Physics 4B FINAL EXAM Chapters 22 - 34 Spring 1997
Name: Posting Code

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. At some instant the nucleus of a helium t2e
atom and its orbiting electrons are oriented as
shown. Find the dectric force (magnitude
and direction) felt by the eectron at the 0.100nm
bottom right.

The electric forcesdueto the point charges € F,
are given by Coulomb’s Rule: —P >
0.193nm -e X
- 194 2
F, = k{0 - g7y L0 ) g 19,10N
Iy (0.193x10°°)
-1942
F, = k(2e_)2(e) = (9x109)‘2(1'6x—10_9)2 =2.32x10 °N
I’ (0.141x10°°)

Adding the vector components:
F, =F, - F,c0830°= - 1.39x10 °N and F, = F,sin30°=1.16x10 °N
The magnitude and direction are:

F
F=F +F, =181x10°N| and |q = arctanFy = 40°| above the -x axis.

X

2. A 5.00pC chargeislocated 3.00cm upward from the center of the base of a cone of
radius 2.00cm and height 5.00cm. Find thetotal electric flux leaving the cone.

Applying Gauss's Law to the entire cone,

e e O — Oo _ 5.00x10°°
PE - dA=—d=p F —ﬁ P Fia = 88510 &

. = 5.65x10°V xm.
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3. Find the potential due to a20.0cm long rod that 20.0cm dg  x

has alinear charge density of 2.00uC/m at a point — A~ a >
8.00cm from the end of therod along the same axisas ~ - P— Y 3 00cm *
the rod. _)dr '

dq

The potential due to the point chargedqis, dV = k—r :

The charge dg can be written in terms of the charge density, dq =1 dx.
The distance between dg and the point where we need thefieldis, r = x + a.

| dx \dx _ a¢ d-+ag
The potential is, dV = ks P V =kl - =Kl In —

0
Plugging in the numbers, V = (9x10°)(2x10 )Inaé 0 = 2 25¢10°V .

4. For the circuit shown the potential difference across R, is measured to be 12.0V. —t A —
Find (a)the potential difference across each resistor, (b)the current through each R1
resistor, (c)the current supplied by the battery and (d)the battery voltage. R;=300W,

R,=900Wand Rs=1800W, v
T R3 e

V(V) | I(mA) | RW)

6.00 20.0 300

12.0 13.3 900

12.0 6.6/ 1800

18.0 20.0 battery

()& (b)R, and R3 arein parallel so by the loop theorem they have the same potential difference of 12.0V.
The current in R, and R, can each be found using Ohm's Rule,

V=iRPp i=— v = 2 ~133mA andV = IRP =~ = 2 —667mA .
R, 900 R, 1800

By the junction theorem, the current through R, must bei, =i, +i,= 13.3+6.67 = 20.0mA.

The voltage across R, can be found from Ohm’sRule, V = iR = (20.0m)(300) =6.00V .

(c)Since Ry isin series with the battery, the current through it is the same as the battery.

(d)Using the loop theorem, the voltage the battery must equal the voltage on R, plus the voltage across either R,
orR,. V=V, +V, =6.00+12.0 =18.0V .



5. A electron moves at 750km/s toward a wire carrying 150A as shown at the right.
When the electron is 15.0cm from the wire, find the magnitude and direction of the force ‘
on the electron. If you want full credit on the direction, explain your reasoning.

The electronisin the magnetic field of the wirewhichiis,
B—rzn’l—(20010 )£O5—200T v

The force on the moving charge s,
=qi’ BP F =quB = (1.6x10°)(750x10%)(200x10" °) = 2.40x10 " N
sincethefield is perpendicular to the velocity.

The magnetic field is out of the pageso u * B isdown the page. Sincethechargeis
negative, the force must be up the page as shown at the right.

6. Find the magnitude and indicate the direction of the magnetic field at the ds
point P which is at the common center of the semi-circular arcs carrying a N
current | shown in the sketch.

JdsT T

Usethe Biot-Savart Rule B = M >

4ap r
Along the top arc, dsis aways perpendicular toR s0, B; = 4p OIF%S

r= "l

Sincel and R are constant, B, = prs R2 s = 4pR2 PR
Along the straight sections dsis always paralel to R so they create no field at P.
The contribution of the bottom arc is the same as the top except the radiusistwice as big,

B =B, + B_'Tbl ml _ 3m)
4R B8R B8R

g, = !
s8R’

. Thisfield isout of the page by the right hand rule.

Thetota fieldis




7. A plane rectangular loop of wire has 12 turns. Itis15.0cm wideand @ L L )
5.00cm tall. It has atotal resistance of 2.00W. A magnetic field of 2.50T is B 15.0cm >
directed perpendicular to the plane of the loop as shown. This field is & ! ! @ @
reduced to 1.00T at auniform rate in 3.00ms. Find the current induced in 5.00cm
the loop and indicate its direction in the sketch. & ! < ! @ @

- L = = = L
Apply Faraday's Law gE - dS = - % b V= N%.

Using the definition of flux and the fact that the field is constant and perpendicular to the plane of the loop,
I:Bo (\j_?; dA:BWhD DFB :Ff - Fi :BfWh- BfWh = whDB

Thevoltageisnow, V = Nwh%B.

Using Ohm'sRule, IR = Nwh22 p | = NWhDB
Dt RDX

NwhDB _ (12)(0.15)(0.050)(2.50 - 1.00)

RDt (2.00)(0.003)
Since the field into the page is decreasing, the field caused by the induced current will try to make up for the loss
and point into the page aswell. Therefor, the current will be clockwise. ThisisLenz'sRule.

Putting in the numbers, | = =22.5A

8. A 28.0pH inductor isused in an FM radio tuner. Find the capacitance of the tuner circuit when it isreceiving
at station at 106.7Mhz.

1
4p%F2L

The resonance frequency of an LC circuitisw = = P 2pf == b C=
1
4p3(106.7x10°)2(28.0x10" %)

Plugging in the numbers, C = =7.95x10 “F



9. A 20.0pF capacitor is connected to a 60.0Hz - 15.0V rms power supply. Find the rms current through the
capacitor.

Using the definition of impedance and the impedance of a capacitor,
. . Ve
Verms = lemsCe P olcms = C,rms = 2prVC,rms
C

Putting in the numbers, |i c rms = 2P(60)(20x10” °)(15) = 113mA |

10. The peak electric field 10.0m away from asmall light bulb is 2.00N/C. Find (a)the peak magnetic field and
(b)average intensity of the light 10.0m away. (c)Find the total power radiated by the light bulb.

(@ Theratio of the peak fieldsis, B, ~En__200 -
c 3.00x10

(b)The average intensity is related to the peak fields, | =

=6.67nT .
mw

EZ (2.00)° -
2mc  2(4px10 7)(3.00x10°)  ——m

b P= 4pr’l = 4p(10.0)°(0.00531) = 6.67W.

(c)Using the defirnition of intensity, 1 © — = ——
A dpr



