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(25 points) ~20 minutes

1. (20) Consider a thin, straight wire of finite lengthriggng a constant curremtand placed

along thex-axis as shown in the figure beloa). Give the direction of the magnetic field,

b) then show that the magnetic field at point PBs= rol (cosB, - cod,) where the
Ta

P
anglesé, andd, are as shown in the figure.

a) The magnetic field is out of the page (ald::\g 2 points

b)
dl§:“';|d§xAr 2 points
4t r?
dﬁxAr:|Cr5>< A'i k= dwind k= dB:uLIdLLnB 2 points
4T r
r=al/siné@ 2 points
X =—altand = —-acotd 3 points
dXZ—ad(CotH) = acsg(g) @@= ??9 3 points
sin“ @
- .
dp=to! 2UOSINE G p Wl Gggg | 2points
4 sir@ a 4ra
=B :HLIJ.GZSianHZ“—'J[—(:ogﬁ]‘g2 2 points
4718’ 4ira )
B=M(cose - co®,) | 2 point
47ma 1 2 poin

2. (5) If the wire becomes infinitely long, what woulcethbe the magnitude of the magnetic
field ?
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1. (20 points) ~ 15 minutes
1. (15) Show that the current inside a cylindrical wirerafliusr and lengthL takes the

form | = nqvsA; | dentify each of the variables.

Let a segment of the conductor be of lenfgth=V,At, where v, is the velocity of the

charge carriers parallel to the axis of the cylindand Atis the time interval required fq 3 points

the charge carriers in the segment to move thraaglsplacement equal to the length of the

segment.

The number of charge carriers in a segment of thre v NAAX where n is the charg
3 points

carrier density, andA = 77r? is the cross-sectional surface of the wire.

During the time intervalAt all the charge carriers in the segment of lendtk would pass

through the cross-sectional area at one end ofsggment. Therefore the amount of chg 3 points

that passes through this cross-sectional area dytie time intervalAt is

AQ=(nMX g=( NAYA } « 3 points

Thus, we find that the current in the conductor is

AQ

| =—= =nav. A 3 points
At avi

2. (5) An electric heater is constructed by applying teptial difference of 220 V across
a Nichrome wire that has a total resistance of 06ind the current carried by the

wire and the power rating of the heater.

| =22 = =275 A 2.5 points

P=1°R=(27.5A)°(8.00Q)= 6.08 10 V | 2:5points




1. (25 points) ~15 minutes
1. (5 How many different currents are there in the dir@hown below? Choose

arbitrary directions for these currents and shawtlon the figure. 2 points
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There are 3 different currents in the circuit _fr € Ry, |Es
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2. (15) Find expressions giving the currents as functidris@ems and the resistors.

3. 5) Calculate the values of the unknown currents.

l,=1,+l, | 3points
£-6Vo Ve =0 = &-¢,-I,R,~ IR =0 | 3points

£,~Vg =&+Vg, =0 = £, | R;—£,+ 1 ,R,= 0| 3 points

Q) in@@) = I,= £-&1IR, 1 points
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(51_52) RS_(SZ_ES) R1= 3.08 m2| 4 points
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[, =0.39 mA

in@) = I,=

3 points




V. (30 points) ~20 minutes
1. (5) How is an ideal solenoid approached, and whatteer the characteristics of its
magnetic field?

An ideal solenoid is approached when the turnscéwsely spaceq 1.5 points and the length is

much greater than the radius of 1.5 points

In this case, the external field is close to z§ 1 point | and the interior field is uniform over a

great volumg 1 point

2. (10) Use Ampere’s law to find an expression for the niagle of the magnetic field
at the center of an ideal long solenoid carryirguaentl as a function of the number

of turns per unit length. Explain your procedure.

We consider an Amperian loop with a rectangulampat length | and B
side w. | 1 point

O AAAAY & |
We need to finctf)é [dSover the path of the loop to apply Ampére " ®" 1T
law. | 1 point 5 ® 2

. (%
The contribution to this integral from side 2 and4 zero because the (® 1 : sl ¢
magnetic field is either perpendicular to the pétiside the solenoid) G
or negligible (outside the solenoi{ 1 point s x) 4

e~

The contribution from side 3 is also zero becausdake the magnetic field outside the solenoideto b

negligible. | 1 point

Furthermore, along side 1 the magnetic field isemn and parallel to side 1, thereforel 1 point

(f)é [0S = J.path 1B [dls = J.path 1Bds: q path 1d$: BI | 2 points

If N is the number of turns in the length | of graperian loop, the total steady current through the
amperian loop is equal to NI; hence applying Amj=i@av we get:

$BIds = Bl = NI

B:UOIEI

B=,nl 1 point

2 points

where n is the number of turns per unit length.



3. (15 Now imagine we've inserted a straight current-gayy conducting wire
perpendicularly to the plane of the ideal solenaidiis center. If this wire carries an

upward current;:
a. (5) In which direction will the wire be deflected (e right) ?

5 points

The wire will be deflected to the left

b. (10) What is the magnitude of the magnetic force aabnghe segment of the
wire within the solenoid ? (TakR as the radius of the solenoid and use the

magnitude of the magnetic field found in questigrl).

|EB - |2|:x|§ 3 points
= F, =1,(2R) Bsin’—ZT: 21,RB | 3points
andB = y,nl

4 points

= Fy =2,NR, |



