PHYSICS 231 - Solution Key to Test 1

la.

1b.

1c.

2a.

The force isF' = ¢F, so the proton and electron experieragositeforces ¢F£ and —cF,
respectively).

From F' = ma, we see that the acceleration of the protosimsllerthan the acceleration of the
electron, because, < m,.

They move inoppositedirections.
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From Gauss's Law, the flux is

We can determin€).,,. by measuring the flux. To do that, we need to fiﬁdeverywhere ona
surface surrounding the bo¥ can be determined frorR = ¢E by placing a charge on the
surface and measuring the force it feels.

To build this arrangement, we need to bring the two charges together from infinity. In doing so,
we do work against the electric force,
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which cannot be zero. Therefore, these two charges can never have the same energy at distance
r as at infinite separation.

The electric field due tg; has components

B, =k (GE}Q) cos(—45°) = 5.97x10° N/C' | Ey, =k (a% sin(—45°) = —5.97x10° N/C
The electric field due tg, has components

By = ’%ﬁz) cos(—135%) = —7.16x10° N/C' , By, = ’“<a372> sin(—135°) = —7.16x10° N/C
The electric field due tg; has components

Es, = k(ang) cos(135°) = —5.97x10° N/C' , Es3, = k( 2/2) sin(135%) = 5.97x 10° N/C

The electric field due tg, has components
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The total electric field has components

cos(—45°) = —7.16x10° N/C |, Es, = k-—— B Gin(—45%) = —7.16%x10° N/C

P =k (@/2)

E,=Ei,+ Ey + F3, + Ejp = —1.432 x 10° N/C

E, = Ey, + Ey, + E3, + Ey, = —1.432 x 10° N/C



2b.

2cC.

3a.

3b.

3c.

The force on an electron has components
F,=—eE,=229x 107" N
F,=—eE,=229x 107" N
Its magnitude i§” = |/F? + F? = 3.24 x 107" N and forms an angle af5° with the z-axis.

The work is equal to the potential energyrt
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(a/V2)  (a/V?2) * @/v2) " (a/V2) =-76x10""J

U=k

At r = a, the surface charge density is

Q1
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= —6.6 x 1077C/m?

At r = b, the total charge must be; in order to shield); and maker = 0 inside conducting
shell. The surface charge density is

=
 4xb?

oy = +1.66 x 1077C/m?

The remaining charg®, — (—Q1) = Q2 + Q1 is atr = c¢. The surface charge density is
= 2= Y2 — 198 x1078C/m?

Using Gauss’s Law on a sphere of radiysiue to spherical symmetry, we have
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ForT’ > ¢ Qenc = Ql + QZ, E - QutQs _ 36,000 N-m2/C.

dmegr? T 72
Forb <r <¢, Qe =0, E=0N/C.
27,000 N-m2/C
Fora <r <b,Qene =01, £ = 472&2 = _r—zm/-

Forr < a, Qene =0, E=0N/C.

UsingVi — V, = [ E - dl along a radial path, we have:

Forr > ¢,
°° Q1+ Qs Qi+Q, 36,000V -m
— E / d / — d / — —
Vi) /r (r)dr . Amegr’? " 4degr r
Forb < r <eg,
Vi(r)=V(c) +/ E()dr' =V(c)+0= Q@ 20, 000 V
T 471'606



Fora < r < b,

b b
V(T) == V(b) +/ E(T’)dr, — M + Ql _ Ql + QQ Ql Ql

4mege . Amer?  dmegc degb  Amegr
27,000V -
= 42,500V — ==

Forr < a,

Q1+ Q2 1 n 1
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V(r)=V(a)+ /bE(r')dr' =V(a)+0= = —2,500V



