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Physics 229 - Spring 2008 

 

HW V - Solutions 

 
Friday 5/9/08 

 

 

Assigned problems:  To be turned in.  Five problems chosen at random from those 

assigned in K & B below are marked with an *, will be graded and are worth 5 points 

each.   

 

*5: 11  

 

Solution:  We want to analyze the motion of charged particles in a region with 

parallel electric and magnetic fields (both in the z direction).  The equations of 

motion are  
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Starting at the origin with velocity v in the x direction we can solve these equations to 

yield (decoupled) uniform circular motion ( c qB mw= ) in the xy plane and uniform 

acceleration in the z direction (see Lecture 5 Appendix A, Eqns. (A.5), (A.6) and 

(A.7) for a similar, but not identical situation).  We have   
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Now consider where the particles strike a screen a short distance,x a mv qB= 0 , 

away. We expect the particles will strike the screen after a time of about at a v=  so 

that 1c at aqB mvw = 0 .  We can simplify the equations above for the small distance 

and thus small time as  
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We are really interested in the behavior of an ensemble of particles described by 

some distribution of initial velocities.  To see where such an ensemble of particles 

will strike the screen (i.e., where in the yz plane at x = a) we eliminate v from the 

above equations.  The resulting curve in the yz plane describes where the particles 

with a variety of velocities will strike.  We have  
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Thus the ensemble with different velocities will strike the screen along a parabola 

whose shape will tell us the ratiom qand we can use this setup to perform mass 

spectroscopy (we usually know or can control q). 

 
 

*5:      12 

 

Solution:  Here we use orthogonal (crossed) E and B fields to select particles with 

certain properties.  As discussed in the Lectures and the text we can represent this 

situation via the following equations of motion, which yield circular motion plus a 

constant ñdriftò in the x-direction, 
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Thus we can simplify the equations by transforming to the frame moving with the 

drift velocity to find 
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If the initial conditions are as in the previous exercise (at the origin with a velocity v 

in the x direction, ()0x v=" ), then if we choose  
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Thus matching the ratio of the electric and magnetic fields to the initial velocity 

yields a stationary solution in the moving frame.  The resulting motion in the original 

frame is   
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Of course in real life it is difficult to arrange a completely collinear beam.  We 

consider here the result of small dispersion in the direction of the original velocity.  

We can represent such a situation with the following initial velocity (where we allow 

also a small variation in the magnitude)   
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Now when we solve for the resulting xy motion in the moving frame we find  
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In the non-moving frame we have 
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We note from these equations that, after 1 (or any integer multiple of the) period of 

the cyclotron motion, 2 2ct m qBt p w p= = = , the particles are at 
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Thus independent of the original velocity dispersion, all particles are along the line 
22 2 , 0l x mE qB mv qB yp p= = = =, parallel to the z-axis (there seems to be a 

factor 2 missing in the answers in the back of the book).  The position along the line 

depends on the value of zvd .  So the particles with nearly the velocity Ĕv vx=
d

 can be 

selected with a slit along this line.  For a velocity of 
810v=  m/s and B = 0.02 T we 

want 

 

 ( )( )
( )( )

6

31 8

19

2 10 V/m

9.1 10  kg 10  m/s
2 2 0.179 m.

1.6 10  C 0.02 T

E Bv

mv
l

qB
p p

-

-

= = ³

³
= = =

³

 

 

 

*5: 15 

 

Solution:  Now we consider the impact of the Coriolis force on the motion of 

projectiles as viewed in the rotating frame moving with the earth (and neglecting air 

resistance).  We know that in the absence of the Coriolis force the range and time of 

motion of a projectile launched with elevation Ŭ are given by (recall exercise 3.6 in 

HW III)  
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In the rotating frame the equation of motion is given by (Eq. (5.24)) 
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As discussed in Lecture 5 we can describe the general motion of a 

projectile in terms of its motion in a no-rotating frame, which we know, 

plus an extra bit.  For the specified initial conditions we can define an 

Ansatz ( ) ()0
ĔĔ Ĕsin coseffr g tz v z x ta a d¡ ¡ ¡ ¡¹- + - +
dd "" , where we are using 

the coordinate frame defined in the Lecture (rotate this coordinate 

system by 90 degrees around the zô axis to obtain the coordinate system 

in K&B) .  The general structure of the Coriolis force is given by  
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Thus the general equations of motion are 

 

 ( )

2 cos ,

2 cos sin ,

2 sin .

E

E

eff E

mx m y

my m x z

mz mg m y

w q

w q q

w q

¡ ¡=

¡ ¡ ¡=- +

¡ ¡=- +

"" "

"" " "

"""
 

 

In solving these equations for the deviation from the non-rotating case we want to 

keep only the large terms on the RH sides, i.e., the terms not involving the deviation 

itself.  So substituting our Ansatz in these equations of motion we have 
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Thus the largest deviation from the non-rotating frame (note the range d is called y in 

the text, but this is poorly matched to our choice of coordinate system) is to the east 

with magnitude 
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For a colatitude of 45 degrees and an expected range of 40 km, the deviation due to 

the Coriolis force is 
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1
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3

q q
è ø

-é ù
ê ú

 means that the effect changes sign near a colatitude 

defined by 
1tan 3 71.6q -= =  degrees (near the equator).  Thus the deviation changes 

sign by the time we get to the equator and is to the west at the equator. 

 

 

5: 20 

 

Solution:  Here we want to use Lagrangian techniques to re-derive the rotating frame 

result.  We start with the following form for the kinetic energy 
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Using our knowledge of vector calculus we can rewrite this expression in various 

(useful) ways.  We have (dropping the prime in the rotating frame) 
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Now we can evaluate the necessary derivatives for E-L.  We find     
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Thus we obtain just the expected extra terms as viewed in the rotating frame (rotating 

with constant angular velocity) with respect to the result in the non-rotating frame. 

 

  

6: 7  

 

Solution:  This exercise allows us to think about charges and electric fields 

(potentials) near the earthôs surface. If the electric near the surface is radially outward 

and has magnitude 100 V/m, we have 
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To calculate the energy stored in the system we must consider the work done in 

assembling the charge, including the fact that the potential energy at the surface 

changes as we bring more charge in from infinity.  The energy and energy density are   
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6: 12 

 

Solution:  Now consider a spherically symmetric cloud of dust (density ɟ) collapsing 

under the influence of gravity (alone).  If we assume that as the cloud collapses there 

is no ñovertakingò, i.e., that all the dust at smaller values of the radius than a given 

dust particle remains at smaller radius than that particle, we can easily use energy 

considerations to address this situation.  The gravitational potential energy at radius a 

(which is converted into kinetic energy during the collapse) is  
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Conserving energy means   
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Thus the time to collapse is  
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Since this time is the same for all particles in the cloud, i.e., it does not depend on the 

initial radius a, the assumption of no ñovertakingò is justified.  The cloud simply 

collapses coherently to a point (of course, the divergent energy density is unrealistic).  

For the special cases listed we find  
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*6:     14 

 

Solution:  We want to think now about an approximate version of Jupiter.  Assuming 

that it has uniform mass density, we want to calculate its oblateness.  An ellipsoid of 

revolution with uniform density will have a quadrupole moment defined by  

2 2 5J e= .  Thus we have 
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6: 20 

 

Solution:    Now consider 2 contiguous spherical satellites of mass m in an orbit 

around the earth with radius r and with their centerline aligned with the center of the 

earth.  The two spheres experience both their mutual attraction and the gravitational 

force due to the earth which will act differently on the two spheres since they are 

differing distances from the center of the earth. We want to know how close to the 

earth they can be before they separate, i.e., we want to known when the relative 

acceleration is just zero.  The radial acceleration is given by 
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6: 25 

 

Solution:  Delayed until next week. 
 

 

*Extra:  Since we walk by a Foucault pendulum every day, we should take this 

opportunity to analyze it.  Take the pendulum bob to have mass m and the massless 

support wire to have length l.  Determine the oscillation frequency of the pendulum 

and the rotation rate (angular velocity) of the plane of this oscillation as observed in 

the rotating frame fixed to the surface of the earth at polar angle (colatitude)q.  How 

long does it take the plane of the pendulum in the A wing to rotate through 180 ̄

(latitude ~ 47̄ and pendulum length about 15 m)?  [We assume that the displacement 

angle of the pendulum is small enough that a linear analysis is applicable.] 

 

Solution:  Let the displacement angle of the pendulum be y and the 

angle describing the plane of oscillation in the ( ,x y¡ ¡) plane (the 

rotating coordinate system fixed on the surface of the earth, i.e., that we 

live in) be f.  We expect this system to be described by 2 angular 

frequencies.  One frequency is for the oscillation of the pendulum and 

another (slower) frequency is for the precession of the oscillation plane.  

From the lecture notes Newtonôs second law looks like 
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where the second line gives the angular velocity of the earthôs rotation in the rotating 

coordinates.  Thus the components of the Coriolis force look like  
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Thus Newtonôs equations are 
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Now there are two small parameters, y and the earthôs rotation frequency 
Ew .  The 

motion in the direction is order 
2y  and we ignore it.  The remaining terms give us 

the two expected frequencies, the usual pendulum frequency p g lw =  and the 

much slower precession frequency cosE pw w q w^= 0 .  Note that, due to the cosq 

factor, at the equator, 90q= ,̄ there is no precession and that the sense (i.e., sign) of 

the precession is opposite in the two hemispheres.   

 

With these definitions and approximations we have two coupled oscillators 
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This configuration is easily studied in terms of the complex variable x iyV ¡ ¡= + , 

which we take to have periodic behavior i tAewV= .  The differential equation then 

becomes an eigenvalue equation, 
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The (approximate) eigenfunctions are  
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where the first factor describes the precession and the second factor the (more rapid) 

usual pendulum oscillation.  For a pendulum of length ~ 15 m (as in the A wing) we 

have 
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In Seattle (latitude ~ 47̄ , colatitude 43q ¯- ) we find 
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So the time to rotate through 180 degrees is about 16.4 hours. 

____Note: Problem sets must be turned in by the end of class or be in Steve Ellisôs Physics Department mailbox by 12:20 PM on the date 

indicated.  Late problem sets are accepted for 1 week with a 50% discount.  Solutions will be posted on the web. 


