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[image: image5.png]Assig #1, 205

Four identical point charges (q = +10.0 kC) are located on the
comers of a rectangle (0, 0), (0, W), (L, 0) and (L, W) where L.
=600 em and W = 150 cm. Caleulate the magnitude and
dircction of the net electric force exerted on the charge at (0,
0) by the other three charges.

Tn a thundercloud there may be an electric charge of +40 C
near the top and -40 C near the bottom. These charges are
separated by approximately 2.0 km. What is the electric force
between  them?

Two 2.0-4C point charges are located on the x-uxis. One is at x
= 1.0 m, and the other is at x = -1.0 m. (a) Determine the
clectric field on the y-uxis at y = 0.50 m. (b) Calculate ihe
electric force on 4 -3.0-4C charge placed on the y-axis at y =
050 m

A uniformly charged disk of radius 35 cm carries a charge
density of 7.9 x 10° C/ur’. Calculate the electric field on the
axis of the disk at (1) 5.0 cm, (b) 10 em, (c) 50 cm, and (d)
200 cm from the center of the disk.

A proton moves at 4.50 x 10° mis in the horizontal direction
L enters a uniform clectric field of 9.60 x 10° NC directed
vertically downward. Ignore any gravitational effects and find
(@) the time it takes the proton 10 travel 5.00 cm horizontally,
(b) its vertical displacement at that time, and (c) its velocity
vector at that time.

Aninsulating sphere is 8.00 cm in diameter and carries a 5.70-
HC charge uniformly distributed throughout its interior
volume. Calculate the charge enclosed by a concentric
spherical surface with radius (1) T = 2.00 cm and (b) r = 6.00

A sphere of radius a carries a volume charge density p =
Pdrla)’ for r<a. Calculate the electric field inside and outside
the  sphere.




*P25.2
(a)
We follow the path from (0, 0) to (20.0 cm, 0) to (20.0 cm, 50.0 cm).






[image: image6.emf]








(work done)






[image: image7.emf]








[work from origin to (20.0 cm, 0)] 







– [work from (20.0 cm, 0) to (20.0 cm, 50.0 cm)]



Note that the last term is equal to 0 because the force is perpendicular to the displacement.






[image: image8.emf]AU =—(gE,)Ax=-(12.0x 10" C)(250 V/m)(0.200 m)

=| -6.00x107*J












(b)

[image: image9.emf]-4
av=2U_ 000XA0J _ 54 5/c-[S500v

g  120x10°C











P25.8
(a)
The electron-electric field is an isolated system: 





[image: image10.emf]











The potential difference is then





[image: image11.emf]mo?  (9.11x107 kg)(2.85% 10" m/s)’

A==y =T 2(1.60x10™ C)

=-231x10° V=|-2.31kV











(b)
From (a), we see that the stopping potential is proportional to the kinetic energy of the particle. 




[image: image12.emf]Because a proton is more massive than an electron, a proton
traveling at the same speed as an electron has more initial kinetic

energy and requires a greater magnitude stopping potential.












(c)
The proton-electric field is an isolated system: 





[image: image13.emf]Ki+U; =K, +U;
lm v +eV.=0+eV
5 Ui +eY; i

e(Vf —Vi): %mpvf












The potential difference is





[image: image14.emf]











Therefore, from (a), 
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AV,  m,o; /26
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P25.22
The charges at the base vertices are d/2 = 0.010 0 m 
from point A, and the charge at the top vertex is 




[image: image16.emf]










from point A. 
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P25.33
A cube has 12 edges and 6 faces. Consequently, there are 12 edge pairs separated by s, 2 × 6 = 12 face diagonal pairs separated by 
[image: image18.emf]








, and 4 interior diagonal pairs separated by 
[image: image19.emf]








.



[image: image20.emf]kg’
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P25.37

[image: image21.emf]V=a+bx=10.0 V+(-7.00 V/m)x











(a)
At x = 0,

[image: image22.emf]10.0 V













At x = 3.00 m,

[image: image23.emf]-11.0V













At x = 6.00 m,

[image: image24.emf]=320V












(b)

[image: image25.emf](=7.00 V/m) =| 7.00 N/C in the + x direction











P25.45
(a)
As a linear charge density, 
[image: image26.emf]








l

 has units of C/m. So 
[image: image27.emf]oa=A/x









 must have units of C/m2:




[image: image28.emf]BN‘ A
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(b)
Consider a small segment of the rod at location x and of length dx. The amount of charge on it is 
[image: image29.emf]Adx = (ax) dx.









 Its distance from A is d + x, so its contribution to the electric potential at A is






[image: image30.emf]oxdx
cd+x

dV = kdq 3
r












Relative to V = 0 infinitely far away, to find the potential at A we must integrate these contributions for the whole rod, from x = 0 to x  = L. Then 
[image: image31.emf]











To perform the integral, make a change of variables to 


u = d + x, du = dx, u(at x = 0) = d, and u(at x = L) = d + L:





[image: image32.emf]:Id+LMdu:keaJ du - kadj“( )
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[image: image33.emf]V=kou|7" -kodin u
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P25.72
Following the problem’s suggestion, we use dU = Vdq, where the potential is given by 
[image: image35.emf]








. The element of charge in a shell is 
dq =  (volume element) or 
[image: image36.emf]dq = p(4nr’dr)









 and the charge q in a 
sphere of radius r is




[image: image37.emf]q= 47rp_[r2dr = p(
0

Ay

3












Substituting this into the expression for dU, we have




[image: image38.emf]3 2
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But the total charge, 
[image: image39.emf]








. Therefore, 
[image: image40.emf]








.
P26.1
(a) 
From Equation 26.1 for the definition of capacitance, 
[image: image41.emf]








 we have




[image: image42.emf]=[9.00 V]











(b)
Similarly,





[image: image43.emf]=[12.0V]










P26.8
(a)

[image: image44.emf]k& A_(1.00)(8.85x10™ C*/N-m*)(2.30x10™ m’)
d 1.50x10° m

=1.36x10"? F=

C=












(b)

[image: image45.emf]Q=CAV =(1.36 pF)(12.0 V)=









 


(c)

[image: image46.emf]AV 120V
d 150x10° m

=(8.00x10° V/m|











P26.13
(a)
Capacitors in parallel add. Thus, the equivalent capacitor has a value of




[image: image47.emf]C,,=C,+C,=5.00 uF +12.0 uF =

17.0 uE












(b)
The potential difference across each branch is the same and equal to the voltage of the battery.




[image: image48.emf]9.00 V












(c)

[image: image49.emf]Q, =CAV =(5.00 uF)(9.00 V) =

45.0 uC














[image: image50.emf]Q,, = CAV =(12.0 uF)(9.00 V) =

108 uC











P26.19
(a)
The equivalent capacitance of the series combination in the upper branch is 




[image: image51.emf]1 1 1
- =
C C, G,

upper

L 1 c  —2004F
3.00 uF  6.00 uF = ¥













Likewise, the equivalent capacitance of the series combination in the lower branch is




[image: image52.emf]1 1 1

+ —
2.00 uF 4.00 uF

C

1 1
b ower = 1.33 uF
C C G

lower












These two equivalent capacitances are connected in parallel with each other, so the equivalent capacitance for the entire circuit is




[image: image53.emf]Cey = Cupper + Ciower = 2:00 tF +1.33 uF =[333 uF











(b)
Note that the same potential difference, equal to the potential difference of the battery, exists across both the upper and lower branches. Each of the capacitors in series combination holds the same charge as that on the equivalent capacitor. For the upper branch: 




[image: image54.emf]Qs = Qg = Qupper = Cupper (AV) =(2.00 pF)(90.0 V) = 180 uC









 s



so,

[image: image55.emf]180 uC on the 3.00-uF and the 6.00-uF capacitors













For the lower branch:




[image: image56.emf]QZ = Q4 = Qlower = Clower (AV) = (133 ‘UF)(9OO V) = 120 ‘UC












so,

[image: image57.emf]120 uC on the 2.00-uF and 4.00-uF capacitors











P26.23
 (a)
We simplify the circuit of Figure P26.23 in three steps as shown in ANS. FIG. P26.23 panels (a), (b), and (c). First, the 15.0-µF and 3.00-µF capacitors in series are equivalent to 





[image: image58.emf]1

(1/15.0 uF) +(1/3.00 uF)









 = 2.50 µF




Next, the 2.50-µF capacitor combines in parallel with the 6.00-µF capacitor, creating an equivalent capacitance of 8.50 µF. At last, this 8.50-µF equivalent capacitor and the 20.0-µF capacitor are in series, equivalent to 




[image: image59.emf]1
(1/8.50 uF) + (1/20.00 uF) _









 
[image: image206.jpg]WA
2.00Q

—18.0V 0.750QE

4.00Q
W

(a)




[image: image207.jpg]25 uF ¢ |_'b

20 uF

6.0 uF





(b)
We find the charge on each capacitor and the voltage across each by working backwards through solution figures (c)–(a), alternately applying 
[image: image60.emf]Q=CAV









 and 
[image: image61.emf]AV=Q/C









 to every capacitor, real or equivalent. For the 5.96-µF capacitor, we have 





[image: image62.emf]Q=CAV =(5.96 uF)(15.0 V)
=[89.5 uC










 



Thus, if a is higher in potential than b, just 89.5 µC flows between the wires and the plates to charge the capacitors in each picture. In (b) we have, for the 8.5-µF capacitor,





[image: image63.emf]












and for the 20.0-µF capacitor in (b), (a), and the original circuit, we have Q20 = 89.5 µC. Then






[image: image64.emf]Ay =8 - 89:5uC
© = C " 20.0 uF

4.47

\Y













Next, the circuit in diagram (a) is equivalent to that in (b), so 

[image: image65.emf]AV,









 = 4.47 V and 
[image: image66.emf]








 = 10.5 V.




For the 2.50-µF capacitor, 
[image: image67.emf]








 = 10.5 V and 






[image: image68.emf]Q=CAV =(2.50 uF)(10.5 V)=[26.3 uC













For the 6.00-µF capacitor, ∆V = 10.5 V and 





Q6  = C∆V = (6.00 µF)(10.5 V) = 
[image: image69.emf]632 1C














Now, 26.3 µC having flowed in the upper parallel branch in (a), back in the original circuit we have Q15 = 26.3 µC and 
Q3 = 26.3 µC.
P26.34
(a)
The equivalent capacitance of a series combination of C1 and C2 is




[image: image70.emf]1 1 1 1 1
C., C, C, 180uF 360uF 120 4]

€q












(b)
This series combination is connected to a 12.0-V battery, the total stored energy is 




[image: image71.emf]u

1

E,eqzz

2 1 — 2
C,(AV) =E@20x106Fy120V)=

8.64x107* |












(c)
Capacitors in series carry the same charge as their equivalent capacitor. The charge stored on each of the two capacitors in the series combination is




[image: image72.emf]Q= Q, = Qu = Cy (AV) =(12.0 uF)(12.0 V)
=144 uC=1.44x10" C












and the energy stored in each of the individual capacitors is: 



18.0 µF capacitor:

[image: image73.emf]uEl

@ (144x10*C)
©2C, 2(18.0x10°F)

5.76x107* J













36.0 µF capacitor:






[image: image74.emf]uEZ

_ @ (144x10*C)

~2C, 2(36.0x10° F)

2.88x107" ]












(d)

[image: image75.emf]U, +U,,=576x10"J+2.88x107* J=8.64x10" J=U
1T YE2

which is one reason why the 12.0 uF capacitor is considered

E,eq’

to be equivalent to the two capacitors.












(e)

[image: image76.emf]The total energy of the equivalent capacitance will always equal

the sum of the energies stored in the individual capacitors.












(f)
If C1 and C2 were connected in parallel rather than in series, the equivalent capacitance would be Ceq = C1 + C2 = 18.0 µF + 36.0 µF = 54.0 µF. If the total energy stored in this parallel combination is to be the same as stored in the original series combination, it is necessary that 





[image: image77.emf]u

2
~C,(AV)

E, eq












From which we obtain




[image: image78.emf]2U 2(8.64x10™ J)
AV = / £req =\/ =5.66 V]
Cyy 54.0x10° F











(g)
Because the potential difference is the same across the two capacitors when connected in parallel, and 
[image: image79.emf]U, = %C(AV)Z,









 
[image: image80.emf]|the larger capacitor C, stores more energy.|











P26.38

[image: image81.emf]










(c)
The potential difference across each of the capacitors in the circuit is:




[image: image82.emf]








     





[image: image83.emf]













[image: image84.emf]60.0 V across the 3.00-uF and the 2.00-uF capacitors















[image: image85.emf]








     





[image: image86.emf]AV, = 1804C

= =[30.0 V]
C. 6.00uF















[image: image87.emf]30.0 V across the 6.00-uF and the 4.00-uF capacitors











P27.5
If N is the number of protons, each with charge e, that hit the target in time ∆t, the average current in the beam is 
[image: image88.emf]I=AQ/At=Ne/At,









 giving





[image: image89.emf]N =

I(At) (125%10° C/s)(23.0s)

e

1.60x10™" C/proton

1.80x 10" protons











P27.7
From 
[image: image90.emf]_4Q
Codt’









 we have dQ = I dt.

From this, we derive the general integral:

[image: image91.emf]Q=[dQ=[Idt











In all three cases, define an end-time, T:

[image: image92.emf]Q= [ 1edt











Integrating from time t = 0 to time t = T: 

[image: image93.emf]










We perform the integral and set
 Q = 0 at t = 0 to obtain





[image: image94.emf](e‘T” —eo): I 1(1—e‘T”











(a)
If T = 
[image: image95.emf]










[image: image96.emf]Q(r)=It(1-¢")=

(0.632)1,7












(b)
If T = 10
[image: image97.emf]








 

[image: image98.emf]Q(107)=1I,7(1-¢™)=](0.999 95)I,7












(c)
If T = 
[image: image99.emf]










[image: image100.emf]Q(eo)=I,7(1-¢7)

I











P27.18
Using 
[image: image101.emf]








 and data from Table 27.2, we have 




[image: image102.emf]Le, Ly Ta_Pa

2
T rCu T rAl Tcu  Pcu

Pcu











which yields



[image: image103.emf]T _ [P :\/2.82><10‘8 Qm _rog
few \Pow V1.70x10° Q-m










P27.20
(a)
Given total mass 
[image: image104.emf]m=p,V=p,Al

- A=

|z

P









    where   




[image: image105.emf]








 mass density.



Taking 
[image: image106.emf]








rº

 resistivity, 
[image: image107.emf]2
RoPL__PL_ PPl

A mlpt m












Thus, 
[image: image108.emf]mR
PP, |












(b)
Volume 
[image: image109.emf]








    or 





[image: image110.emf]m’ pp,

P, mR











P27.22
(a)
n is 
[image: image111.emf][ unaffected |-











(b)

[image: image112.emf]= o<l









 so it 
[image: image113.emf][ doubles |.











(c)

[image: image114.emf]J =nev,









 so 
[image: image115.emf]








 
[image: image116.emf][ doubles |.











(d)

[image: image117.emf]








 is 
[image: image118.emf]unchanged










as long as σ  does not change due to a temperature change in the conductor.
P27.69
Since there are 2 wires, the total length is 
[image: image119.emf]£ =100 m.









 The resistance of the wires is




[image: image120.emf]_(0.108 Q

)(100 m)=0.0360 Q
300 m











(a)
We find the potential difference at the customer’s house from





[image: image121.emf](AV)pome =(AV),, —IR=120 V(110 A)(0.036 0 ) =[ 116 V |











(b)
The power delivered to the customer is





[image: image122.emf]P=1(AV)=(110 A)(116 V)=[ 12.8 kW ]











(c)
The power dissipated in the wires, or the energy produced in the wires, is





[image: image123.emf]P

wires

=I’R=(110 A)’(0.036 0 Q)=| 436 W










P27.78
(a)
The resistance of the dielectric block is 
[image: image124.emf]








.



The capacitance of the capacitor is 
[image: image125.emf]











Then 
[image: image126.emf]RC= d K A_ K€

oA d o









 is a characteristic of the material only.


(b)
The resistance between the plates of the capacitor is





[image: image127.emf]_K& _pPK&
“oC  C
(75x 10" ©-m)(3.78)(8.85x10™* C*/N-m?)
140x10”° F

=|1.79%x10"° Q











P28.14
(a)
The resistance between a and b decreases. The original resistance is





[image: image128.emf]R+ 1 =R+50Q
1 1

+
90+10 10+90













Closing the switch changes the resistance to





[image: image129.emf]1 1
R+1 1+1 1:R+1SQ

9 10 10 90












(b)
We require R + 18  = 0.50(R + 50 ), so R = 14.0 .
P28.19
To find the current in each resistor, we find the resistance seen by the battery. The given circuit reduces as shown in ANS. FIG. P28.19(a), since 
[image: image208.jpg]—

85 uF 20 uF







[image: image130.emf]1

/1009 + a/3000) 70












In ANS. FIG. P28.19(b), 




I = 18.0 V/6.75  = 2.67 A
[image: image209.jpg]


[image: image210.jpg]=4 q
od ot

|<— 200 cm —>|




This is also the current in ANS. FIG. P28.19(a), so
 the 2.00- and 4.00- resistors convert powers 



[image: image131.emf]P,=IAV =I*R=(2.67 AY(2.00 Q)=[142 W









 


and

[image: image132.emf]P,=I*R=(2.67 AY(4.00 Q)=[284 W











The voltage across the 0.750- resistor in 
ANS. FIG. P28.19(a), and across both the 3.00- 
and the 1.00- resistors in Figure P28.19, is 



[image: image133.emf]AV = IR =(2.67 A)(0.750 Q)=[2.00 V











Then for the 3.00- resistor,




[image: image134.emf]_AV 200V
T R 3.00Q

I












and the power is




[image: image135.emf]P, =IAV = (

)(200 V) =[1.33 W]











For the 1.00- resistor,



[image: image136.emf]4.00 W











P28.33
(a)
Applying Kirchhoff’s junction rule at point a gives




I3 = I1 + I2
 
[1]


Using the loop rule on the lower loop yields





[image: image137.emf]+12.0-12.0I, - 16.01, =0









   or   
[image: image138.emf]4.001,

I,=1.00-
3.00











[2]
[image: image139.jpg]28.0 Q

120V
+

—>1

120 Q

—>

16.0 Q




ANS. FIG. P28.33


Applying the loop rule to loop forming the outer perimeter of the circuit gives





[image: image140.emf]+24.0-28.01, —16.0I, =0









   or    
[image: image141.emf]_24.0-16.01,
! 28.0










[3]


Substituting equations [2] and [3] into [1] yields 





[image: image142.emf]_240-160L 4 4001,
28.0 3.00










 



and multiplying by 84 to eliminate fractions:





[image: image143.emf]84.01, =72.0—48.01, + 84.0— 1121,
2441, =156












Then, equation [2] gives 
[image: image144.emf]








 and equation [3] yields   
[image: image145.emf]








.


(b)
The power delivered to each of the resistors in this circuit is:




[image: image146.emf]Pgoq=1"Ry,,=(0.492 A)*(28.0 Q)=6.77 W














[image: image147.emf]P,yo=12R,,,=(0.148 A)(12.0 Q)=[0.261 W














[image: image148.emf]Poo=1IR,,q=(0.639 AY(16.0 Q)=[6.54 W










P28.70
(a)
When the capacitor is fully charged, no current exists in its branch. The current in the left resistors is IL = 5.00 V/83.0. The current in the right resistors is IR = 5.00 V/(2.00  + R).



Relative to the positive side of the battery, the left capacitor plate is at voltage




[image: image149.emf]V, =5.00 V —(3.00 Q)(S'OO V) =(5.00 V)(l—@)
83.0 Q 83.0









 


and the right plate is at voltage





[image: image150.emf]2.00 Q)(5.00 V)
2.00 Q+R

V, =5.00 v

=(5.00V)(1— 2.00 )

2.00+R











where R is in ohms.  The voltage across the capacitor is





[image: image151.emf]3.00
AV =V -V, =(5.00 V)| 1= 22
c=Ve=( )( 83.0)
—(5.00V)(1— 2.00 j
2.00+R
AV:(S.OOV)( 2.00 _3.00)
2.00+R 83.0












The charge on the capacitor is





[image: image152.emf]200  3.00
—CAV =(3. 00V _
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200  3.00
—(15.0 uC -
q=(150u )(2.00+R 83.0)














[image: image153.emf]~ 300
17200+ R

—0.542, where g is in microcoulombs

and R is in ohmes.











(b)
With R = 10.0 , 





[image: image154.emf]30.0 30.0
_ —0542=——>" (0542 =[1.96 uC|
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(c)

[image: image155.emf]








 Setting q = 0, and solving for R,





[image: image156.emf]2.00 3.00}
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(d)
By inspection, the maximum charge occurs for R = 0. It is





[image: image158.emf]200  3.00
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(e)

[image: image159.emf]Yes. Taking R = oo corresponds to disconnecting the wire|










 to remove the branch containing R:
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P29.8
The force on a charged particle is proportional to the vector product of the velocity and the magnetic field: 





[image: image161.emf]E,=qvxB=(1.60x10" C)[(zi — 4§ + K)m/s)x((+2j-k) T}












Since 1 C · m · T/s = 1 N, we can write this in determinant form as: 




[image: image162.emf]= 0" N)
(1.60x1
F, =
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Expanding the determinant as described in Equation 11.8, we have




[image: image163.emf]F,, =(1.60 x 10 N) [(-4)(-1) - )Q)]i
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Again in unit-vector notation, 




[image: image166.emf]F, = (1.60x10™ N)(2i + 3j + 8k)
=(3.20i +4.80j + 12.8k)x10™° N
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P29.22
(a)
The boundary between a region of strong magnetic field and a region of zero field cannot be perfectly sharp, but we ignore the thickness of the transition zone. In the field the electron moves on an arc of a circle:
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[image: image169.emf]v |gB (1.60x10™" C)(10° N-s/C-m)
r T 9.11x107 kg
=1.76 x 10® rad/s














The time for one half revolution is, from 
[image: image170.emf]AB = wAt,














[image: image171.emf]At =—
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(b)
The maximum depth of penetration is the radius of the path. The magnetic force cannot alter the kinetic energy of the electron. 



Then,
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and
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P29.29
Fro the electron to travel undeflected, we require FB = Fe, so    



qvB = qE

where 
[image: image174.emf]








 and K is kinetic energy of the electron. Then,





[image: image175.emf]2(750 eV)(1.60x 107 J/eV)

9.11x 10" kg
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P29.37
Refer to ANS. FIG. P29.37. The rod feels force 
[image: image211.jpg]J, (out of paper)







[image: image176.emf]F,=I(LxB)=1d(k)xB(-j)= 14B(i)











From the work-energy theorem, we have
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or


[image: image179.emf]2
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and 


[image: image180.emf]IdBL = émv2
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P29.46
The torque on a current loop in a magnetic field is 
[image: image182.emf]7 =BIAN sin@









, and maximum torque occurs when the field is directed parallel to the plane of the loop ( = 90°). Thus,




[image: image183.emf]Tpe =(0.500 T)(25.0x107° A)
x| 7(5.00x10* m)’ |(50.0)sin90.0°

=14.91x10° N-m|












P29.54
(a)

[image: image184.emf]








   so   
[image: image185.emf]mat_ B _ 008001 _y 40000 /v
I AV, 0700x10°V













Then, the unknown field is   





[image: image186.emf]B
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(b)

[image: image187.emf]”T”’t =1.14x10° T/V









    so    




[image: image188.emf]I
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P30.7
We can think of the total magnetic field as the superposition of the field due to the long straight wire, having magnitude 
[image: image189.emf]2R









 and directed into the page, and the field due to the circular loop, having magnitude 
[image: image190.emf]Mol
2R









 and directed into the page. The resultant magnetic field is: 




[image: image191.emf]T

-7 .
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T
=5.52x107° =|5.52 uT into the page











P30.25
To the right of the long, straight wire, current I1 creates a magnetic field into the page. By symmetry, we note that the magnetic forces on the top and bottom segments of the rectangle cancel. The net force on the vertical segments of the rectangle is (from Equation 30.12): 
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ANS. FIG. P30.25
P30.34
We may regard the sheet as being composed of filaments of current 
[image: image195.emf]J.ds









 directed out of the page. According to the Biot-Savart law, the field contribution at a point has the direction 
[image: image196.emf]ds xt,









 where 
[image: image197.emf]








 points from the current filament to the point. Consider the field contributions at an arbitrary point P to the right of the sheet. Draw a line normal to the sheet that passes through P. Consider the contributions to the field at P from two filaments that lie along the same vertical line and are equidistant from the normal (and P). The upper filament contributes +z and +x field components, but the lower filament +z and –x field components. The resulting field from both filaments points in the +z-direction. By similar reasoning, the magnetic field at any point on the left side of the sheet points in the –z direction. These same arguments hold for any point within the sheet. Also, the same reasoning shows that for any pair of filaments that lie on the same vertical line, the magnetic field at a point midway between them is zero. Thus, the field has no horizontal component within the sheet. 


Therefore, each filament of current creates a contribution to the total field that is parallel to the sheet and perpendicular to the current direction. They create field lines straight up to the right of the sheet and straight down to the left of the sheet.


From Ampère’s law applied to the suggested rectangle,





[image: image198.emf]$B-ds=p,l: B-20+0=p,J/











Therefore the field is uniform in space, with the magnitude 
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P30.64
(a)
The magnetic field at the center of a circular current loop of radius R and carrying current I is 
[image: image200.emf]B=p,I/2R.









 The direction of the field at this center is given by the right-hand rule. Taking out of the page (toward the reader) as positive, the net magnetic field at the common center of these coplanar loops is
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(b)
By our convention above (out of the page is positive), the result of part (a) tells us that the net magnetic field is 
[image: image202.emf]into the page|










.


(c)
To have Bnet = 0, it is necessary that I2/r2 = I1/r1, or
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