ASSIGNMENT 5 PHY1124B Winter 2017
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STUDENT LAST NAME: STUDENT NUMBER:

1 Two identical metallic blocks resting on a frictionless horizontal surface L i,
are connected by a light metallic spring having the spring constant 100 N/m and @

an unstretched length of 0.300 m as shown in Figure P19.57a. A total charge of Q

is slowly placed on the system, causing the spring to stretch to an equilibrium length of ;

0.400 m as shown. Determine the value of Q, assuming that all the charge resides on _LPvwwwwwll

the blocks and modeling the blocks as point charges. *

k 2 2
Charge % resides on each block, which repel as point charges: F = % - k( I— L{) .Solving for
k(L-L;
0.0-|2L kL-L) |,
kE
2 Two small spheres of mass m are suspended from strings of length £ that are connected at a

common point. One sphere has charge 0, and the other has charge 2Q. The strings make angles 0,
and @ , with the vertical.

(a) How are @ ; and @ ;, related?

(b) Assume that 6 ; and 8 , are small. Show that the distance » between the spheres is given by

2 \1/3
m[zuceQ z]
mg

(a) From the 2Q charge we have F,-T,sin6, =0 and mg—1T, cos&, =0.

r .
Combining these we find £ = Lsing =tan,.
mg T, cos6, ¥
From the Q charge we have F,=T;sin@ =0 and mg—T, cosé, =0.
F, T;sin@ :
Combining these we find —e =17 "l _tan6, or | 6, =6, |. o
B g~ Tocoss, ~ 2 72
k,2 2k,Q
o k0 %0
4 r
/2

If we assume @ is small then tan@~ L Substitute expressions for F, and tané into
either equation found in part (a) and solve

forr.

F W (1) r (40> )"
~ =tan§ then —5~—| — | ~ — and solving for r we find r ~ Le— .
mg r mg mg
3 Find the electric field at the point 20 cm above the center of the square made of 4 charged
rods of L =20cm and Q=1mC each. ( use the opposite page to present your solution with full
diagram)

Bases on geometry the field at this point is equal to 4 times the normal components of the |E| from
single rod at distance v500cm.

0

_ 8 1 _ 16899-10%1073 109
Teoo 1 = \/EZke/U(lz 5 J_ 7 oavoorroos - 14 10°N/C
INEFY

4 A vertical electric field of magnitude 2.00 x 10* N/C exists above the Earth’s surface on a day
when a thunderstorm is brewing. A car covers a rectangle measuring 6.00 m by 3.00 m on the
roadway below it, which is built on dry fill. The roadway slopes downward at 10.0°. Determine
the electric flux through the bottom of the car.

®; = EAcosf=(2.00x10* N/C}(18.0 m’)cos10.0°=| 355 kN-m’/C
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5 At some moment of time the following charges are placed (fixed) at given coordinates

Q(l s 1 ] 1) 5 _ZQ(1:273)5 _Q(anaz): +2Q (190:2)
Find the total flux through the surface of the sphere centered at (0,0,0) and having radius of

a)l ANS: TOTAL Flux=0 ( 0 charge inside)

b) 3'3 ANS:TOTAL Flux=0 (0 charge inside)

)4 ANS: TOTAL Flux=0 ( Ocharge inside)

d) 4 ANS: TOTAL Flux =0 ( all charges inside = sum of charges =0)
6 1) The total electric flux through this box is: E= (INIC,up)

RERRER
" RARRRRE.
|

R e S e SR

T

E = (1 N/C, down)
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ii) Find the flux through the circular disk of radius 5 cm which
is placed at distance 5 m from the single point charge Q=2mC. The point charge is on the axis
perpendicular to the disk and passing through its centre.

® = disc q m?q 1 2:-107C
" full spheree, 4mR%e, 400008.85-10-12

N
=5649.7 = 56506m2

7 Calculate the electric potential at point P on the axis of the
annulus shown on the right which has a uniform charge density o.

av = L where dg=odA=c2xrdr
Vr? +x?
b ordr
V= 27[0'](8_[— = ZﬂkeO'|:\/x2 +b? —\/x2 +a° ]
1+ x
8 Obtain the expression for the electric potential at distance r from the centre of the charged
cylindrical conductor of radius R and infinite length.

If p is positive, the field must be radially outward. Choose as the gaussian
surface a cylinder of length L and radius 7, contained inside the charged rod.

Its volume is 77 7°L and it encloses charge pm #’L . Because the charge

distribution is long, no electric flux passes through the circular end caps;
E-dA = EdAco0s90.0° = 0. The curved surface has E-dA = EdAcos 0°,
and E must be the same strength everywhere over the curved surface.

q pr’L
Gauss’s law, fE “dA =—, becomes E f dA = )
@ Curved G]

Surface

o prr’L
Now the lateral surface area of the cylinder is 2w 7L : E(Z]t r)L = .

Thus,E = % radially away from the cylinder axis |.

&B) Use the result of the Part A to get the expression for the infinite cylindrical capacitor of inner
radius a and out radius b
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9 A point charge Q is located just above the center of the flat face of a
hemisphere of radius R as shown in Figure P24.15. What is the electric flux i
(a) through the curved surface and (b) through the flat face? - I+Q
O |
R
(a) With & very small, all points on the hemisphere are nearly at a

distance R from the charge, so the field everywhere on the

curved surface is -

radially outward (normal to the

surface). Therefore, the flux is this field strength times the
area of half a sphere:

(Dcurved = jE -dA = Elocal Ahemisphere

Dyrved = [ke %} [147sz] ST YO s 24

2 4r e, 2¢g
(b) The closed surface encloses zero charge so Gauss’s law gives
® Dgoe =0 Doy = —P |2
curved T Pflat = or flat =~ Fcurved — 2 .
So
| s |
10 A parallel-plate capacitor is constructed by filling the space between
two square plates with  blocks of three dielectric materials, as in —F
Figure. You may assume that € >>d. (a) Find an expression for T P d/9
the capacitance of the device in terms of the plate area A and d, k3, ’ K ) ¥
K,, and k3. (b) Calculate the capacitance using the values A = 1.00 r !
cm’, d = 2.00 mm, k; = 4.90, K, = 5.60, and k3 = 2.10. L K
/2]
K € A2 K Al2 K Al2 le—f{ —>
d d/2 d/2 T \\\ ) K 42
-1 " "'._ -
=t - - NN
C2 C3 Cz + C3 d K2 + K3 T AR A A
- /o>
(1 1) Al \
C=G +L_+_J I = (S L 3
G G d \2 KKy FIG. P26.61
(b) Using the given values we find: Ciotal =1.76 % 102 F=[1.76 PF |-
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50.0 kQ
11 In the circuit below, the switch S has been open AMA
for a long time. It is then suddenly closed. Determine the J;
time constant (a) before the switch is closed and (b) after ——10.0V 10.0 uF
the switch is closed. (c) Let the switch be closed at t = 0. S '
Determine the current in the switch as a function of time.

(a)rzRC=(1.50><105 Q)(lo.oxm—6 F): 100 kO
(b) 7= (1.00 x10° Q)(lo.o x107 F) -

(c)The battery carries current 10—0V3 =200 pA.
50.0x10° Q
The 100 kQ carries current of magnitude ] = Ioeft/RC = [M} e 00,
100x10° Q

So the switch carries downward current | 200 uA + (100 ,UA) g 0S|

12 Calculate the power delivered to each resistor shown below L L
50V —— LOQ g Q2 == 20V
200
AN
P28.30 We apply Kirchhoff’s rules to the second diagram. 200 Q
-V 3 Q Q = Vv
20.0—2.001; +2.00I, =0 Iy
1
)
2.00Q
. . 20040
Substitute (3) into (1), and solve for I, I,, and I, Yy
I,=200A;1,=500A; I,=15.0 A. +500 200 1200
Then apply P =I’R to each resistor: t, Vi by
(200 Q);:
P =12(2.00 Q) =(20.0 A)*(2.00 Q) =[ 800 W FIG. P28.30

, 500 )’

(r000):  p=(22 A} (400 0)=[250W]
(Half of 1, goes through each)

(2.00 Q),:

P =13(2.00 Q) =(15.0 A)*(2.00 Q) =[ 450 W .



