| e

‘, ;
| .
|“ A
. i

: ; 2 io the spring constant.
where e is an ensrgy parametsr proportionz - REERe b : ;
Us@%m thiz problam. - , :
i : ;
| a) Find the nonrnal modz frequenciss. T .
I
.b) Dascribe (qualitatively) the normal mods motions and assign ihe irsquUencies
of part (a) to them. (Ii you prefar, you may use physical 'ﬂJEJUg ents rather

than a full rnathama 1ch analysis.) / " :
s tas E '

"’Tr,=.¢ \‘.;'__.',""i"ﬂ(-'jé—:},:\' A \Zm b E-'}E_ 2, \L\,ni ; Y,
I 2 e—gl B

L

N . A
. 1 i . & B I vy ’ T e
+ J.Z ‘{: i'_). ] (")'\ NSy — >0 f?) . : ) ;

IR T WP J {cu‘ﬂ = T é\
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t Show by any method Lhu.L the [bllowing is a canonical transformation:
Q= 2/qapr In g,
r = 2/ap1 lnm,
Py = /qapa,
B = an.

./Consider the Hamiltonizn [rom the last problem set: ] %

baq'l —at [ N ‘[q
2 e (G'T'U.e ) [] 2

1

!
H=:——bgpe®+
. L0

where o, b, @ and k ars constaats.
Consider the transformation:

Q=g P =p-abge™™

(a) Show:'that this.is a ‘canonivzl transformation by showing ‘the SYDJPIECH‘: condition for the
Jacobian matrix is salisfied. i tb)
(b) Find the generating fuaction (note there will be explicit time dependen

istant.cE-the nohm.
(Y- Fmd the new I:’a,l_ultoman {unclion and show that it is-a‘constant- tof-the

— . o T e

Gwen—tlte Hzmiltonian H'= g1 — @202 + g} — bg3, where a and b are conslants:
(2} One obyiqus conatant of motion is H itself; Show thal I’ = g,¢» and G = (p1 + aq1)/q2 are
constauts of the molion,

‘(la Find-gy(t) and g2 (t) using the initial condilions g; (¢ = 0)
P1{t): andzp(t) without further integration using G = aa.

‘1_1#"‘
Plobl—ﬂnh‘\‘; £

=/ and ¢a2(i = 0) = B5. Hence, find

_(c) Can there La auy other constant of l.he motion which is explicitly independent of time 7 Explain

your allswer:

1 .
Problemﬁ ; Consider a particle moy ing in 2

potential V(x.v. ) expraceed i Toriesian coordi-
na,ies L e e

(2) By direct- eveluation in terms of cauomical veriables show that the Poisson bracket of tlie com-
pvonents of the angular Uiomenl:um vector L = r X p satisfies

- [Lz, Ly] = L.; [Lys I’Z] = Lx;. and {L, LI] = Ly.

(b)lf'lz(x,g,,,,)—-p 2]\f\rharr-:r = 2% 4+ y* +

, show tha.t Lz aud Ly are conslants of motion
using Poisson bI'E-CnEtS ' .

(c) Gwen the restlts of (2) and (b) find another constant of motion (other than H).

1
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(c)The tent map is represented by

X+ = 20X, for0<x<Y%

X1 =201 — Xp) for e<x <1 e

Show analytically that the Lyapunove exponent for the tent map is A= In(2a)

And discuss the dynamical behavior in term of o.
|«
. l .

Q4: The moment of inertia of a uniform square sheet of side a and mass m in
the xy plane and one corner at the origin along the diagonal is %‘: 4 =]

ma? —ma? 0 D

3 4
[= -ma? ma? 0 .__l\:r .

4 3

0 0 2ma? : }

3 _l‘\r' .

e \ v

a) Find the principal moment of inertia of the square sheet about a “
S

cormer.
b) Find a set of principal axis associated with the smallest principal

moment of inertia.

‘Good Luck

| (ﬁ%-*‘*‘@w
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Q3: Determine the natural frequencies of small oscillations and the normay

for two equal length b and two equal masses m connectéd fo a spring of

: Elm.gmm&as shown. The spriiig is un stretched in the equilibrium
position. Consider: m = p = g=1.

GOOD LycK

!

_,é au.f) }uwﬂn
F 9 V.;.ﬁl‘di

#,, i
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BIRZEIT UNIVERSITY
Physics Department
Physics 334

Second Exam Date:24/5/2018 Time: 1.5 hours

Instructor: Dr. E Badran

Ql: A bugcrawls outward with constant speed v1 along the spoke of a wheel
which is rotating with constant angular velocity o about a vertical axis.

a) Find all the apparent forces acting on the bug.
b) Find how far the bug can crawl before it starts to slip given the (7 points)

Q2: The three principal axes of a tennis racket are (1) along the handle, (2)
perpendicular to the handle in the plane of the string and (3) perpendicular to the
handle and strings.The moments of inertia are in the following relation

I1 < I2 < I3,When a tennis racket is tossed in the air with a spin in the direction of
either axis (1) or (3), the racket continues to spin uniformly about the initial axis
and can be easily recaught. However, if the initial spin is around axis (2), the
motion rapidly becomes irregular, and it is hard to catch the racket. Explain this
behaviour by studying the stability.(7 points).
Q3: a) Show that the inertia tensor for a square plate of side a and mass m in
coordinate system Oxyz where O is at one corer of the plate and the x and y axes

ma%/3 —ma®/4 0
along the two edges. I = | —ma®/4 ma?/3 0 S

0 0 2ma®/3

b) Find the angular momentum and kinetic energy of the above plate if it is
rotating about the diagonal.

¢) Find the principal moments of inertia .

d) Find the principal axes associated with it.(8 points)
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through a potential function th«t is equivalent to two springs of stiffness

: 6
K, as shown: Use tle coordina'es x;, x5, and x;. H 4
f 1 i i i i @l\
7 ‘Weite the kinetic and potential energy in matrix form.

/%) Find the nataral frequey.<ies and the normal modes (do not
. — —_— "y .

U

Al f!;_ i
«'ﬂ- Aol S CE

U %
. -’“"'/’j 453 fy UJJ/UJ
}fmf-LULuM#L’”"”"ﬂ/ e 2 | r
ff“ 4 25 O faa g A g
BIP.ZEIT UNIVLF{SIW S Do
7
Physics Dept. 2 i’)’\9
Dr.Estna'el badran g - O M %‘
Final BExam Physics 334 2" semester 2014/2015

QI: A rocket is fited from the ground toward East umh initial velocity v,
~ atan angle @ above the harizontal and at a Iattuae 2. o

Assume that the height of the rocket t trajectory is much smaller than the

radius of 1, th - G2y P ] 4 L)) o Sl ol ub iy
. Yl oi’)'ﬁg earth? *s rotation, how long wﬂlthe rock be mthe air,

d how far does it 1and"

quesuons as above. ’

‘,33) Iin'which diréction and by how much is the i ’ ‘ 7
dJIechon‘? . - '

Q2: Linear motion of a tri atomic
molecule. As an example CO, molecule
canl be modeled as shown. For

~ simplicity consider only motion in one
dimension, the x axis. The two end f
particles, each of mass m, are bound to the central particle, mass M, A

nogmalize {hem).

)} What is the physical meaning of the normal modes.
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BIRZEIT UNIVERS}—Y
Physics Departinent

Firsi Exam Date:24/3/2018 ) Time: 75 min. -

= | . instructor: Di. E. Badran

. Ql: For a charged particle of mass m, and charge ¢ is moving in the xy _ .
_ plane. The particle is subjected to an electromagnetic field, with vector
| potential 4 = By(~p/2 ,5/2,0) and scalar potential @(x)=-Vpx . Then, the
‘ l * Lagrangian can be written as L=
l . o L=T- gqo-!—(q/c)Av )
, ‘ - = Where v is the velocity in the Xy plane and c is the speed of light.
A. Find the equations of motion.
B. Find thecandnical momentum in each direction.
C. Find the Hamiltonian.

. Q2: Two identical bobs of mass m are

hanging from strings of length . The two 1 | ;
pendulums interact with each other through ' :
the another supporting string as shown and |
we assume that the mechanical energy of -

= the system is conserved. The interaction i ' .
between the two pendulums is modeled as

L‘zf:. —Mng f%ﬁal :

* a) Write the kinetic and potential energy in matrix form.

=
s onfh

:. b) Find the natural frequencies and normal modes of small oscillations

¢) Discuss the physical meaning of the normal modes.
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Physics Department

raé ﬂ@ Daje:16/3/2010

First Exarn ¢ f "
hours * flé’
n (U
4o 0o Instructor: Dr. E. Badran
¢ -’(‘ 1<
Q1: A spring of rest lengin_l:EL (no tension) is connected GEERSHPROTASIARNS
end and has a mass M attached at the other. Neglect the mass of the
spring, the. gjlmensmn on of the mass M, and assums that thie motion is_
confined to a vertical plane. Also. assume that the spring only stretches
without bending but it can swmg in the plane. T T {H
! i
J—
1. Using the angular dlsplacemant of the mass from the vertical and the {
length that the string has stretched from i IIS rest length (hanging with the ‘{5
mass m), find Laaranae s equajlons ]
t
L’

2. Solve these equations fro small stretching and angular displacements

3. Find the Hamiltonian and set up-Hamilton equations

Q2: a) Define chaotic system and how does your definition relate sensitivit
to initial conditions ‘o LI::pUﬂOV eVponent i
——

‘a-!_j?f ¥
/Cons:der a partlcle influenced by a force of the form {3 /‘\ ) 3N \
. ] /\@ \r\g:?é( U == (J
F{X) = - Kx + A AR & w\,\
Tt ad 77 1
For /\ >0, where the sysLem could be considered hard or soft, T:r" ’

Dr?\: a phase Portrait for this motion. What is the maximum energy and
Still have a pound motion. What is the period of small oscﬂ!atlons "

e

.trg\')%},}:;t?d the systemn ym-, -1 ——yy_,j With. @ﬁ and 0<y<2 can _bc
o the logistic map.¥.., —-crx,,ﬁ-xul_,y subW CX +d.~” ¢
e

Findy, ¢, din ter,
rms of ¢r. Fmdtheﬂrs”fthtee Mt_](ﬂgfor the system. « -

Scanned with CamScanner



: Consider a ﬁ'i_gig_nhlis_s_ puck on a horizontal turntable that rotates
counterclockwise with a constant angular velocity . Ignore the rotation of the

)5‘-9 Earth In a_coordinate system attached to the turntable with the origin on the
rotation axis the puck has initial coordinate (x0,0) and initial velocity (vs, v).
Dfetermme the subsequent motion of the puck on the turntable given by x(t), 1(1).
Hint: It is convenient to consider the variable s = x+iy (8 points)
I
@ . S\
-+ A rod of mass 7z and length / is suspended from two =
massless springs with a spring constant k as shown in the figure.
)?Z (Note: the gravity force does not need to be included.) K k
- i3
Xi 3
Show that the kinetic and potential energy for the system in I
terms of displacements from equilibrium position of the two ends of the rod x;
and x2. . %
AJD mea -2 1 2 2 1 2
T = 3 (Xf + 2%, + %2) and V(xy,x,) = Ek(x1 +x3),where] = Eml
. B) Find the natural frequencies.
7 1
] _/€) Find the normal modes and give a physical explanation of them. (10 points)
:_/(f e N
@ ) f\f r'\:L X
\b’ p \\ . £ %
: Disscus thémotion of a string when the initial conditions are { <F X

b%/ q(x,0) = %, 4(x,0) = 0. Find the characteristic frequencies and calculate \//\ %
the amplitude nth mode. (8 points) . -

L
: TTTX
f q(x,0) sin—dx
o L

\/\I/é&;ﬁ}'uck ®
Chaat) fgal A‘(\, 2 )b sink (% Kj/;’ X
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D)l . {w——z\-f’{f \2’(_3&.'
v BIRZEIT UNIVERSITY
SL 1) = 3'_1‘! J{ g Physics Department
: L

Final Exam -0 Lt Date:18/6/2014 Time: 150 m |

Instructor: 'Dr. E. Badran

€= (You have 45 points and the Jull mark is 40) !
Va N D

The three principal axes of a tennis racket are (1) along the handle, (2) perpendiculas
e handle in the plane of the string and (3) perpendicular to the handle and strings.
The moments of inertia are in the following relation It < /> < J. |
' 7 v When a tennis racket is tossed in the air with a spin in the direction of either axis (1) ‘
\ ?7 ] or (3). the racket continues to spin uniformly about the initia] axis and can be easily \
/ recaught. However, if the initial spin is around axis (2), the motion rapidly becomes
' -irregular, and it is hard to catch the racket. Explain this behaviour by studying the
stability. (10 points) ' '

QZ2: A rod of mass 2 and langit /15 5u3pERaed ficin tWo massless
springs with'a spring constant & as shown in the figure. (Note: the
gravity force does not need to be included.)

<

j; &

S 8

2 =

: < :
%k A) Show that the kinetic and potential energy forthe system in = |-

LS ) terms of displacements from equilibrium position of the two
'){\\_}‘L\{\\}\\\h ends of the rod x, and x..

'),kc‘- 1

. T S Ao ia _ 2 g '
- T_EQEL"'%{%_"%Q_ andV(x%,xz)—-zk(al +x35), where ' & |
Tg B) Find the ngtural frequencies. E @Q_ \& ;

C) Find the normal modes and give a ph)}sical explanation of them. (12 points)

i_\

|

S r
- -.;,..,_.,...F' i, ~

A Bk

: i Consider a frictionless puck on a horizontal tuntable that rotates tr < \ ! _‘
\ ounterclockwise with a constant angular velocity €. Ignore the rotetion of > MX <i ) ! !k
0} the Earth. In a coordinate system attached to the turntable with the origin on —_— ;L

%

the rotation axis the puck has initial coordinate (x5,0) and initial velecity (v, [
\5 v,). Determine the SHbSﬁQE‘?_I}LIEQt_iQE?f the puck on the turntable given by .
x(t), y(t). Hint: It is conveniefif To consider the variable s = X1y (10 points)

Y,
c | RN
%’{) | Ry TR o ‘(X,'PQ‘ e
Iy Ly, 7\\' é,‘\f\)@%l%;\gﬂ%l}
o N\ T —
. . vt . ( - ’—\* :
: 3y

L
y
I

- ]

—_ R —_
5 AL < _if

—— R i m—
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SIRZEIT UNIVERSITY
Physics Dept.
Physics 334 _ |
| Spring 2005/2006 |

First Hour Exam )
Time:1:15 Hours i Date: 4/4/2006
i

1)  a) A geodesic is a line that represents the shortest path between
any two points when the path is restricted to a particular surface.

Find the geodesic of the cylinder. J—)Zd & + C] 2% 21 ;-_f el

e ;Zg_& s b? Show that the time invariance in the Lagrangian is associated
71 with the conservation of Hamilton — Jaccobi function. How is this . « ,__54,

conservation is associated with energy conservation.
= J

.

. ;\13} A double pendulum of equal lengths, Biit not equal masses as

? BZ shown, considering small oscillations only: .
’f-..-- LL = l Py G -,2 e
) . , __f;'m‘ (_g, 3 "{‘stw'?_l;{ (Gi A CCE e ot
) Show that < 4 ;E?,@y&_\}

g

b) Find the natural frequéncie¥ of the systern, 2

¢) Find the normal modes. .- ] :
d) Give physical sketch of the normal modes, =~

5 , 5 &
C[_,. = ,_c}\ V - pgl G ;w,_j,i(@f—:,cgg) e
N =) .

J-one e ad . :
(l—“' C,Va'f/) Cééfq’gl) 5 !-' \‘L‘S‘

& %_9@ 8 @gg@zv@f

X
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BIRZEIT UNIVERSITY ,(Q\e’
Physics Department

sz

Einal Exam Date:31/5/2018 Time: 150 min

is

Instructor: Dr. E. Badran
( The exam ln@oints and the full mark is 40)

Q1: A disk of mass m and radius is 2 mounted in the

iddle of massless rod of length 7. The plane of the disk -
ilted by an angle 6 away from the normal to therod. / §

itially the disk is at rest tilted up, as shown in the ?/ .)

figure. Att = 0 it begins to rofate around the axis of

the rod with an angular velocity  in the direction

shown. The rod is supported at the two ends and forces

F, (t) and F,(t) are such that it rotates without wobble with a constant angular
4

veloCity .

A) What are direction of the principal axes of inertia of the disk?

B) Calculate the principal moments of inertia of the disk?

C) What are the components of the angular velocity @ in the body frame of

-

reference?

D) Determine the torques needed to keep the disk spinning without wobble?

E) (10 points)

0? Consider a cube placed ona flat table with one face directly in front of you.

A) Find the matrix of rotation-which represent the following displacement of

m—
— woak VR

ybe is rotated by E/_?l_ about the .
y'the cube is rotateﬂy /2 abo new X axis.

ind the axis and rotation angle that will accofnjalish the same displacement in

xsingle rotati

- &

W. sih'gﬂa%(fs points)

e/l /tm
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Vi
ons and the normal_ﬁ

ne the naiural frequencies of small oscillati

Q3: Determi |
<o two equal lengtn b and two equal Masses M connectéd to a spring of
spring consta as shown. The spring is un siretched in the equilibrium
position. Consider: m = b=g=1 =
-+ e {7 _
ﬁ o) _:,wau!.ci\'i
17 D vintd
.
GOOD LUCK
l:Q ¥ 7) i @,.‘iD
T %,
v (2
- 2
(exd ) \
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Physics Department
Final Exam

Date:31/5/2018 Time: 150 min

Instructor: Dr. E. Badran

( The exam has 44 points and the full mark is 40)
Q1: A disk of mass m and radius is a mounted in the
middle of massless rod of length I. The plane of the disk
is tilted by an angle 6 away from the normal to the rod.
Initially the disk is at rest tilted up, as shown in the
figure. Att = 01t begins

to rotate around the axis of ¥
the rod with an angular velocity @ in the direction

shown. The rod is supported at the two ends and forces -

F, (t) and F (t) are such that it rotates without wobble with a constant angular
velocity .

A) What are direction of the principal axes of inertia of the disk?

B) Calculate the principal moments of inertia of the disk?

C) What are the components of the angular velocity

w in the body frame of
reference?

- D) Determine the torques needed to keep the disk spinning without wobble?
E) (10 points)

Q2: Consider 2 cube placed on 2 flat table with one face directly in front of you.

A) Find the matrix of rotation which repres

ent the following displacement of
the cube

1) The cube is rotated by /2 about the y-

2) Then the cube is rotated by /2 about the new X axis.

B) Find the axis and rotation angle that will accomplish the same displacement in

a single rotation about a g._ingle axis. (8 points) |
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BIRZEIT UNIVERSITY

[—UC/}”") | {'-{—dm N L _ . — A =
( h) ] * Physics Dept. \/-Z '”Cl\g‘(’ s Otj ¢
Second Exam _____ Physics 334 2" semester 2014/2015

Q1: A quarterback in American football C \\ \\ /

throws the ball in such a-way that it appears ———=="
to “wobble” z= S rather than spinning smoothly as it fli ~ this

problem assume that the football can be treated as an axis metric
' having ) = I, = 2L, where the(23)dxis is the long axis of the football.
/ Assume farther that the foothall is released wifh a rapid spin, i.e., @3 #0,
_ where w3 1s the component of the football’s angular velocity along the és

__— bodyaxis. w = xE3 Co, 07t ), _
2—-2) What does the wobbling motion indicate? In particular what does it

-imply .about .the other (&, and &)’ compo
 required here.) = L o ok
b) Expressing vectors with respect to the body fixed axes, &1, & &,
derive three equations that relate the components of @ to one another and
10 the moments of inertia Iy, Ly Is. :

c) If the football is spinning rapidly, then one can assume that

3 >> @ 1.2. Use this assnmption to derive an approximate expression for
@ as a function of time. Find the period of the wobble in terms of I; = b,
15, and 3.

nents of & (No calculation is

aS="=ka
----

-‘?—&’_k Q2: If a particle is projected verﬁcaH;\upward to a height % ab ove the e
ground a point on earth’s surface at a northern latitude A, show that it £§
w a point (413)o(8K/g)"” cosh to @ Note:

T — NS

neglect air resistance, and consider only small vertical Heights.
'—--'_-_-_—_-_F-_ - -

= JE. LT3 - o
Qj B 'L\Gﬁfﬂ— ~ 7.3 1
i '1\>J’3 ' ©3

v__\_)" t Ot \
z }c, N < \_,.,-_

. ag b . eD
C GE gk - S TS )
- l__ . 3 . 44 . ‘g

.| . ‘qg\g luwn [
- 17 Y
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Q3: Part one: The tent map IS represented by the following interaction:
| 13 182

Xyay = 20%, . for 0 <x < 3

i :
Lper = 2a(1—x5) fe'rg <x <1 A

" Where 0 < & < 1.

a) Plot the bifurcation diagram for the tent map starting
. =03 and x= 03,_9_{!;, Et’: 0.5

b) Find analytically the Lyapunov exponent. And how it is related to your
bifurcation diagram.

Part two:

a)Define chaotic system and how does your definition relate sensitivity to
initial conditions'to Poincare surface? ’

. b) Consider a particle influenced by a force of the form
F{zy= —ix+ex*
F 01%: < 0, where the system could be considered hard or soit.

Good Luck
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BIRZEIT UNIVERSITY

Physics Dept.

Second Exam Physics 334 2™ cemester 2016/2017

e

X i
Q1: A pendulum of length L and mass m is connected to a 1; pazies
block also of mass m that is free to move horizontally on a W
frictionless surface. The block is connected to a wall with a
spring of spring constant k. For the special case where AR

-";-= % = w, , determine: .::'m‘ :

(a) The frequencies of the normal modes of this system for @ i
small oscillations aroundthe equilibrium positions.

() The moticn of each of the normal modes.

Q2: Consider a frictionless puck on a horizontal turntable that rotates
counterclockwise with a constant angular velocity Q. Ignore the rotation of the Earth.
In a coordinate system attached to the turntable with the origin on the rotation axis the
puck has initial coordinate (X,,0) and initial velocity (vy,Vy)- Determine the subsequent
motion of the puck on the turntable given by x(t), y(t). Hint: It is convenient to
consider the variable s = X+y

Q3: : Part one: The tent map is represented by the following interaction:

1
Xp41 = 20%, for0<x< 5

1
Xpeg = 20(1—%,) for-i A < &
Where 0 < a <1

a) Plot the bifurcation diagram for the tent map starting
%, = 03and x= 03,04,52,0.6,05
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BIRZEIT UNIVERSITY

Physicsf Department
Phbsics 334
First Exam - Date:11/4/2018

Instructml': Dr. E Badran

Q1: A particle of mass m and electric charge g moves ina

influence of a central potential ¥(r) and a constant uniform niagnetic field B,

perpendicular to the plane, generated by a vector potential
=

A) Write the Lagrangian of the system.

B) Find the Hamiltonian. 4

2:A simple pendulum consisting of a mass m and weightless string of

length / is mounted on a support ¢f mass M which is attached to a horizontal spring

with force constant & as shown in Fig..

a) Set up the Kinetic and pez2ntial energy in
matrix form. ~ -

b) Find the frequencies for small osciilations.

c) Find the normal modes

d) What is the physical meanring of the normal

'\ modes |

|

i
[/ -

|

L w(AY A )VC\V(V\ - }{ %Du)K —

. ) v ] 'L [y .
R S— e o Eiri.

T 9 (,e_g_.fr'%a)

a;u?kv

- (¢ U/
/ﬁ_———-—/“
A v/

ﬁ\,_-,.ﬁ—v. Wiy j

plane under the fg’ =zt

=

A {7
- L;:S\r‘:
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ti the s ential energ
/. A reasonable mathematical model for the syster pot Tergy ,\

of the form

‘ i a mass as ' 1
(fQ; Consider a coupled torsional pendulum of spring and \

V= il HUPY + exl
Where x is the downward displacement of e\‘“
the mass from its equilibrium hanging position, ‘
@ is the angular rotation of the mass from its

angle when hanging in its equilibrium position,

and the coupling ¢ is assumed to be small.

8 Give 2 brief physical justification for the coupling between x and @
“,é" used in this mode]. T ..

P " b) Find the_ natural frequencies and the normal modes.
¢) Normalize the normal modes,

d) Give a brief Physical description of the normal modes.

————=eription of the normal mo,

|

(7 points)

Good Luck
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BIRZEIT UNIVERSITY

Physics Dept.
Second Exam Physics 334 2" semester 2016/2017
\éA pendulum of length L and mass m is connected to a P & o>
block also of mass m that is free to move horizontally on a fii "
frictionless surface. The block is connected to a wall with a N
spring of spring constant k. For the special case where Ll

J% = \E = w, , determine: ,‘;nl ‘
(a) The frequencies of the normal modes of this system for @ - "
small oscillations aroundthe equilibrium positions..
yhe motion of éach of the normal modes.
Q2: Consider a frictionless puck on a horizontal turntable that rotates
counterclockwise with a constant angular velocity Q. Ignore the rotation of the Earth.
Tn a coordinate system attached to the furntable with the origin on the rotation axis the '|

s mm——

; o 1At s T
puck has initial coordinate (x,,0) and initial velocity (VxsVy)- Determine the subsequent

‘motion of ﬂlé—fa_ﬁck on the turntable given by x(t), y(t). Hint: It is convenient to I‘.
comsider the variable s = x+y '

Q3 : Pari one: The tent map is represented by the following interaction:

1

Xppqp = 2%, for0<x< 2

1
Xpp1 = 20(1—xy) fori <x <1

Where 0 < a < 1.

a) Plot the bifurcation diagram for the tent map starjti_gg_
%, =03 and x= 0.3 ,0.4,5.2,0.6,0.5

051
_—
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BIRZEIT UNIVERSITY T T >
Physics Depariment K V_\f: \ /’)II -
o Physics 334 T
First Exam Date:17/3/2011 " Time: 1.5 hours
. Instructor: Dr.E Badran -
. T
. i, B g v G . \
/_te Full mark is 20 the exam has 24 points } a_ Yo ,@"/— = f}
‘ Lonsuierthe Lagrangian of the form CZFL CN] = O -
PR ) S Y -
L =2\(tmyg’ - % kg) a‘t&

ﬂ) Find the equation-of motion and what does it represeiit™

b) Is there any constant ot motion %_ ) ; L T\’EJA

¢) Use the point transformation s = &7 ¢ and find the new 51/ =5

La:,rancuan in term of s. =
5

§ - . . -
d) Is there ary constant o4 mation 1 the new formulation Gi ==

(7T oiats )
Q2: Part ong *A particle of mass m moves along

energy

he x-2xis with potential

Vix) =7 i’ %’af,x
'z) Find the frzed po: :nts and their stability.
b) Sketch the velocity-phase space portrait showing the
possible types of motion. Point out elliptic and hyperbohc
poirts and the separatrix.
c) This system represents hard or soft chaos, and why‘?
Part two:
For an eleciron wov
field of the form

FZ B, [1 +7 (cos Zn/a 1.608 7-92/0)]2:: . ‘UI* A B

In the Tast pacre shotwn the PO_II\,:::. e surfa“e of section and-four-

1n° ut Lhc xv plans in the presel o2 of the magnetic

trc.jectones S Q % 4] ><
_Q'I.l“StlD 18: o
7_\6’1) If one of the X's 1s +1 ?. and tyyo others i Zero what is the last one
“=—"and why~ gandi Ploas ’j_\
2) Discuss the sensitivity of the rmtIaI?and relate the trajectorics to the < )
surface of section. ' @
(10 points) : T
[ ': _-"l T
pod | NN
i £l

; .

._
I
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BIRZEIT UNIVERSITY
Physics Dept.

Second Exam Physies 334 2" senester 2016/2017

Q1:A bug crawls ontward wifh constant speed v along the spoke of 2 whea! which is
rotating with constant angular velocity & about vertical axis.

A) Find all the apparent forces actinj; on the bug?
B) Find how far the bug can crawl before it start to slip, given the coefficient of
static friction . (6 points)

Q2: Show that the moment of inertia of a uniform rectangular sheet of sides @, 2a and
mass m in the xy- plane and one comer al the origin along the diagonal is

4ma? -ma? 0
3 2
-ma? ma® ll{
== 5 0 , = ]g
o o0 = \%
A) Find the angular momentum and kinetic energy, when it is rotating with l&“(, \
angular velocity @ about the diagonal through the origin. |
B) Find the angular momentum and kinetic energy, when it is rotating with 5

angular velocity @ about the z — axis.
C) Find the principal moment of inertia of the rectangular sheet about the

COITET. Sf)fs

D) Find the direction of the principal axis of the largest principal moment. =
(10 points)

Q3: The three principal axes of a tennis racket are (1) along the handle, (2)

perpendicular to the handle in the plane cf the string and (3) perpendicular to the G

handle and strings.The moments of inertia are in the following relation L3S
heh<DB \Y

When a tennis racket is tossed in the air with a spin in the direction of either axis (1) _“5'

or (3), the racket continues to spin uniformly about the initial axis and can be easily
recaught. However, if the initial spin is avound axis (2). the motion rapidly becomes

irregular, and it is hard to catch the racket. Explain this behaviour by smd-,‘;ngge”)
stability. (6 points) : 2 &

S =Y, JWI'"%) (T,-T2) 5

T T, Good Luck ' AT
- = !
A EmE
i, = T v ’7%
3 - hj‘ 33 -Ty) (34 -Tv)
T~
ey 1'
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Q3: Consider a frictionless puck on a horizontal turntable that rotates
counterclockwise with a constant angular velocity Q. Ignore the rotation of the
Earth. In a coordinate system attached to ihe turntable with the origin on the
rotation axis the puck has initial coordinate (x0,0) and initial velocity (Ve v)-
Determine the subsequent motion of the puck on the turntable given by x(8), ¥()-
Hint: It is convenient to consider the variable s = x-+Hy (8 points) ' \

m and length [ is suspended from tWo
ant k as shown in the figure.

d to be included.)

Q4: : A rod of mass
massless springs with a spring const

(Note: the graviyy force does not nee

energy for the system in |
|
|

A) Show that the kinetic and potential
rium position of the two ends of the rod x1

terms of displacements from equilib
and Xz

m 1 4 2 1 %
T= 3 (X2 + %1%z + %2) and V(x1, Xp) = 3 k(x? + x%),where I= —ﬁml |
B) Find the natural frequencies.
C) Find the normal modes and give a physical explanation of them. (10 points) - |

Q5: Disscus the motion of a string when the initial conditions are

q(x,0) = f(—i‘;:x—), q(x0) =0. Find the characteristic frequencies and calculate
the amplitude nth mode. (8 points)

2 (t _TTIX
u,,=—-_[ q(x,O)sm——dx
[y L

2
w,L

Good luck

Vr':'—

L, TTTX
J q(x,0) sin—— dx
0 L

_gxed [ AL
e ﬂc—sleﬂ 9 sinnm
h*n* L
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BIRZEIT UNIVERSITY

Physics Dept.
Phvsics 334

a) A geodesic is a line that represents the shortest path between
any two poinis when the path is restricted o 2, particular surface.
Find the geodesic of the cylinder. 'ZCJ 6 A - .57 ¢

-G 2 L b) Skow that the time imvariance in the Lagrangian 18 associated .
’C” ) with the conservaiion o1l £ Hamilton — Jaccobi function. How 13 LL_.lS C‘ . P
l conservaiion is E‘_SbDCIB.L'Sd with energy consery atlop = L?.,
2 ) " A double pendulum of &q qual lengths, but not equal massss as
'a"" =7 "é’” shown, considering sm*nl oscﬂla’uons only: , , , .z
3 =~ L e Ao »
3 ; T = hfxé’, 5 /M,,_j Ci A& N
' . ~ a) Show that ; “;)"f :;ic_.
£ ©, 1 A (= _ ) o ‘
{:%i - _‘:LL\ Voo Le v .Mm{( L “N¢
v - > .b) Find the natural r_reqaencms of the s3 y:.tem s
MY ¢)" Find the normal modes. -~ 2 T W At 3
d) Give physical sketch of the normal *nodcs . : P \\“
. ! ’“'&,--’ ':‘;'_.3,
AL WY
{ —~CDE Cﬁ@)
! ([—" 'féa'}{’}t ) + RN
P UCK
gy Heeg 8 (&) 550}} 5
2 Y 5
-( Cn &)
o
i W
v
b{) Cony &, + ﬁ &
i ) —_———
YT A &) _
- \ .
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(c)The tent map is represented by

X+ = 20X, for0<x<Y%

X1 =201 — Xp) for e<x <1 e

Show analytically that the Lyapunove exponent for the tent map is A= In(2a)

And discuss the dynamical behavior in term of o.
|«
. l .

Q4: The moment of inertia of a uniform square sheet of side a and mass m in
the xy plane and one corner at the origin along the diagonal is %‘: 4 =]

ma? —ma? 0 D

3 4
[= -ma? ma? 0 .__l\:r .

4 3

0 0 2ma? : }

3 _l‘\r' .

e \ v

a) Find the principal moment of inertia of the square sheet about a “
S

cormer.
b) Find a set of principal axis associated with the smallest principal

moment of inertia.

‘Good Luck

| (ﬁ%-*‘*‘@w

Scanned with CamScanner

1)( \?(\/1/\1 J(' A




lz.
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' P :r-c!_'p 2

A

¥l

t Show by any method Lhu.L the [bllowing is a canonical transformation:
Q= 2/qapr In g,
r = 2/ap1 lnm,
Py = /qapa,
B = an.

./Consider the Hamiltonizn [rom the last problem set: ] %

baq'l —at [ N ‘[q
2 e (G'T'U.e ) [] 2

1

!
H=:——bgpe®+
. L0

where o, b, @ and k ars constaats.
Consider the transformation:

Q=g P =p-abge™™

(a) Show:'that this.is a ‘canonivzl transformation by showing ‘the SYDJPIECH‘: condition for the
Jacobian matrix is salisfied. i tb)
(b) Find the generating fuaction (note there will be explicit time dependen

istant.cE-the nohm.
(Y- Fmd the new I:’a,l_ultoman {unclion and show that it is-a‘constant- tof-the

— . o T e

Gwen—tlte Hzmiltonian H'= g1 — @202 + g} — bg3, where a and b are conslants:
(2} One obyiqus conatant of motion is H itself; Show thal I’ = g,¢» and G = (p1 + aq1)/q2 are
constauts of the molion,

‘(la Find-gy(t) and g2 (t) using the initial condilions g; (¢ = 0)
P1{t): andzp(t) without further integration using G = aa.

‘1_1#"‘
Plobl—ﬂnh‘\‘; £

=/ and ¢a2(i = 0) = B5. Hence, find

_(c) Can there La auy other constant of l.he motion which is explicitly independent of time 7 Explain

your allswer:

1 .
Problemﬁ ; Consider a particle moy ing in 2

potential V(x.v. ) expraceed i Toriesian coordi-
na,ies L e e

(2) By direct- eveluation in terms of cauomical veriables show that the Poisson bracket of tlie com-
pvonents of the angular Uiomenl:um vector L = r X p satisfies

- [Lz, Ly] = L.; [Lys I’Z] = Lx;. and {L, LI] = Ly.

(b)lf'lz(x,g,,,,)—-p 2]\f\rharr-:r = 2% 4+ y* +

, show tha.t Lz aud Ly are conslants of motion
using Poisson bI'E-CnEtS ' .

(c) Gwen the restlts of (2) and (b) find another constant of motion (other than H).

1
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: ; 2 io the spring constant.
where e is an ensrgy parametsr proportionz - REERe b : ;
Us@%m thiz problam. - , :
i : ;
| a) Find the nonrnal modz frequenciss. T .
I
.b) Dascribe (qualitatively) the normal mods motions and assign ihe irsquUencies
of part (a) to them. (Ii you prefar, you may use physical 'ﬂJEJUg ents rather

than a full rnathama 1ch analysis.) / " :
s tas E '

"’Tr,=.¢ \‘.;'__.',""i"ﬂ(-'jé—:},:\' A \Zm b E-'}E_ 2, \L\,ni ; Y,
I 2 e—gl B

L

N . A
. 1 i . & B I vy ’ T e
+ J.Z ‘{: i'_). ] (")'\ NSy — >0 f?) . : ) ;

IR T WP J {cu‘ﬂ = T é\
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LBy

Ea—
k,a ) U gy 7

through a potential function th«t is equivalent to two springs of stiffness

: 6
K, as shown: Use tle coordina'es x;, x5, and x;. H 4
f 1 i i i i @l\
7 ‘Weite the kinetic and potential energy in matrix form.

/%) Find the nataral frequey.<ies and the normal modes (do not
. — —_— "y .

U

Al f!;_ i
«'ﬂ- Aol S CE

U %
. -’“"'/’j 453 fy UJJ/UJ
}fmf-LULuM#L’”"”"ﬂ/ e 2 | r
ff“ 4 25 O faa g A g
BIP.ZEIT UNIVLF{SIW S Do
7
Physics Dept. 2 i’)’\9
Dr.Estna'el badran g - O M %‘
Final BExam Physics 334 2" semester 2014/2015

QI: A rocket is fited from the ground toward East umh initial velocity v,
~ atan angle @ above the harizontal and at a Iattuae 2. o

Assume that the height of the rocket t trajectory is much smaller than the

radius of 1, th - G2y P ] 4 L)) o Sl ol ub iy
. Yl oi’)'ﬁg earth? *s rotation, how long wﬂlthe rock be mthe air,

d how far does it 1and"

quesuons as above. ’

‘,33) Iin'which diréction and by how much is the i ’ ‘ 7
dJIechon‘? . - '

Q2: Linear motion of a tri atomic
molecule. As an example CO, molecule
canl be modeled as shown. For

~ simplicity consider only motion in one
dimension, the x axis. The two end f
particles, each of mass m, are bound to the central particle, mass M, A

nogmalize {hem).

)} What is the physical meaning of the normal modes.
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BIRZEIT UNIVERSITY
Physics Department
Physics 334

Second Exam Date:24/5/2018 Time: 1.5 hours

Instructor: Dr. E Badran

Ql: A bugcrawls outward with constant speed v1 along the spoke of a wheel
which is rotating with constant angular velocity o about a vertical axis.

a) Find all the apparent forces acting on the bug.
b) Find how far the bug can crawl before it starts to slip given the (7 points)

Q2: The three principal axes of a tennis racket are (1) along the handle, (2)
perpendicular to the handle in the plane of the string and (3) perpendicular to the
handle and strings.The moments of inertia are in the following relation

I1 < I2 < I3,When a tennis racket is tossed in the air with a spin in the direction of
either axis (1) or (3), the racket continues to spin uniformly about the initial axis
and can be easily recaught. However, if the initial spin is around axis (2), the
motion rapidly becomes irregular, and it is hard to catch the racket. Explain this
behaviour by studying the stability.(7 points).
Q3: a) Show that the inertia tensor for a square plate of side a and mass m in
coordinate system Oxyz where O is at one corer of the plate and the x and y axes

ma%/3 —ma®/4 0
along the two edges. I = | —ma®/4 ma?/3 0 S

0 0 2ma®/3

b) Find the angular momentum and kinetic energy of the above plate if it is
rotating about the diagonal.

¢) Find the principal moments of inertia .

d) Find the principal axes associated with it.(8 points)
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Q3: Determine the natural frequencies of small oscillations and the normay

for two equal length b and two equal masses m connectéd fo a spring of

: Elm.gmm&as shown. The spriiig is un stretched in the equilibrium
position. Consider: m = p = g=1.

GOOD LycK

!

_,é au.f) }uwﬂn
F 9 V.;.ﬁl‘di

#,, i
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: Consider a ﬁ'i_gig_nhlis_s_ puck on a horizontal turntable that rotates
counterclockwise with a constant angular velocity . Ignore the rotation of the

)5‘-9 Earth In a_coordinate system attached to the turntable with the origin on the
rotation axis the puck has initial coordinate (x0,0) and initial velocity (vs, v).
Dfetermme the subsequent motion of the puck on the turntable given by x(t), 1(1).
Hint: It is convenient to consider the variable s = x+iy (8 points)
I
@ . S\
-+ A rod of mass 7z and length / is suspended from two =
massless springs with a spring constant k as shown in the figure.
)?Z (Note: the gravity force does not need to be included.) K k
- i3
Xi 3
Show that the kinetic and potential energy for the system in I
terms of displacements from equilibrium position of the two ends of the rod x;
and x2. . %
AJD mea -2 1 2 2 1 2
T = 3 (Xf + 2%, + %2) and V(xy,x,) = Ek(x1 +x3),where] = Eml
. B) Find the natural frequencies.
7 1
] _/€) Find the normal modes and give a physical explanation of them. (10 points)
:_/(f e N
@ ) f\f r'\:L X
\b’ p \\ . £ %
: Disscus thémotion of a string when the initial conditions are { <F X

b%/ q(x,0) = %, 4(x,0) = 0. Find the characteristic frequencies and calculate \//\ %
the amplitude nth mode. (8 points) . -

L
: TTTX
f q(x,0) sin—dx
o L

\/\I/é&;ﬁ}'uck ®
Chaat) fgal A‘(\, 2 )b sink (% Kj/;’ X
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Physics Department

raé ﬂ@ Daje:16/3/2010

First Exarn ¢ f "
hours * flé’
n (U
4o 0o Instructor: Dr. E. Badran
¢ -’(‘ 1<
Q1: A spring of rest lengin_l:EL (no tension) is connected GEERSHPROTASIARNS
end and has a mass M attached at the other. Neglect the mass of the
spring, the. gjlmensmn on of the mass M, and assums that thie motion is_
confined to a vertical plane. Also. assume that the spring only stretches
without bending but it can swmg in the plane. T T {H
! i
J—
1. Using the angular dlsplacemant of the mass from the vertical and the {
length that the string has stretched from i IIS rest length (hanging with the ‘{5
mass m), find Laaranae s equajlons ]
t
L’

2. Solve these equations fro small stretching and angular displacements

3. Find the Hamiltonian and set up-Hamilton equations

Q2: a) Define chaotic system and how does your definition relate sensitivit
to initial conditions ‘o LI::pUﬂOV eVponent i
——

‘a-!_j?f ¥
/Cons:der a partlcle influenced by a force of the form {3 /‘\ ) 3N \
. ] /\@ \r\g:?é( U == (J
F{X) = - Kx + A AR & w\,\
Tt ad 77 1
For /\ >0, where the sysLem could be considered hard or soft, T:r" ’

Dr?\: a phase Portrait for this motion. What is the maximum energy and
Still have a pound motion. What is the period of small oscﬂ!atlons "

e

.trg\')%},}:;t?d the systemn ym-, -1 ——yy_,j With. @ﬁ and 0<y<2 can _bc
o the logistic map.¥.., —-crx,,ﬁ-xul_,y subW CX +d.~” ¢
e

Findy, ¢, din ter,
rms of ¢r. Fmdtheﬂrs”fthtee Mt_](ﬂgfor the system. « -
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BIRZEIT UNIVERS}—Y
Physics Departinent

Firsi Exam Date:24/3/2018 ) Time: 75 min. -

= | . instructor: Di. E. Badran

. Ql: For a charged particle of mass m, and charge ¢ is moving in the xy _ .
_ plane. The particle is subjected to an electromagnetic field, with vector
| potential 4 = By(~p/2 ,5/2,0) and scalar potential @(x)=-Vpx . Then, the
‘ l * Lagrangian can be written as L=
l . o L=T- gqo-!—(q/c)Av )
, ‘ - = Where v is the velocity in the Xy plane and c is the speed of light.
A. Find the equations of motion.
B. Find thecandnical momentum in each direction.
C. Find the Hamiltonian.

. Q2: Two identical bobs of mass m are

hanging from strings of length . The two 1 | ;
pendulums interact with each other through ' :
the another supporting string as shown and |
we assume that the mechanical energy of -

= the system is conserved. The interaction i ' .
between the two pendulums is modeled as

L‘zf:. —Mng f%ﬁal :

* a) Write the kinetic and potential energy in matrix form.

=
s onfh

:. b) Find the natural frequencies and normal modes of small oscillations

¢) Discuss the physical meaning of the normal modes.
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BIRZEIT UNIVERSITY ,(Q\e’
Physics Department

sz

Einal Exam Date:31/5/2018 Time: 150 min

is

Instructor: Dr. E. Badran
( The exam ln@oints and the full mark is 40)

Q1: A disk of mass m and radius is 2 mounted in the

iddle of massless rod of length 7. The plane of the disk -
ilted by an angle 6 away from the normal to therod. / §

itially the disk is at rest tilted up, as shown in the ?/ .)

figure. Att = 0 it begins to rofate around the axis of

the rod with an angular velocity  in the direction

shown. The rod is supported at the two ends and forces

F, (t) and F,(t) are such that it rotates without wobble with a constant angular
4

veloCity .

A) What are direction of the principal axes of inertia of the disk?

B) Calculate the principal moments of inertia of the disk?

C) What are the components of the angular velocity @ in the body frame of

-

reference?

D) Determine the torques needed to keep the disk spinning without wobble?

E) (10 points)

0? Consider a cube placed ona flat table with one face directly in front of you.

A) Find the matrix of rotation-which represent the following displacement of

m—
— woak VR

ybe is rotated by E/_?l_ about the .
y'the cube is rotateﬂy /2 abo new X axis.

ind the axis and rotation angle that will accofnjalish the same displacement in

xsingle rotati

- &

W. sih'gﬂa%(fs points)

e/l /tm
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SIRZEIT UNIVERSITY
Physics Dept.
Physics 334 _ |
| Spring 2005/2006 |

First Hour Exam )
Time:1:15 Hours i Date: 4/4/2006
i

1)  a) A geodesic is a line that represents the shortest path between
any two points when the path is restricted to a particular surface.

Find the geodesic of the cylinder. J—)Zd & + C] 2% 21 ;-_f el

e ;Zg_& s b? Show that the time invariance in the Lagrangian is associated
71 with the conservation of Hamilton — Jaccobi function. How is this . « ,__54,

conservation is associated with energy conservation.
= J

.

. ;\13} A double pendulum of equal lengths, Biit not equal masses as

? BZ shown, considering small oscillations only: .
’f-..-- LL = l Py G -,2 e
) . , __f;'m‘ (_g, 3 "{‘stw'?_l;{ (Gi A CCE e ot
) Show that < 4 ;E?,@y&_\}

g

b) Find the natural frequéncie¥ of the systern, 2

¢) Find the normal modes. .- ] :
d) Give physical sketch of the normal modes, =~

5 , 5 &
C[_,. = ,_c}\ V - pgl G ;w,_j,i(@f—:,cgg) e
N =) .

J-one e ad . :
(l—“' C,Va'f/) Cééfq’gl) 5 !-' \‘L‘S‘

& %_9@ 8 @gg@zv@f

X
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v BIRZEIT UNIVERSITY
SL 1) = 3'_1‘! J{ g Physics Department
: L

Final Exam -0 Lt Date:18/6/2014 Time: 150 m |

Instructor: 'Dr. E. Badran

€= (You have 45 points and the Jull mark is 40) !
Va N D

The three principal axes of a tennis racket are (1) along the handle, (2) perpendiculas
e handle in the plane of the string and (3) perpendicular to the handle and strings.
The moments of inertia are in the following relation It < /> < J. |
' 7 v When a tennis racket is tossed in the air with a spin in the direction of either axis (1) ‘
\ ?7 ] or (3). the racket continues to spin uniformly about the initia] axis and can be easily \
/ recaught. However, if the initial spin is around axis (2), the motion rapidly becomes
' -irregular, and it is hard to catch the racket. Explain this behaviour by studying the
stability. (10 points) ' '

QZ2: A rod of mass 2 and langit /15 5u3pERaed ficin tWo massless
springs with'a spring constant & as shown in the figure. (Note: the
gravity force does not need to be included.)

<

j; &

S 8

2 =

: < :
%k A) Show that the kinetic and potential energy forthe system in = |-

LS ) terms of displacements from equilibrium position of the two
'){\\_}‘L\{\\}\\\h ends of the rod x, and x..

'),kc‘- 1

. T S Ao ia _ 2 g '
- T_EQEL"'%{%_"%Q_ andV(x%,xz)—-zk(al +x35), where ' & |
Tg B) Find the ngtural frequencies. E @Q_ \& ;

C) Find the normal modes and give a ph)}sical explanation of them. (12 points)

i_\

|

S r
- -.;,..,_.,...F' i, ~

A Bk

: i Consider a frictionless puck on a horizontal tuntable that rotates tr < \ ! _‘
\ ounterclockwise with a constant angular velocity €. Ignore the rotetion of > MX <i ) ! !k
0} the Earth. In a coordinate system attached to the turntable with the origin on —_— ;L

%

the rotation axis the puck has initial coordinate (x5,0) and initial velecity (v, [
\5 v,). Determine the SHbSﬁQE‘?_I}LIEQt_iQE?f the puck on the turntable given by .
x(t), y(t). Hint: It is conveniefif To consider the variable s = X1y (10 points)
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