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Abstract. Some important questions concerning the existence of periodic orbits in chaotic
systems were investigated for the 3-dimensional Rössler system at different parameter values.
While previous studies have classified the periodic orbits by varying only one or two of the
three parameters at a time, the present study made use of optimization to find a continuous
curve in parameter space corresponding to periodic orbits through one specific point in state
space. The set of periodic orbits through the specific point underwent an interesting series of
bifurcations that was different to the unconstrained canonical route described by Feigenbaum.
It was concluded that the idea of classifying periodic orbits by grouping them into sets that pass
through specific points of state space may provide further insight into clustering of orbits and
the apparent relationship between the point dimension in parameter space and the Lyapunov
dimension of the chaotic attractor at the corresponding parameters. Constrained stable periodic
orbits may also have several practical applications, such as electrical timing circuits.

1. Introduction
State spaces of systems exhibiting low-dimensional chaos are replete with unstable periodic
orbits that exist in the midst of chaotic attractors. Ever since this realization, which only took
place in the 1990s, attempts have been made to characterize chaotic attractors via the properties
(such as the characteristic exponents) of unstable periodic orbits [1]. In addition to being of a
fundamental importance to understanding of chaotic dynamics, the properties of periodic orbits
in chaotic systems is also of practical importance, since several methods have been devised by
which periodic orbits may be extracted directly from experimentally measured time series [2].
The detection of periodic orbits in time series data is a good test for determinism and is also a
starting point for many current methods of chaos control [3].

Recently Botha and Dednam [4] conjectured that periodic orbits exist through any point
in the state space of the well-known 3-dimensional Rössler system [5]. The validity of their
conjecture was demonstrated by using an optimized shooting method [6] to find periodic
orbits corresponding to 10 000 randomly chosen initial conditions (x′0, y

′
0, z

′
0), where x′0, y′0,

z′0 ∈ [−100, 100]. (See Ref. [4] for details.) For all the tested initial conditions, the optimized
shooting method was able to determine at least one periodic orbit through each initial condition,
without any exceptions. Furthermore, it was noted that two or more distinct sets of the optimized
parameters (giving periodic orbits) could be found for the same initial condition. In the present
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article, the consequences of this multiplicity of parameter sets corresponding to a periodic orbit
through one particular point will be explored. For simplicity, in our subsequent discussions, we
will refer to all periodic solutions that pass through the same point, simply as a state.

One may thus ask, how many sets of parameters (typically) can be found for a given state?
Could it perhaps be infinite? To answer this question, we consider the case in which a periodic
solution is structurally stable within a given range of parameters. If one changes two of the
parameters, say a and b in Rössler’s system, the periodic solution should sweep its neighborhood
two-dimensionally, unless the direction of sweep is degenerate. Therefore, in general, the three-
dimensional space near the periodic solution may be expected to be fully covered by changing
only two of the system parameters. For this reason, one may at first think that an infinite set of
parameters, for which a periodic solution passes the given state, may exist in a one-parameter
family. However, this is not the case. In general, the periodic orbit undergoes a series of
saddle-node bifurcations, which follow the well-known Feigenbaum scenario [7, 8], i.e. as one
of the parameters is varied, there is a cascade of periodic doubling orbits, eventually leading to
fully developed chaos. As an example, consider the bifurcation of a period-(n-1) solution into a
period-n solution. Initially the period-(n-1) solution is stable. As the single parameter is varied,
it becomes progressively less stable in one direction only, until it becomes unstable, at which
point a period-n solution is born. Immediately after this saddle-node bifurcation, the trajectory
of the period-n orbit can be thought of as lying on the edge of a Möbius strip containing the
unstable period-(n-1) orbit [9]. The unstable manifold of the period-(n-1) orbit lies along the
surface of the Möbius strip. Thus in the canonical Feigenbaum scenario, period-n solutions are
created by repulsion away from period-(n-1) solutions. One would therefore expect a period-n
orbit to have no points in common with the period-(n-1) orbit from which it originated. When
only one parameter is varied, this is indeed the case. However, if one considers bifurcations that
occur when more than one parameter is allowed to vary at a time, then it is possible to obtain
bifurcated orbits with one or more points in common.

2. Model and computational techniques
For the purposes of doing numerical calculations it is useful to write Rössler’s system in terms
of scaled coordinates. First, let T > 0 be some characteristic time in the system and rescale the
time t′ in terms of an unprimed (dimensionless) coordinate t, where t′ = Tt. Here T could be
the period of a periodic solution or, in the case of a chaotic attractor, an average orbital time.
Second, choose a dimensionless scaling factor α ≥ 1, such that x′ = αx, y′ = αy, z′ = αz. In
these unprimed coordinates, the Rössler system is given by

ẋ = T (−y − z) , ẏ = T (x + ay) , ż = T (b/α + αxz − cz) . (1)

The form of (1) has several advantages. First, the scaled coordinates x, y, and z never become
too large, since one can always increase the value of α to ensure that they remain bounded below
a certain threshold. This boundedness of the coordinates facilitates more accurate numerical
integration at large values of the primed coordinates. Second, (1) can be integrated conveniently
over exactly one period T by integrating t over the closed interval [0, 1]. Moreover, the integration
can be done without a priori knowledge of T , which is determined later, together with the other
parameters, via Levenberg-Marquardt optimization.

In the present work we have modified the integration scheme that was previously used
in our optimized shooting method. Instead of the 5th order (fixed time step) Runga-Kutta
method which we used previously, we now employ the Hairer and Wanner implementation of
the Dormand-Prince embedded method of order (4)5 [10]. For the same global accuracy, the
latter method is significantly faster because it employs adaptive time stepping. It also has the
advantage of allowing control over the local relative and absolute errors with dense output.
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3. Results
The idea of clustering of points in the parameter space, corresponding to periodic orbits of (1),
has been considered previously [11–16]. These works considered different methods for generating
peculiar “swallow” or “shrimp” shaped regions of periodic orbits embedded in chaotic regions
in two-parameter space, usually by fixing one of the parameters and then varying the other two.
The “swallows” or “shrimps” then emerged when the maximum Lyapunov exponent was plotted
as a function of the varying parameters. The “swallow” or “shrimp” shaped regions appeared
as universal features of certain continuous chaotic flows [11, 15, 16].

In the present work we establish the distribution of periodic orbits as functions of the
parameters. We therefore consider a random set of initial conditions which is constructed to
have a uniform average density of 100 points per unit volume of state space, i.e. although the
points are randomly chosen, they are chosen so that the point dimension (See equation 11 of
Ref. [2].) of any initial condition is close to 3, which is the dimension of the state space. We then
find the set of parameters corresponding to all possible periodic orbits through the chosen set
of initial conditions. These periodic orbits were found by simultaneously optimizing the three
control parameters and the period. In figures 1(a) and (b) we show two-dimensional projections
of the parameter space of periodic points. In this case we considered 10800 initial conditions
(in the positive half space z0 > 0) of a 6× 6× 6 cube centered on the origin. Only orbits with
1 < T < 50 were sought.

As can be seen in figure 1, the periodic points generally appear to be most densely packed
nearer to the origin, where the system in fact becomes integrable [17]. However, by calculating
the point dimension of a selection of points we have shown that the distribution is non-uniform
and that the point dimension of the parameter space is quite close to the Lyapunov dimension
of Rössler’s attractor at typical parameter values (See, for example, Ref. [18].) This result may
just be coincidental, but it does warrant further investigation. At present we cannot postulate
a reason why the point dimension in parameter space is close to the Lyapunov dimension of the
attractor.

We conclude this section by noting that the found parameter points were all consistent
with previous theoretical considerations that preclude the existence of periodic orbits in certain
regions of the parameter space [13]. For example, in the present case, periodic orbits may only
exist for c2 − 4ab ≥ 0, and with either (i) all parameters having the same sign (as in figure 1),
(ii) a < 0, b < 0, c > 0 and ab/c ≥ c − 1/a − a (not shown), (iii) a > 0, b > 0, c < 0 and
ab/c ≤ c− 1/a− a (not shown).

As explained in the introduction, the bifurcations that occur on orbits passing through the
same point are fundamentally different from standard period-doubling bifurcations. To obtain
such a sequence of bifurcations we arbitrarily chose some initial condition x0 and repeatedly
searched for periodic orbits through x0, by using our optimized shooting method to optimize the
parameters a, b and period T . The third system parameter was not part of the optimization.
After obtaining the first periodic orbit corresponding to (a1, b1, c1, T1), we increased the value
of c by an amount ∆c = 0.001 and used the parameter values a1 ± r11, b1 ± r12 and period
T1 ± r13 as the initial guess for searching for the next periodic orbit. Here the r1j (j = 1, 2, 3)
were random numbers ranging from just under ten percent to just over ten percent of previously
found values of a, b and T . For example, after finding a1, the initial guess for the next a was
randomly chosen from the open interval (a1 − a1/10, a1 + a1/10). Similarly for b and T . This
procedure was repeated for c ∈ [1, 5] and it produced about 10 000 orbits. As the value of
c was systematically increased, the method sometimes failed to find a periodic orbit without
exceeding the numerical tolerance of the residual, which was required to be less than 10−12 in
this calculation. To proceed, we then guessed a period of twice the maximum value that was
obtained at the last successful value of c. With the initial guess for the period doubled, the
method was then once again able to find new periodic orbits and the values for c could once
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Figure 1. Clustering of points in parameter space, corresponding to periodic orbits of a
uniformly dense set of initial conditions. (a) the ac-projection and (b) the bc-projection of
the parameter space. Each figure contains 32243 points, with the highest density of points
occurring closer to the origin, as discussed in the main text.

again be increased systematically. To ensure that all bifurcations were found, we repeated this
procedure several times for systematically increasing and decreasing values of c. In this way we
obtained a complete set of periodic orbits (with 1 < T < 50) passing through x0.

In the remainder of this section we will discuss the periodic orbits through one particular
initial condition, which we have randomly chosen to be x0 = (1.483,−5.182, 0.0548). On the left
hand axis of figure 2 are shown the parameters a and b as functions of c, as well as the stability
µ as a function of all three parameters. More precisely, µ is the modulus of the maximum non-
trivial Floquet multiplier, which has been calculated here according to the method developed
by Lust [19]. Accordingly, a periodic solution is asymptotically stable if the modulus of each
Floquet multiplier, except the trivial one, is strictly less than one. Otherwise, if one or more
of the multipliers is greater than one in modulus, the solution is asymptotically unstable. In
figure 2 we have plotted the unstable orbits as dashed lines. The scale on the right hand axis
gives the periods of the orbits, which are plotted as a thicker green solid or dashed line. For
clarity of presentation we have not included all sequences of periodic solutions that were found.

One interesting new feature of figure 2 is the appearance of unstable periodic orbits,
apparently out of nowhere. Moreover, at certain values of c (for example, c = 2.921, 3.877
and 4.117) one can see that stable orbits become neutrally stable (µ = 1). At such points
there are subharmonic bifurcations from unstable to stable (or vice versa) orbits. Moreover, by
looking at the full spectrum of Floquet multipliers immediately before and after the bifurcation,
we observe that the bifurcation is not of the usual saddle-node type. Thus the period doubling
bifurcations that occur in situations where one parameter is varied without any constraints, do
not appear to be generic, i.e. their basic character is here seen to be altered by the perturbations
that are necessary to maintain the orbit precisely through one point. This is an interesting new
aspect of the bifurcations found here.

Lastly, we would like to emphasize that not all of the transitions that can be seen in figure 2,
from one type of periodicity to another, are in fact bifurcations. In some cases (most notably
at c ≈ 2.2 and 3.75) the transitions occur for discontinuous values of a and/or b. When viewing
figure 2, one thus has to bear in mind that, by definition, bifurcations only occur for infinitesimal
change in one or more of the parameters. The inset to figure 2 also reminds us that the unstable
orbits may in general lose stability in a variety of ways. In this bifurcation diagram, which
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Figure 2. Sequences of periodic solutions through the arbitrary initial condition x0 =
(1.483,−5.182, 0.0548). The left hand axis shows the parameters a (red) and b (blue) as a
function of the third control parameter c. Also plotted as a function of c is the largest Floquet
multiplier µ (black). The right hand axis shows the period T (green) of the periodic orbit, also
as a function of c. Solid lines correspond to stable periodic orbits, while the unstable orbits are
indicated by dashed lines. The inset shows the bifurcation diagram obtained from the Poincaré
section x = 0 for the orbit with T ≈ 47 and over the range c ∈ [3.6, 4.2]. See text for details.

is a Poincaré section on the plane x = 0, we see that the initially stable period-8 orbit (with
T ≈ 47), first decays to a stable period-16 orbits (if they were not stable it would not appear
on the bifurcation diagram) and then into chaotic attractors (which can be see to the far right
of the diagram), as c is increased from roughly 4.1 to 4.2. Also, it is obvious that traditional
bifurcation diagrams, such as the one in the inset, would not obey Feigenbaums universal scaling
laws, simply because these law apply only to situations in which one parameter is varied at a
time. In the present situation, all three parameters are varied at once.

4. Conclusion
The constrained period doubling route to chaos which we have described for Rössler’s system
is relevant to a wide class of systems, the dynamics of which can all be described in terms
of an underlying unimodal map [1]. Here we have suggested an alternative way of looking
at periodic orbits. Instead of fixing one of the system parameters and then considering the
remaining two-dimensional parameter space, we have considered a specific point in the state
space and varied all three parameters to obtain all periodic orbits passing through the specific
point. Our results demonstrate that the periodic orbits correspond to curves in the parameter
space, which are mostly smooth curves, i.e. there are only a small number of discontinuities.
This is an unexpected result. Furthermore, our numerical investigations have revealed that
period doubling bifurcations may not be generic, as was previously thought. We have obtained
the curious result that the point dimension of points in the parameter space, corresponding to
a uniform distribution of initial conditions in the state space, appears to be almost the same as
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the Lyapunov dimension of the attractor at typical parameter values.
Other than being of mathematical interest, our results may also have some practical

applications. There are in fact many practical situations where one may be interested in
imposing constraints on a system. For example, the Rössler system itself has been implemented
in electrical circuits for use in encryption, studies of synchronization, and of course chaos
control [20]. These days systems of nonlinear equations are routinely implemented (mainly
for use in chaos encryption) in field programmable gate arrays (FPGAs), which offer several
advantages over analog electrical circuits. (See, for example, Ref. [21].) There is thus a real
possibility of accurately varying the parameters of a system by changing, for example, resistances
and capacitances of the constituent electrical components. As our results demonstrate, a careful
choice of the system parameters may be used to engineer stable periodic signals of essentially
any periodicity, while always retaining a specific value of the periodic signal. Such signals are
important for making timing devices, where very specific values of a periodic signal may be
required to trigger certain parts of more complicated electrical or FPGA circuits.
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[5] Rössler O E 1976 Phys. Lett. A 57 397
[6] Dednam W and Botha A E 2015 Engineering with Computers 31 749
[7] Feigenbaum M J 1978 Journal of Statistical Physics 19 25
[8] Feigenbaum M J 1979 Journal of Statistical Physics 21 669
[9] Ott E 1993 Chaos in Dynamical Systems (Toronto: Cambridge University Press)

[10] Hairer E, Nørsett S P and Wanner G 2008 Solving Ordinary Differential Equations I:
Nonstiff Problems (Berlin: Springer-Verlag)

[11] Gomez F, Stoop R L and Stoop R 2014 Bioinformatics 30 2486
[12] Castro V et al. 2007 Int. J. Bifurcation Chaos 17 965
[13] Starkov K E and Starkov K K 2007 Chaos, Solitons and Fractals 33 1445
[14] Gallas J A C 2010 Int. J. Bifurcation Chaos 20 197
[15] Zou Y, Donner R V, Donges J, Marwan N and Kurths J 2010 Chaos 20 043130
[16] Prants W and Rech P 2013 Physica Scripta 88 015001
[17] Teryokhin M T and Panfilova T L 1999 Russian Mathematics 43 66
[18] Wolf A, Swift J B, Swinney H L and Vastano J A 1985 Physica D 16 285
[19] Lust K 2001 Int. J. Bifurcation Chaos 11 2389
[20] See, for example, the website called Glen’s stuff: last accessed 10/07/2015 Online at

http://www.glensstuff.com/rosslerattractor/rossler.htm
[21] Qi G, Wang Z and Guo Y 2012 Int. J. Bifurcation Chaos 22 1250287

Proceedings of SAIP2015

SA Institute of Physics ISBN: 978-0-620-70714-5 486


	Proceedings of SAIP2015
	Table of Contents
	Conference Chairs and Committees
	Message from the Conference Chairpersons
	Message from the Review Committee
	List of Reviewers
	Division A – Division for Physics of Condensed Matter and Materials
	Electronic and Optical Properties of monolayer MX2(M= Zr, Hf; X= S, Se) from first principles calculations
	Mahmud Abdulsalam, D. N. G. Moise and Daniel P. Joubert

	Investigation of the introduction and annealing behaviour of the donor-vacancy complex in alpha-particle irradiated germanium
	Abraham W. Barnard, Walter E.Meyer, F. Danie Auret, Phuti N.M. Ngoepe and Sergio M.M. Coelho

	Laser excitation studies and crystal-field analysis of ZnO:Tb3+ and ZnO:Eu3+ powders
	N A Bhebhe, M Mujaji, D Wamwangi, L F Koao and F B Dejene

	Methane dissociation over Pd nanocluster: DFT study
	M.H. Chuma, H.R. Chauke, G. Jones and P.E. Ngoepe

	Effect of background gas and substrate temperature on ZnO:Zn PLD thin films
	E Hasabeldaim, O M Ntwaeaborwa, R E Kroon and H C Swart

	Structural and magnetic properties of NiFe2O4/NiFe bi-magnet and NiFe nano-alloy synthesized from thermal reduction of NiFe2O4
	Itegbeyogene P Ezekiel, Thomas Moyo and Hafiz M I Abdallah

	Electronic and magnetic properties of the (Cr84Re16)100−yMny alloy system
	BS Jacobs, AD Faceto, CJ Sheppard, ARE Prinsloo, PC de Camargo and AJA de Oliviera

	Effect of pH on the properties of ZnO nanostructures prepared by chemical bath deposition method
	L F Koao, F B Dejene and H C Swart

	Phototransferred thermoluminescence andphosphorescence related to phototransfer in annealedsynthetic quartz
	EFM Kombe-Atang and ML Chithambo

	Structure prediction of manganese dioxide nanoclusters using computer simulation techniques
	R R Maphanga, P E Ngoepe, C R A Catlow and S M Woodley

	Synthesis, structural and optical characterisation of cobalt and indium co-doped ZnO nanoparticles
	MW Maswanganye, KE Rammutla, TE Mosuang, BW Mwakikunga, TS Bertrand and M Maaza

	The modified interatomic potentials of FeS2 in atomistic simulations
	M AMehlape, P E Ngoepe and S C Parker

	Néel temperature dependence of Cr + 1 at.% Al thin films on MgO(110), MgO(100) and fused silica
	ZP Mudau, ARE Prinsloo, CJ Sheppard, AM Venter and EE Fullerton

	Characterisation of traditional ceramic materials used in the Sotho culture (South Africa) for clay pot making
	A F. Mulaba-Bafubiandi and P X D A Hlekane

	Iron bearing minerals characterised with Mossbauer spectroscopy at the Mineral Processing and Technology Research Centre, University of Johannesburg, South Africa
	A F Mulaba – Bafubiandi

	Electronic and Magnetic Structure of Cr doped Rutile and Anatase TiO2; an ab-initio DFT+U study
	Winfred M. Mulwa, Cecil N.M.Ouma, Martin O. Onani, Francis B. Dejene

	Exciton energies of chalcopyrites AgAlX2(X=S,Se,Te) from GW and BSE calculations
	GM Dongho Nguimdo and Daniel P Joubert

	Collective Electronic Excitations in Ferromagnetic Metals
	V Nolting

	Dependence of the photoionization cross-section of alpa-Al2O3:C on the measurement temperature
	A. Nyirenda, M.L. Chithambo

	Simultaneous substitution of Ba, Mn and Co into Fe3O4 spinel structure: magnetic and electrochemical sensing properties of the synthesized nanoparticles
	Nadir S E Osman, Neeta Thapliyal, Thomas Moyo and Rajshekhar Karpoormath

	An ab-initio study of the metastability of the boron-vacancy complex in silicon
	Cecil N M Ouma and Walter E Meyer

	Physical properties of Cr78Al22 thin films
	ARE Prinsloo, CJ Sheppard, HA Derrett, N van den Berg and EE Fullerton

	Electrical characterization of undoped and niobium-doped n-type silicon diodes
	M J Thebe, S J Moloi and M Msimanga

	Electrical characterisation of 5.4 MeV alpha-particle irradiated; low doped, n-type gallium arsenide
	S M Tunhuma ,F D Auret ,M J Legodi and M Diale

	A quantitative evaluation of the depth resolution of AES depth profiling of Cu/Ni multilayer thin films using the MRI model
	X.L.Yan, Y. Liu, H.C. Swart, J.Y. Wang, J.J. Terblans

	Study of the interdiffusion in Cu/Ni multilayer thin films by Auger electron spectroscopy depth profiling
	X.L.Yan, Y. Liu, H.C. Swart, J.Y. Wang, J.J. Terblans


	Division B – Nuclear, Particle and Radiation Physics
	High-momentum particle production at hadron colliders
	D M Adamiak, W A Horowitz

	Online energy reconstruction on ARM for the ATLAS TileCal sROD co-processing unit
	Mitchell A. Cox and Bruce Mellado

	Measuring the orientation of the Ge Crystals of the iThemba LABS Segmented Clover Detector
	T. S. Dinoko, T. D. Bucher, E. A. Lawrie, J. Easton, N. Erasmus, S. P. Noncolela, O. Shirinda

	Analysis and quantification of modelling errors introduced in the deterministic calculational path applied to a 2-node problem
	T.P. Gina, S.A. Groenewald , W.R. Joubert , S.H. Connell

	Jet substructure: a discovery tool
	Deepak Kar

	Ambient gamma dose rate measurements at Manyoni uranium deposits, Singida, Tanzania
	K F Kasoga, D A Mwalongo, S F Sawe, M M Nyaruba and U Dammalapati

	An electronics test-bench for the certification of the Tile Calorimeter of the ATLAS detector
	C O Kureba, X Ruan, M Spoor, M Govender, I Hofsajer, B Mellado and C Sandrock

	The search for Dark Matter in association with the Higgs boson with the di-photon decay
	C. O. Kureba, X. Ruan and B. Mellado

	Data processing at The South African Nuclear Energy Corporation SOC Ltd (Necsa) neutron diffraction facility
	D Marais, A M Venter and J Markgraaff

	Status of the measurements of Higgs boson properties with the ATLAS detector
	Bruce Mellado

	Probing new physics in the Higgs sector with effective field theories at the Large Hadron Collider
	Bruce Mellado, Luis March, Xifeng Ruan

	Efficient processing of physics quantities for the Processing Unit for the upgrade of the TileCalorimeter of ATLAS
	D Ohene-Kwofie, E Otoo and B Mellado

	A study of radiation damage in plastic scintillators using magnetic resonance techniques for the upgrade of the ATLAS detector
	C. Pelwan, H. Jivan, D. Joubert, J. Keartland, M. Madhuku, B. Mellado, G. Peters, K. Sekonya, E. Sideras-Haddad

	A Di-Higgs Search in the gamma-gamma-beta-beta' Decay Channel Using the ATLAS Detector
	Robert G. Reed, Stefan Von Bruddenbrock, Deepak Kar, Bruce Mellado

	A Framework Tool for Integrating the Back-End Infrastructure in the ATLAS Detector Control System
	Robert Graham Reed, Bruce Mellado

	GPU-based Computation of Energy and Time for the Upgrade of the Tile Calorimeter of the ATLAS Detector
	Marc Sacks, Bruce Mellado


	Division C – Photonics
	Gene expression changes in diabetic wound healing as induced by photobiostimulation in vitro
	S M Ayuk, H Abrahamse and N N Houreld

	Synchrotron modeling of the gamma-ray to optical afterglow of GRB 130427A and expected neutrino flux
	Jessymol K Thomas, Reetanjali Moharana and Soebur Razzaque

	Novel zincate phosphors: A new red emitting phosphor for LED applications
	Vijay Kumar, Sudipta Som, Somrita Dutta, Hendrik C Swart

	Investigated charge carrier effects in silicon membranes using a femtosecond laser
	WI Ndebeka, PH Neethling, CM Steenkamp, H Stafast, EG Rohwer

	Fluorescence behaviour of Eu doped Gd2O3 nanosheets via CuO incorporation
	Anurag Pandey, R. E. Kroon and H. C. Swart

	A Nonlinear Optical loop Mirror enhanced three wavelength oscillations Erbium doped fiber laser source based on Fiber Bragg Grating reflectors
	S. Qhumayo and R. Martinez


	Division D1 – Astrophysics
	Very-high energy emission from pulsars
	M Breed, C Venter and A K Harding

	Spectral studies of aring quasar PKS 1424-418 above 100 MeV with Fermi-LAT
	Feraol F. Dirirsa, Richard J. Britto and Soebur Razzaque

	The Vela Supercluster - does it provide the missing link to explain the local ow fields?
	A Elagali, R C Kraan-Korteweg and M E Cluver

	A ‘road test’ of ANOVA versus DFT and LS as a period-finding algorithm
	C A Engelbrecht and F A M Frescura

	Optical spectroscopic observations of unclassified Active Galactic Nuclei in the Fermi-2LAC catalogue
	L Klindt, B van Soelen, PJ Meintjes and P Vaisanen

	A Timing Noise Analysis Pipeline for HartRAO pulsars applied to PSR J1326-5859
	Jacques Maritz, Pieter Meintjes, Sarah Buchner, Natalia Lewandowska

	Possible extragalactic astrophysical counterparts of IceCube neutrino events
	Reetanjali Moharana, Richard J. Britto, Soebur Razzaque

	A comparative study of the three empirical solar models in North West Province, South Africa
	T.S. Mulaudzi , N.E. Maluta , V Sankaran and F Nemangwele

	A quasi-periodicity in the optical polarization of the blazar PKS 2155-304
	N.W. Pekeur, R. Taylor, S.B. Potter and R.C. Kraan-Korteweg

	Optical Observations of the Be/X-ray Binary A0538-66
	A F Rajoelimanana, P A Charles, P J Meintjes and L J Townsend

	Rotation Curves and Bars: Accounting for Non-circular Motions in Barred Spiral Galaxies
	Toky H. Randriamampandry, Claude Carignan, Francoise Combes and Nathan Deg

	Studying stellar populations of luminous red galaxies to probe the Hubble parameter H(z)
	A. L. Ratsimbazafy, C. M. Cress, S. M. Crawford, M. Smith

	Implementation of a goodness-of-fit test for finding optimal concurrent radio and -ray pulsar light curves
	A S Seyffert, C Venter, A K Harding, J Allison and W D Schutte

	Numerical modelling of hydrodynamical astrophysical outflows: application using the PLUTO code
	I P van der Westhuizen, B van Soelen, P J Meintjes, S J P K Riekert and J H Beall

	Optical spectroscopy of PSR B1259-63 around the 2014 periastron passage
	B van Soelen, P Vaisanen, I Sushch, L Klindt, PJ Meintjes, A. Odendaal and R. Armstrong

	The unusually strong coronal emission lines of SDSS J1055+5637
	Hartmut Winkler


	Division D2 – Space Science
	Modelling ground conductivity for computing the electric field associated with geomagnetically induced currents using the Finite Element Method. (A mid latitude case study)
	E Matandirotya, P J Cilliers, and R R Van Zyl

	An integrated software based analytical model for the signal path efficiency of the HartRAO lunar laser ranger optical system
	S C Ndlovu, L Combrinck, N P Nkosi and R C Botha


	Division E – Education
	The light bulb effect: University students’ problem solving cognitive processes in a physics problem solving skills test
	C Albers, D Clerk and D Naidoo

	Effect of guided inquiry laboratory activities on first-year physics students’ views on the nature of science
	V M Baloyi, W E Meyer and E Gaigher


	Division F – Applied Physics
	Performance Comparison between the Traditional Intensity Modulation Direct Detection and Coherent Detection in a High Speed Optical Fibre Communication System
	T V Chabata, D Kiboi Boiyo, E K Rotich Kipnoo, R R G Gamatham, A W R Leitch, T B Gibbon

	Monte Carlo based estimation of the effect of different aerosol classes on solar irradiance in African atmospheric conditions
	Marie Chantal Cyulinyana and Hartmut Winkler

	Characteristics and functions of the South African national measuring standard for force
	S T S Dlamini

	Estimation of energy production decrease due to shading for the NamPower rooftop photovoltaic system
	P Dobreva, E E van Dyk and F J Vorster

	Measuring the optical thermometry properties of La2O2S:Eu phosphor material
	L J B Erasmus, H C Swart, J J Terblans and R E Kroon

	Acceleration parameters for fluid physics with accelerating bodies
	I.M.A. Gledhill, H. Roohani, A. Biobaku and B. Skews

	Unfolding the fast neutron energy distribution of a NE230 deuterated liquid scintillator detector using the MAXED code
	M S Herbert

	Fibre-to-the-Hut Technology: A solution for Cheap Access for High Speed-Optical Network in South Africa
	G M Isoe, E K Rotich, R R G Gamatham, A W R Leitch and T B Gibbon

	Time of Crossing in Pulsed Eddy Current Signals
	B Kibirige

	Electronic tracking system for quantum cryptography and radio telecommunication
	M Mariola, Y Ismail, A Mirza, F Petruccione

	Open-Source electronic board designed in South Africa for Africa
	M Mariola, F Petruccione

	Analysis of homogeneity in thin film photovoltaic modules using large area light beam induced current (LA-LBIC) measurements
	M Okullo, F J Vorster, E E van Dyk and J L Crozier

	Enhancing light absorption and lifetime stability of organic solar cells using pentacene encapsulation
	F Otieno, K Kamalakannan, M Airo and D Wamwangi


	Division G – Theoretical and Computational Physics
	Density functional theory on a lattice: Particlenumber dependence of the exchange-correlationpotential
	Kossi Amouzouvi and Daniel Joubert

	Non-universality in a constrained period doubling route to chaos for Rössler’s system
	André E Botha and Wynand Dednam

	Simulating cyclic loading of atomic-sized gold tips on gold surfaces via classical molecular dynamics and density functional theory transport calculations
	W Dednam, C Sabater, M A Fernandez, C Untiedt, J J Palacios, M J Caturla

	Quasi-normal Modes for Spin-3/2 Fields
	Gerhard Erwin Harmsen

	Thomas Rotation and Quantum Entanglement
	JM Hartman, SH Connell and F Petruccione

	Security of quantum key distribution
	Mhlambululi Mafu

	Security of the Bennett 1992 quantum key distribution protocol in the presence of noise
	Mhlambululi Mafu, Makhamisa Senekane, Kevin Garapo and Francesco Petruccione

	One and Two Dimensional Models of Dye Adsorption for application in Dye Sensitized Solar Cells
	N.E. Maluta, N. Mphephu, V. Sankaran, T.S. Mulaudzi, F. Nemangwele

	Molecular dynamics studies of Schottky and Frenkel defects in cerium dioxide
	Thabiso Lekoko, Thuto Mosuang, and Erasmus Rammutla

	A phenomenological description of the bath and its effect in photosynthetic light-harvesting systems
	JA Nöthling, TPJ Krüger and T Mancal

	Neutrino mass hierarchy and CP phase measurement using atmospheric neutrino flux
	Soebur Razzaque

	Projection operators in the theory of open quantum systems
	V Semin, F Petruccione

	Hypothesising the effects of Higgs portal dark matter in particle colliders
	Stefan von Buddenbrock





