Physics 4B THIRD EXAM Chapters 22 - 32 Fall 1997

Name:

Solve the following problemsin the space provided. Use the back of the page if needed. Each problemis
worth 20 points. You 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. The sketch at the right shows two wires that are perpendicular to the A B

page. Wire A carries a current of 140mA into the page and wire B carriesa «—® O=>F

current of 210mA out of the page. The wires are 2.00mm apart, 12.5um in Fag < BA
2.00mm 1BA

diameter and 2.60m long. Find (a)the magnetic field felt by wire B, (b)the
force on wire B, (c)the force on wire A and (d)indicate the directions of the
guantities in the sketch.

(@Thefield felt by wire B isthe field due to the long straight wire A,
= ”Z"T'? = (2.00x10° 7)21%% b [B, =14.0MT|.
(b)TheforceonwireB is caused by the field of wire A. Using the definition of magnetic field,
Fea =15¢ B, sincethefieldis perpendicular to the current flow,
F.. =14/B, =(210m)(2.60)(14.0m b [F;, =7.64m\|.
(c)By the Third Law, the force on A must be equal and opposite to the force on B, [F; = 7.64mN|.




2. A circular wire of radius a carries a non-uniform current distribution. The current
density isj = joa wherer is the distance from the center of the wire. Find (a)the total
current in the wire and (b)the magnetic field inside the wire as afunction of r.

(&) The definition of current density is j © 1 P I=gndA.
A o

The current density here is constant over small rings of thicknessdr. The area of these
ringsisgiven by, dA = 2prdr. Thetotal current through the wireisthen,
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(b)Applying Ampere’s Law to the circular path of radiusr, g‘j§ - dS =mjiy P B2pr = mi,, wherewe have
used the fact that B must be constant along the path and it must point along the path by the circular symmetry.
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The enclosed current is, | = (ydA = - 2prdr =—=2QAr°dr =——=—
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Thefield isthen, B2pr = m,

according to the equation B = B (1- +) where B _=200uT and T=100s. Find the

3. The magnetic field through the circular loop of radius 1.50cm drops with time ® ® ® ®
induced voltage in the loop at t=50.0s and show the direction of the induced current. ®

®

: . = dF dF
Starting with Faraday’s Law, g - dS=- N T = dtB ®
then using the definition of flux, V :-i(‘ﬁ- dA . ®
Over the plane of theloop thefield is constant and points along the area vector so,
V= - i BA=-— BOAa?L ©® ©® e ©

Doing the derlvatlve and pl uggl ng in the values,

2 2
V= BA _B.pr _ (200m)p(0.0150) b [V = 1.41x10°V].
T T 100

The direction of the current flow can be found from Lenz's Rule. Since the field out of the page is decreasing the
current will be induced to create field out of the page as shown.




4. A 1.60V battery is connected to a coil of wire. After 10.0msthe current is 1.20mA. After 10.0s the current
reaches a constant value of 4.80mA. Find the resistance and inductance of the coil.

After along time, the voltage across the coil isjust due to the resistance of the coil, so using Ohm’s Rule,

V=IRP R:V—IZ%D R =333W|.

For short times the equéti on for the “charging” of an inductor isrelevant,
& R

| =1,%-e U2p L=- Rt _. (333)(0'?200) b [L =11.6H|.
e 2 In(1- ) In(1- 1)

5. Inthe lab you tested the expression for the field magnetic field due to along straight wire by sending a current
through the wire and detecting the magnetic field with a probe. The probe was made of asmall coil of wire
wrapped around an iron cylinder. The probe produced a sinusoidal voltage that you measured with the
oscilloscope. Explain how the probe works. Be sure to state the names of the important principles for full credit.

The current through the straight wire is an alternating current. This alternating current creates an aternating
magnetic field through the coil of the probe. According to Faraday’s Law, the aternating field through the coil is
achanging flux that induces an oscillating voltage in the coil.



