Ex/PHY/TE/202/20/2019
M.Sc. Physics (Day) 2nd Year, 1st Semester Examination, 2019
Dynamical Systems ( PHY/TE/202 )
. Time:Two hours o Full Marks:40

Use separate answer script for each group

Gr-oup A

Answer any two questions from Group A

1. {a) Consider a two dimensional linear system described by,

S b |
éf:Ax, where A = a and x =
dt c d y

b s

Analyze the equation and classify the fixed points, depending on the
determinant A = det(A) and trace 7 = trace(A).

(b) Find the fixed points of a nonlinear system deseribed by,

dx

dz dy _
dt

3
=T ’ &ﬂd =
T4z dt

—2y.

Use lineariza,tion, and hence study the sta.bility of the fixed points.

~ Show the flow lines in the = — y plane. B (6+4)

2. Consider a one dimensional dynamical system given by,

T=rx4+ 2z -5

(a) Find algebraic expression for fixed point(s) as r varies.

(b) Analyze the stability of fixed points for different r and sketch the

vector fields for relevant values of r.

(c) Calculate ry, the parameter value, at which non-zero fixed points

appear in a saddle-node bifurcation.

(d} Find the potential V (z) for the sysﬁem. Calculate the critical value r,
such that for 7 = r, , V(z) has tH;‘ee equally deep minima. Analyze
the nature of Vi(z) when r ~+,. (2 +34-14+{1+3))



3. (a) Using a simple generic equation of your choice, explain ‘subcritical

Hopf bifurcation’.

(b) In the two dimensional dynamical system given by, # = {1~ r2), § =
p—sin @, a bifurcation occurs as the value of the parameter y changes.

Find the critical value y, and identify the nature of bifurcation.

(c) Obtain the fixed point(s) of the one dimensional maép Zn+1 = €Os xn
By cobweb construction, establish the stability of the fixed point(sj.

(3+3+(2+2))

GROUP - B
Answer any TWO questions

1. Find the ratio of the average kinetic energy to the average potential energy of the osciﬂaiior
- under the action of the restoring force given by F = —kz®, where k is & positive constant (the

averages should be evaluated over a complete time period).
Marks: 10

2. Consider the dynamical system given by the equations & = y and § = ~k(2? — 1)y — w?z, with
k> 1. Find the approximate time period of the limit cycle.
Marks: 10

3. (a) For the dynamical system given by £ = 2 - y— z(z* + 5*) and j =2+ y - y(a* + yﬁ),
identify a region in phase space that contains a closed orbit and comment on its stability.

(b) For the oscillator & + Az — Bz +2° = 0 with A > 0, what kind of bifurcation occurs when
the parameter B goes from negative to positive values, -

Marks: 5 4+ 5 = 10
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Use separate answer script for each group

Group A

Answer any two questions from Group A

Consider a two dimensional linear system described by,

. : b
(—i§=Ax, where A = ¢ and x = z

dt c d y
Analyze the equation and classify the fixed points, depending on the
determinant A = det{A) and trace 7 = trace(A.).

Find the fixed points of a nonlinear system described by,

dz

ax dy
dt

=~z +2°, and it 2

Use linearization, and hence study the stability of the fixed points.

Show the flow lines in the = — y plane. (6+4)

2. Consider a one dimensional dynamical system given by,

i =rz+azd -5

(a)
(®)

(c)

5

Find algebraic expression for fixed point(s) as r varies.

Analyze the stability of fixed points for different r and sketch the

vector fields for relevant values of r.

Calculate r,, the parameter value, at which non-zero fixed points

appear in a saddle-node bifurcation.

(d} Find the potential V (z) for the sys";;em. Calculate the critical value r,

such that for r = r, , V(z) has tH,xﬁee equally deep minima. Analyze
the nature of ¥(z) when r 7. (2 +3+1+(1+3))
3. (a) Using a simple generic equation of your choice, explain ‘subcm’tic{zl_

Hopf bifurcation’.

(b) In the two dimensional dynamical system given by, # = r{1~r?%), 6=
p—sin@, a bifurcation occurs as the value of the parameter y changes.

Find the critical value y, and identify the nature of bifurcation.
(c) Obtain the fixed point(s) of the one dimensional map Zn1 = cos xn

By cobweb construction, establish the stability of the fixed point(s}.
(3+3+(2+2))

GROUP - B
Answer any TWO questions

1. Find the ratio of the average kinetic energy to the average potential energy of the oscillator
under the action of the restoring force given by F = —ka?, where k is a positive constant (the

averages should be evaluated over a complete time period).
Marks: 10

2. Consider the dynamical system given by the equations & =y and § = ~k(a® — 1)y — oz, with
k>» 1. Find the approximate time period of the limit cycle. :
Marks: 10

3. (a) For the dynamical system given by & =z - y — 2z + 5y%) and § = 1+ y - y(z* + %),
identify a region in phase space that contains a closed orbit and comment on its stability.

(b) For the oscillator & + A% — Bz +2° = 0 with A > 0, what kind of bifurcation occurs when
the parameter B goes from negative to positive values

Marks: 5+ 5 = 10



