesdown things that don't seem clear. Can you pimpo
why a thing seems unclear? "Talk" to yourself! Lalokgs up in other books so that you resolve the
guestions you pinpoint.

Physicists also need to develop skills in formating. Proposals have to be written. Reports have t
be written. Communications with other scientistgehto be written. Books have to be written. The
cycle of research is only complete when the resiltesearch are written and published. A common
complaint of employers about employees as theygarfeom the universities is that they "cannot
write." Communication skills, including writing dlg, whether used as a practitioner of sciencesedu
in a career that you have not yet envisioned, seitve you well. Welcome opportunities to practice
writing as you encounter them in the curriculum.
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Physics A and BWriting in Physics

As you plan your thesis and capstone experiencst afgyou will want to take Physics 416 A and B,
Writing in Physicgather than English 318 echnical writing. The Physics 416 course is designed to
help you write your senior thesis, to consolidatanprofessional writing skills, and to develogiif

long habits for writing-in-physics. Take the caushen your research is essentially completed and
you are ready to write. Instructor consent is neglto enroll, to confirm that your research isstiyp
completed. Physics 416 is broken into two parenA B which are offered in Winter semester.

Scholarships
Undergraduate Scholarships Available Through BYU

Brigham Young University offers scholarships tceselstudents who have demonstrated a serious and
diligent commitment to academic excellence. Cortaet-inancial Aids Office for further information
about University-administered scholarships.

The Department of Physics and Astronomy also awartsmber of different scholarships each year.
All of these scholarships are intended for studesitis an excellent academic record and who have
financial need. The College of Physical and Mathieral Sciences also awards a number of
scholarships. When you apply for a department sehbip, you will automatically be considered for a
college scholarship as well.

For more information about these scholarshipsuotiolg how and when to apply, see
gardner.byu.edu/scholarstop the internet.

Join the physics email list to get announcement®abthese scholarships.To subscribesee pg 1.
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Student Employment in the Department of Physics andstronomy
Generations of physics majors have benefited bg@ow positions in the physics department as
teaching assistants, readers, and laboratory astsist

To find out about employment opportunities you stl@aubscribe to the physics undergraduate email
list (see pg. 1)

Types of Jobs

Each semester the Physics Department hires arargber of students to assist in the educational
process. These employment opportunities are vauadtl only to give financial assistance but also to
allow interaction with the faculty, and provide &duhal exposure to physics. This type of exposure
often enhances the understanding of students aiahes their own personal educational experience.
Below is a description of the employment opporiesiind an indication of the duties and the require
background necessary to qualify for each posifidany positions require a depth of understanding
consistent with junior or senior status as a plsysiajor, but there is ample opportunity for studextt
the sophomore and even the freshman level.

Jobs for students in the department include
Secretarial help in the department office
Grading homework and examination papers
Assisting in the department demonstration area
Assisting in the laboratory equipment area
Tutor in the department tutorial laboratories
Laboratory instructor
Laboratory assistant in upper division courses
Assisting in the planetarium
Research assistant with faculty supervision
other positions as needed

How to Apply
Go to physics.byu.edu then Undergraduate then Stitaployment
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Computers

Knowing one’s way around a computer is very imparta a physicist. The machines are everywhere
and do almost everything. Experimental physicises them to control experiments and collect and
analyze data. Theoretical physicists use them tefrend understand physical systems. Teachers of
physics use them to demonstrate physical concéptsally all physicists use them to communicate
with one another. As a physics major you shouldeltgva range of computer skills. Many of these are
generic skills that will serve you well no mattenat career path you follow.

Computers in the Department

The department has a large number of computersngigm personal computers (PCs) to more
powerful workstations (DEC Alphas, Hewlett-Packarets.) and servers. Some are in department
teaching and research laboratories, some are iejh@rtment computer center (N212 ESC), and others
are in the offices or workspaces of faculty andf stembers. Most of these are connected to the
University network and to the Internet. Some ofRi@&s are reserved for teaching purposes, while
others are available for more general use. Mo#tefeneral use computers are either located in or
accessed from N212 ESC. Ask the department seg(&tda81 ESC) for the code to the door.

How Do | Get Access to the Department Network and Hnail?

Accounts on the department networks are availabédl tPhysics and Astronomy majors. To have a
computer account set up on our PC networkcsegputer support on the department webpage.

You can also get help by visiting the CSR office6R&nd, or by phone 422-6776 or 422-7390.

The Department of Physics and Astronomy makes siktemise of email to communicate with students
and employees. Since the University is now progdin e-mail box for all students and employees
through RouteY we expect this usage to increaseeMieurage everyone to regularly check their
RouteY e-maibr have their RouteY e-mdaibrwarded to an account that they do check on a regular
basis. Please subscribe to the physics undergedomil list(see pg. 1).

RouteY e-mail boxes can be accessed through thpusakiosks. They can also be accessed from any
computer that can run a Web browser such as Netswapternet Explorer or a POP-capable email
program like Eudora. If you wish to be able to ascine e-mail or other campus computer facilities
from home it will be necessary to obtain an acceuitit an off-campus ISP (internet service provider)
Visit it.byu.eduto see details and what other technologies anéabl@ato students (see “Products”)

You will also find that some specialized softwas@ised in the Physics curriculum. This software
includes compilers, computer algebra packages, noah@analysis packages, data acquisition and
analysis, and specialized text processing. If sasclia which you are registered requires accessdo t
software you will automatically receive an accoontthe appropriate computer system if you do not
already have one. If you would like access to sbitware for other classes (where it is not regl)iemn
account can also be requested from the computgosusgtaff.

Accounts on the more powerful Unix workstations, ameggeneral, only available with the permission
of the faculty member to whom that system is asgign
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Are there rules | need to know about?

There are several rules that you must follow. Theskide:

1. Itis a violation of the Honor Code to accesmsmit, or store pornography using university
computers.

2. You may not gain access without permission ta dainformation stored on the system by other
users.

3. You may not use software to which you do notehavegal right.

4. You are requested to priomly items that are required by your physics cewvsrk You should be
frugal in the use of this privilege. If materialpanted for personal use, you must pay the departm
Budget Office at the rate of 5 cents per page.deléa not print for friends and associates. If this
privilege is abused and we are unable to contrsiscdhen access to printing will be restricted.
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Technical Support

When you begin to work on your senior thesis ornweu take Physics 450, you will likely do some
work in the physics shops. The performance of modey experimental physics research, as well as
physics teaching, often requires the ability tostarct elaborate and specialized experimental or
laboratory apparatus to measure physical phenomet@monstrate physics principles in class.

To provide the required technical support, the Dpant of Physics and Astronomy maintains an
Electronics Shop, a Machine Shop, and a Vacuum .Shdptime department staff operate and
supervise these shops to give assistance to thkyfand selected advanced students in the
performance of both research and teaching acsviStudents who do research under faculty
supervision in the department, including those wbhaenior thesis projects, are advised on the fuse o
these shops by their supervising faculty member.

The Physics Department Electronics Shop is locaté€l51 ESC. The personnel are trained to
maintain, service, repair, and calibrate most efédlectronic measuring equipment and small
computers in use in both the research and teatdiogatories of the department. The shop personnel
are also trained to carry out limited design anaistaiction of simple electronic devices and
specialized circuits; they also maintain catalags fles of available electronic equipment to aidhe
procurement of new instrumentation. Students cegive instructions on the use and limitations of
instruments and measuring techniques and advit®warto construct simple electronic devices or
make modest modifications.

The Physics Department Machine Shop is locatedl®3NESC. The shop is equipped with metal
lathes, mills, and grinding equipment capable ghtprecision fabrication of mechanical equipment.
These machines are not available for student wloving appropriate instructions and training,
advanced students can be given access to a lath#ing machine, and a drill press in the student
shop area of the underground laboratory north@Byring Science Center. Work is submitted to the
shop through the department faculty or staff memder supervises the student's research program.
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