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Undergraduate Program

Leaming programme 3: Astrophysics (4344)

In this leaming programme Astrophysics ks prasentad together with Physlcs. Duing undergraduats stedies, the modules In
Astophyslcs ane resoume based modules presented by the University of Sowh Africa (UNISA) and count 12 credits each
(mespective of e |35t number In the code). Students who have successfully completed their studles can pursue postgraduate
stufies In basic Physlcs with Astrophysics modules which can lead to @ MSc and PhD degree In Physles speclallsing In
Astophysics. Caresr posslbiifies Include that of astronomer (astrophysicist) 3s well as physkis? (se2 leaming programme 1).

fea Semesier | Semesier 2
1 | Compulsory
- A=tronomy FEK134 FEx1ed
- Piryzics FEK114 FEx124
- Mebemaiic W12 W12
- Compuler Liemcy BREIN BRE1N
Oz module per semester from:
- Chemisky CEM114 CEM124
- Compuler Isformalion Syslems RIE114 or REE134 RIETM or RIEE144
- Geokgy GLE1M GLE124
- Matemafical Solsic WES114 WHE12L or ETH1 24
I | Compulcory
- Asbonomy [year modubes) LET2S1, ABTZ32, AST235
- Physicz FEKZ14+FER232 FER22d+FERaLT
- Mafhemafics and Spplied Wi 242
Mefbemafics
Emcugh modules to obtain 36 credits from:
- Mafemabcs snd Appled WTW214, WTWZ34 WTIW254 WTWZ24, WThEEd
Maf-ematce
- Chemisty CEMZ32, CEMI4 CEM243, CEMZ2A
- Compuler Information Sysiems RE214 REEZM, RIZ264
- Geology GLE212, GLGE214 GLGE2E, GLGZM
- Mafhemabical Sinifics WES21E WHE2N
3 | Compulsory
- &strnomy (year modules) AETH, ARTAES
- Piryzics FEES14+FEEII2+ FEEI24+FEK342-
FEKIE2+FERITI Pl 362+FERIED
- Mabemafics and Applied W3S
Mefemabic
Dptienal:
- Commurily =emice l=aming NECIHZ [ymar module)
" Students choosing tis leaming programme must apoly to UNISA during ihelr first year and register during their second year to
take the AST-modules. The module codes at UNISA giffer slightiy from thosa at the UFS 3s Tollows:
UFS AET251 | AETIS5 | ART2S2 | ABT3M | AET3SS
UMESA | ASTI65 | ASTIGS0 | ASTIGSZ | ASTITHY | ASTITSS
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F5K154 {18 cradits) - Introductory astronomy

[Dapartment of Physics)

Three one-hour lectures per week during the first semester.

One examination paper of two houwrs.

The sky a5 a celestial sphese, Includng the vislbiity of stars and constellations; Cycles of the moan, the seasons and echpsas;
Hellocentric universe and Kepler's laws of planetary motion; Stars, their types, siruchure, spectral classMication and the Herizsonng-
Rus=s2ll diagram; fomation, evolution and death of stars; neutron stars and Diack holes, Galaxes and the Milky way, The b4 bang
and the age of Me universe; Asironomical measurements and techniques applicable to muli-wavelangth astronomy.

After successiul compietion of the module the student will be able ta:

a) defne baslc astronomical femms and explain phenomena associated wim the motion of the earh and moon.

b} describe and Interprat the laws qoverning motion of the planets.

¢] describe the birth, evolution and death of stars.

d) describe the structure and basic properties of galaxles, and the theory of the bikg bang.

el Interpret data abtained from diferent wavelength soservations (mut-wavelength astronamy).

F5K164 {16 cradits) - Principles and Practics of Observational Astronomy

[Dapartment of Physics)

Three ane hour leciures per week during the second semesbar,

Si¥ praciical 5e56l0NE during the second samestar

One TWo NOUT EX3m Paper.

a) Astronomical Instrumentation: Telescopes (Radio, Infrared, Optical, X-ray and Gamma-Ray)

b} Telescope Opbics (Resoiing Power and Magnification).

¢] Astronomical Ooservations and Measurements: Phatometry, Spectroscopy, Parallay measurements {0 determine distances fo
E1ars.

d)  Introduction to e Celestal Sphere, Basics of spherical geometry.

el Coordinate systems: Equatonial (RA-Dec), Alt-Az system, Ecliptic coondinates, Galactic Coordinates, Sidereal Time.

f|  Introduction to Celkestial Mechanies (Two Body problem).

g) Introduction to practical CCD photomedry.

After successful compietion of the module the student shoui:

»  Apply the basic principles of obsenvational astronomy In problems and practice wiith astronomical Instrumentation, Le. disCuss
and diferentiate betwesn diffiersnt astronomical instrumentation, apoly theoretical concepts of sphercal gonometry o
praciical problems In positional astranamy.

»  Apply basic Meoretical concapds In practical apolications.



Foundations of
Astronomy
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Observational

Astronomy -

D.Scott Birney Guillermo Gonzalez David Oesper




FEK3IT2 (B crediis] — Radlative procasses |

[Department Physics)

One lechure per week during the first semesier.

One examination paper of two hows.

Fundamemnials of radlabive fransport, inbensity, adative momenum and banster, thermal radaton, the Binstein cosMclents,
Bcalterng eMecis rAndom walks and radlallve diffusion. & bisT Inbmeduction of ediadon isdds, review of Maxwsll's equations. Plane
gleciromagnetic waves., Eleciromagnetic potenilals. The radiabon of mowing charpes: the Lamor formula, Thomson scatiering,
radiaton from hamonicaly bound chamges. Intneducton of relatvistic mechanics, emission of relatvistic particles, Invanant phase
volumes and speciic Imensity. An Investigation of the fundamentals of radiaton propagating through a magnetized plasma, 2.g.
Introducing the plasma freguency, Faraday nolation and Cerenkoy radlation, the Razin effect.

After successiul completion of the module the succ=ssMul student should:

3}

b}

hawe a3 s0lkd and useshle background in the fundamentais of radlabton tramsport and radiaton of Individusl charnged pahcss,
and be Tamillar with the concepis of adlaihes Nux, spscific nbEnsty, @Adiatdve ransier, thesmal aEdlation, the Elnstein
coefModents, scatiering sMeciE (random walk) and radlatve difusion, the basic radiabon fields, Maxeesll's eguations, plans
electromagnetic waves, retarsed potentials for single chamges, veloclty and radiation fields, radiation of non-relativistic sysiems
of particies, Thomson scatterng, 35 well 3s radiaton reaction and the radiaton of hammonicaly Dound particies as 3
mechanical model fior the emission of bounded panickes, Towr-vechors, ard the riabvisic expressions for the fields of changed
particies and s0me basic proparties of relatvisiic mechanics;

hawe the necessary background 1o 50iwe Dasic problems In this discipline, and apply basic concepts 10 s0le proolems nelated
to radiation transport In astrophysical environments like siellar aimospheres and molecular ciouds and SUPSMoOyYa remMnanis,
the propagaton of electromagnetic waves In 3 non-conouchng and conducting medum, the power radiated by notating
magnelic objects (puUisars) and accelerated single changed particies and oscillating Mpoées, relativistic mechanics.

F5K382 (8 credits) — Radiative processea Il

[Dapartment Physics)
One lechure per week during the second semester.
One examination paper of bao haurs.

The emission of single speed elecirons In the vicnly of 3 massive nucleus, thermal bremsstrahiung emisslon, relativistic
bremsstrahiung, synchrotron emission, expressions for the total emitted power, beaming, Compton and Inverse-Compton scatiening,
Cross section, energy transfer and spectral regimes, atomic structure (review of the Schrodinger equation and fundamentais of
atomic physics), Zeeman effect and hyperfine structure, thermal distribution of lonized energy levels leading to the Saha equation,
radlative transitions (Miine relationsjand line broadening mechanisms, e.q. Doppéer broadening, natural broadening and collsional
broadening mechanisms.

After successful completion of the module the successhul student should:

3l

B

hawe a useable background in the fundamental aspects of radiation processes of single changed particies, and be famillar with
bremsstraniung, the basic properties of synchrotron radiation, Compton and Inverse-Compion scatberng, atomic processes
related to radiation, e.g. Zeeman spltting, hyperfine structure, the Saha equation and radiafve transiions and Ine broadening
mechanisms;
have the necessary background bo solve basic problems In this discipine, and apply fundamental concepts Introduced above i
solve basic problems related foc bremsstrahlung, synchrotron radiation of single parficles, Compion and Inverse-Compton
radiation, atomic processes related to radiation and radiation transport.



Graduate program

(%] Physics — Study Cods 4518

A stndent must hawve achieved an average mark of at least 60% In (FEK314 + FEKI32 + FSK352 + FEK324 + FoK342 + FSK362) o
guallty for admission to the Honours degree. The Departmental Chalperson may grant pemission for admission 1o the Honours degrae In
exceplional cases. The programme commences In middle January and students must apply for admission with the Departmental
Chalmperson Defore thal date.

The curicwum Is composed In consultation with the Departmental Chalrpersan from the modules listed bejow. The complete cumicuum
must consist of at keast eight modules, plus the practical modwie FSKS52 which |s compulsory. Each module must be Ingependently

passed.

The lﬂE'gI'E'E' can b2 offered ower more than one yaar. FEEDQEIIIETE modules from other ELI[HB[‘-‘l l:liﬁﬂplrlEE can ako be offered In
consultation wilh the Departmental Chalrperson.

Modules Cradits
FSEEI - Cuantum Mechanics” 16
FSKEEIZ - Solld State Physics I 16
FSKEEDS - Reseanch Technigues 16
FSEEDL - Mathematical Methods af Physics 16
FSKEDS - Solid State Physlcs 11 16
FSKEDIGE - Sambcornducions” 16
FSEEIT - Slatistical Physics 16
FSEEDIE - Elscrodyramics 16
FSKEI9 - Materials Sclence | 16
FSEE1OD - Katerals Sclence I 16
FSEE11 - Elecimonics” 16
FSKE1Z - AsiTophysics 16
FSEE13 - Capia Seiecia [ 16
FSEE14 - Capita Seiecia I 16
FSEEIZ - Reseanth essay” i v

Mot all these topics are necessanly offared In 3 given year.
* Stugents wanting to do an MSc In Surface Physics ane strongly recommanded 10 register for these Coursas.
MB. Successhul completion of all e necessary Honours modules of the Mational Astrophysics and Space Science Programme [MASSP)

jwww.star.ac.za) will be recognised by crediting the student with FSKEZS (120 credis), the only reguirement for BScHons [Mational
Astrophysics and Space Sclence Programme). These stugents should register under study code £580.
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unssP consortin NASSP

University of Cape Town

University of KwaZulu-Natal, Durban Campus

University of KwaZulu-Natal, Pietermaritzhiira Camniis

University of the Free State NASSP Steering Committee
North-West University, Potchefstroon

University of Zululand

Rhodes University Catherine Cress Thebe Medupe

University of the North West, Mabatu Campus . .

University of South Africa Peter Dunsby Pieter Meintjes

Un@vers!ty of the W_estern Cape Mike Gaylard Adri Burger

University of the Witwatersrand

South African Astronomical Observatofiystin Jonas David Walker

Hartebeesthoek Radio Astronomy Observatory

Hermanus Magnetic Observatory Peter Martinez Patricia Whitelock
Derck Smits Pierre Cilliers

Fabio Frescura
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UFS NASSP Students

* Uganda (2 M.Sc,
2 PhD)

* Rwanda (1 M.Sc,
1

PhD)

* UCT (1 M.Sc,
PhD In
Southampton)

* Stellenbosch

02/01/13
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http://www.uct.ac.za/
http://www.nu.ac.za/department/default.asp?dept=physicsdund
http://roger.phy.unp.ac.za/
http://www.uovs.ac.za/faculties/nat/physics/default.asp
http://www.puk.ac.za/physics/Physics%20Web/Main/Main.htm
http://www.uzulu.ac.za/
http://www.ru.ac.za/academic/departments/physics/
http://www.uniwest.ac.za/
http://www.unisa.ac.za/
http://www.uwc.ac.za/index.php?module=cms&action=showfulltext&id=gen11Srv7Nme54_6466_1219764531&parent=gen11Srv7Nme54_6513_1210050427
http://www.wits.ac.za/physics/atwits.htm
http://www.saao.ac.za/
http://www.hartrao.ac.za/

NASSP Students at Boyden
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Galactic to Extra-Galactic

Ambient photon
or synchrotron
photon




Research

Multi-wavelength astrophysics of
galactic and extragalactic
accretion driven systems:

Cataclysmic variables

‘Super Soft X-ray sources
‘Gamma-Ray Binaries

‘Search for blazars and other
active galaxies among
unidentified sources detected by
EGRET and Fermi gamma-ray
satellites

‘Gravity wave signatures in
astrophysical processes




Multi-Wavelength
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Multi-Wavelength
Astrophysics

VISIBLE

HIGH-ENERGY
INFRARED LIGHT o - >

MICROWAVE 1 X-RAY
RADIO “ ‘ E GAMMA

CWAVELENGTH _5,000,000,000 0000500 750 05 00005 nanometers

ENERGY 0000000248 0.124 248 496 2480 2,480,000 _electron volts
Tem = 10,000,000 nanometers
]
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UFS: Active centre for multi-
wavelength astrophysics in SA
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Utilizing Existing Infrastructure
in South Africa

SALT

Sutherland




Other International Facilities

Ll o B % R 5 =" e . . =

CTIO - 4.1 m SOAR Telescope




Other International Facilities

‘

VLT - Cerro Paranal



Chandra

XMM-Newton

Swift
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Gamma-Ray

CGRO-EGRET (100MeV-20 GeV) Fermi-LAT (100MeV-300 GeV)
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UFS-High Performance Computing Facility

* Coded in Fortran, 64bit Intel compiler

* To speed things up this is run on one
of the 8 CPU node at the HPC at UFS

*26 x Dell 1950 Nodes with the
following configuration:

*2 x Intel Xeon Quad Core CPUS (8 Cores
Per node)

*8 - 16GB Memory

*Upgrade

*17 x Super Micro nodes with the
following configuration:

*4 x AMD Opteron 6174 12-Core CPUS
(48 Cores per node)

* Thanks to Albert van Eck

30



From 2013 - HESS I
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CTA Concept: 50-100 mixed telescopes

- ‘”

A Main array of 10m class
elescopes over 1 km? area
1 (210 TeV
telescopes

Low-energy section
ex : 4 x large telescopes

%

High-energy section
with a halo of telescopes
on 10 km? area

ex : ~ 20 telescopes

-




UFS-NWU-WITS consortium
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Getting the Public Interested




Phil Charles







R26 million digital planetarium-UFS-Free
State Covernment Collaboration
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Metcalf- 10 inch-open evenings!!!
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WATCHER 16 INCH
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14 inch Celestron-Student
Training
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