Physics 4B THIRD EXAM Chapters 23 - 32 Spring 1995

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. Two long straight paralel wires carry currents 11=5.00A and » 1
[,=7.00A. They are 12.0cm apart. Find (a)the magnetic field felt by

I1, (b)the magnetic field felt by I,, and (c)the force per unit length that

I, exerts on |,. Be sure to state the directions as well as the > Iy
magnitudes.

(@Thefield felt by wire1lis produced by the long straight wire 2:

7.00
B, = mopZ = (2.00x10° )ﬁ) =11.7nT|. Thisfield isout of the paper by the right hand rule.

(b)Thefield felt by wire 2 is produced by the long straight wire 1:

[ 5.00
B, = r;;l = (2.00x10 )—20 = 8.33Ml|. Thisfield isinto the paper by the right hand rule.

(b)Theforce felt by wire 2 is produced by the field of wire 1 acting on the current in wire 2. Using the definition
of magnetic field:

L F
Foll"BP F=1pByP — =158, = (7.00)(8.33m) =58.3mN|. Thisforceis upward toward wire 1 by the

right hand rule.

2. Find the expression for the magnitude and indicate the direction of the ds
magnetic field at the point P which is at the common center of the semi- :
circular arcs shown in the sketch.

Use the Biot-Savart Rule B = %(‘)Idf—zr
. . |
Along the top arc, dsis aways perpendlcular toR s0, B; = 20 ORiS
. N _ml
Sincel and R are constant, B; =
' ap R2 AT R2 PR=TR

Along the straight sections dsis always parallel to R so they create no field at P.
m,l
By = :
8R

. Thisfield is out of the page by the right hand rule.

The contribution of the bottom arc is the same as the top except the radiusistwice as big,

B=B,+ B_'Tb| ml _ 3rn)l
4R 8R 8R

Thetota fiddis




3. A bar of mass, m, and length, L, moves on two frictionless % = ® ®
parallel rails of total resistance, R, in the presence of a uniform ¢ "
magnetic field, B, directed into the paper. The bar is given an
initial velocity, v,, to the right and is released. Sometime later ® £ A L
when the bar is moving at a speed, v, find (a)the direction and R
magnitude of the current induced in the bar, (b)the direction and x ¥ ¥ ¥ L
magnitude of the force on the bar, (c)the acceleration of the bar,
and (d)the speed of the bar as afunction of time.

4 b4 ® ®
(d)Using Faraday's Law the induced voltageis, > -
é_é. ds = - ﬂ b V= ﬂ = = = =

dt dt
Using Ohm's Rule and the definition of flux, IR = %(‘ﬁ . dA.

Since thefield is parallel to the area vector and constant, IR = %BA .

The field doesn't change with time and the rate at which areais swept out is (ll—'i‘ =vL . Solving for the current,

_ BwL
R

(b)The force on the bar can be found from the definition of magnetic field F© 1/ B.

B2vL?

I . Thedirection is given by Lenz' Rule to be counterclockwise as shown.

Since the current is perpendicular to thefield,|F =- ILB = -

The direction isto the left opposite the velocity by the right hand rule.

F_ BAlL?
(c)Applying the Second Law, SF = ma and solving for acceleration(P a= - =- R |

2.1 2 212
B e oL B g
R v mR

v dv tB2L? v B2L2 & B2%L? 9
. N Y - _ N = — == H p = e)( g_ t—
Integrating, Qo y Q R dt b InV0 R t and solving|P Vv =V, pé R

(d)Using the definition of acceleration, a © % P dv=adtb dv=-

4. Find the induced voltage across a 10.0mH inductor after 5.00s when the current through the inductor (a)is a

constant 300mA, (b)increases linearly at a rate of 4.00mA/s, and (c)decreases exponentialy according to
t

i = (1.00A)e 10s,

Use the definition of inductanceis €° - L d

dt
. . dl . .
(a)In this case the current is constant so p = 0 and therefor there will be no induced voltage.

(b)Here % = 4,00mA /s and remains constant so|€ = - (0.010)(0.004) = - 40.0nV/|.
.t L

(c)Now the current changes with ti me% = EO![ (1.00A)e 10s = - (0.100A / s)e 10s

and so doesit's derivative.

At t=5.00s, % = - (0.100A / g)e

NI

= -60.7mA /s so|€ = - (0.010)(- 0.0607) = 607nV/|.




5. Inthe lab, you studied the behavior of acoil 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.

Thisis an example of Faraday's Law. The current in the coil creates a magnetic
field in 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.




