Physics 4B FINAL EXAM Chapters 23 - 34

Name:

Posting Code

Fall 1995

Solve the following problems in the space provided. Use the back of the page if needed. Each problem isworth
10 points. Y ou must show your work in alogical fashion starting with the correctly applied physical principles
which are on the last page. Y our score will be maximized if your work is easy to follow because partial credit will

be awarded.

1. A small plastic sphere of mass 5.00x10-16kg is held motionless between two
charged parallel plates 4.00mm apart. Assume that the plastic sphere has two
excess electronson it. Find (a)the electric force on the sphere, (b)the electric field
between the plates and (c)the potential difference between the plates. (d)In the
diagram at the right, show the polarity of the plates, sketch the electric field and
show all the forces that act on the sphere.

(a)According to Newton's Second Law, SF=mab F, - Fg=0P Fe=F.
Putting in the numbers, F, = mg = (5.00x10 *°)(9.80) = 4.90x10" N .

4.90x10" 1°
2(1.60x10"19)

F
(b)Using the definition of eectric field, |E ° 3 = = 1-53X104% .

(©)The lectric potential isDV = - ¢E - dS.

4.00m

Since the field between the platesis constant, V = Ed = (1.53x104)(4.00x10' 3) =61.3V.

2. Two long concentric cylinders of radii aand b have a potential difference V,
established between them. Find the electric field between the cylinders as a
function of the distance from the center. (Hint: You may want to start by

assuming alinear charge density | exists on the cylinders, but for full credit you
must express| in terms of the potential difference).

Applying Gauss's Law to an imaginary cylinder with aradius r between aand b.
Since the cylinders are long, symmetry requires the field to be constant over this
Gaussian cylinder as it must point radialy outward. Therefor,
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The dectric potentia is DV = - (‘)E_ ds. Integrating from the inner to the outer cylinder,

b | I

Q dr = In
2pe,r 2pe,

I 2peyV,

2peyr  2perin(L)

adg
a9

— 2peOVO

- b
|r]€1

0-V,=- bl

Finaly, E =

i)




3. Inthecircuit at the right V=150V, C;=4000uF and C,=1400pF. Initially
the capacitors are uncharged. (@)Find the charge on the capacitors when __|

Cy

switch S; isclosed and switch S isopen. (b)Now, S; isopened. Tnen Sy is V-
closed. Find the resulting charge on each of the capacitors. }_,..r S,

(AWhen S is closed the voltage on Cq is how 1.50V.

Using the definition of capacitance, C °© % P Q=C,V = (4000nF)(1.50V) = 6000nTC.

/22






Thetotal charge must be conservedso, Q=Q,+Q, P Q, =Q- Q;

o . i 6000
Substituting into the equation for V, &% :Q—Q1 P Q=c Q = 1700 — = 4440nC.
2 &+l qtl =——

Using the charge conservation equation, Q, = 6000 - 4440 =1560nC.

4. An RC circuit contains a 10.0£0.1kWresistor. The time for the voltage on the resistor to drop from 1.50V
down to 0.750V is 15.2+0.2s. Find (a)the capacitance of the circuit and (b)the uncertainty in the capacitance.
Assume the voltages are exact. The manufacturer claims the capacitance is 2.00mF within 10%. (c)Which
number should you use for the capacitance, the experimental or the manufacturer's? Explain.

(a)For adischarging capacitor g = CV e VRC.
Using the definition of capacitance, V =V e Yre

Solving for the capacitance, C = ! = 15.2 = 2.19mF
@&/56 10000In(2)
RIn—
ey g

(b) The uncertainty equation is from the multiplication ruleis,
2 2 2 2
. [aPRy”  abty _ x01lyg a02y” _
DC= C\/é?ﬂ + &1 o P DC= (2.19)\/é10.0ﬂ + G520 0.04mF .
Using proper significant figures,[C = 2.19+ 0.04mF|.

(c)While both numbers are in agreement, the experimental value is the one to use because it has a smaller
uncertainty.



5. Anelectron is accelerated by a potential difference of 3000V into a &

region of nearly constant magnetic field created by the current in a pair of B
Helmholtz coils of radius 8.00cm as shown at the right. As aresult the B ®m o®m @
electrons bend along a path with aradius of curvature of 26.0cm. Find

(a)the speed of the electron as it enters the magnetic field, (b)the magnitude @ L> &om @

of the magnetic field, and (c)the speed of the electron as it leaves the
magnetic field. (d)In the diagram, sketch the path of the electrons and
direction of the current in the coils. For simplicity, assume the magnetic
field is constant and into the page inside the coils and zero outside.

(a)Asthe eectrons are accelerated they lose 3000eV of potential energy.
By the Law of Conservation of Energy they gain 3000eV of kinetic energy,

ek = Ern\/z b v= \/2ek \/Z(LOO)S(&OOX].OS) = 3.25X107% .
mc? 5.11x10 _—

(b)Using Newton's Second Law with the force on a charged particle in a magnetic field and the centripetal
acceleration of acircular orbit,

2 31 7
SF=mab qB=mX b B= _ (9.11x10 1)9(3 25x107) _
r ar ~ (1.60x10 °C)(0.26)

(c)Since the magnetic force is always perpendicular to the motion of the electron, there is no work done on it.
Therefor its kinetic energy and speed are unchanged. v = 3.25x107%1

=712nT .

(d)The electrons bends along a circular arc inside the field, then heads off in a straight line after leaving the field.
The current in the coils must be dlockwise by the right hand rule.

6. (a)Find the magnetic field 10.0cm away from the center of a straight wire carrying a

current of 1.00mA assuming the wireisinfinitely long. (b)Sincethe wire you used inlab [=1.00mA
was only about 50.0cm long, explain how you would find the field due to this wire of

finite length and indicate whether the result should be larger or smaller than the value A
from part a. Note that you are not asked to actually find the field, just explain how you

would. B="? 10.0cm

(8 Thefield dueto along straight wireis, B = ;; = (2.00x10° )&83 = 4.00x10"1°T1

(b)The field can be found using the Biot-Savart Rule, B = @ 0&

It will be less than the field due to the long straight wire because there are fewer current
segments to contribute to the field.




7. Inthelab, you studied the behavior of a coil of wire wrapped around an iron .
core. The coil was connected to the wall current ( 110V at 60Hz ). When the
current was turned on in the coil, asmall light bulb with its own smaller cail,
also went on. Explain why the bulb lights.

Thisisan example of Faraday's Law. The current in the coil creates a magnetic
fieldin the iron core. Since the current is changing this magnetic field is
changing. The changing magnetic field through the smaller coil induces a
voltage according to Faraday's Law. Thisvoltage creates the current that lights
the bulb.

8. A 1000 turn coil with aradius of 6.00cm spinswith aperiod of 50.0ms. The axis of the cail is horizontal and
points eastward, while the earth's magnetic field of 52.0uT points northward at 62° below horizontal. Find the
peak voltage induced in the cail.

Since the coil is pointed eastward, the axis of the coil is always perpendicular to the magnetic field. Thefield
makes an angle g with the normal to the plane of the loop. Asthe coil spins, this angle changes at a constant rate.
Starting with the definition of flux and using the fact that the field is constant, F g © (8- dA = BAcosq

dF g _ dq

: d .
Using Faraday'sLaw V =-N = -N— (BA cosq) = NBAsng—.
g ay ot dt( Q) th

The voltage peaks when sinq = 1. Putting in the numbers,
22p _ 2NBp®r® _ 2(1000)(52.0x10" ®)p?(0.060)°

=73.9mV
T T 0.050

V, = NBA% = NBpr




9. An RLC seriescircuit contains a 680mH inductor, a 1.00nF capacitor, and a 2.50kWresistor. An oscilloscope
set on 1volt/division is placed across the resistor at resonance. It'strace is shown in the graph at the left. (a)Find
the scale on the horizontal axis (Hint: It should be in multiples of ten.) (b)Sketch the oscilloscope trace if the
frequency isincreased by 1000Hz. Y ou don't need to get the amplitude or period exactly right for full credit.

\ _

1
Th f [ = —_—
(8) The resonance frequency is w, NINe
. 2p 1 -9
The period shouldbe — =——=—= P T =2pJ/LC =2p,/(0.680)(1.00x10 ”) =164ns.
period should be == = —— pJIC = 2p/(0.680)(1.00x10°)

Since one period is about 5.5 divisions, %‘;‘i » 30ns/ div .

(b)As the frequency is moved above the resonance, the resulting current is reduced and therefor the voltage on the
resistor drops. The amplitude of the voltage trace will be smaller as the frequency is higher.

10. Thelightsin the laboratory are 40.0W fluorescent bulbs which are cylindrical tubes about 2m long. Assume
that all the light is emitted radially from these tubes at an average wavelength of 550nm. Estimate (a)the intensity
of the electromagnetic waves produced by a single bulb 1.00m away from it, (b)the magnitude of the electric field
in these electromagnetic waves, and (c)the speed of these el ectromagnetic waves.

(&) The intensity isthe power per unit area. The areain thiscaseisacylinder of 1.00m radius.
400 W

& =N T 2pr0  2p(LO0)2)  —om’

2

(b)The average intensity isthe Poynting Vector, S,, = ZE_rTr&: P E, =J2mcs,, .

Putting in the numbers, E,,, = /2(4px10° ")(3x10°)(3.18) = 49.0% .

(c)The speed of EM wavesis always the speed of light 3.00x108m/s.



