
Phys222 Fundamental Physics ll-S Test #1

Your name:

Time al lowed: 75 minutes

Please answer ALL quest ions

This is a closed-book, closed-note, and closed-neighbor exam' You are al lowed to have a3"x5"

card with information, a calculator (not a computer),  and your wri t ing instruments'

please make sure that al l  cel l  phones are set to not disturb others during the exam'

Thereare twe|vemu| t ip lecho icequest ionsandtwoworkoutprob |ems.
Each mult iple choice quest ion has only one correct choice'  Please circ le the correct answer on

the test sheets.
Each mult iple choice quest ion is worth 5 points '  Each work out problem is worth 20 points '  The

total  points are L00 Points.
you need to wri te down al l  the steps in solving the problem 'You wi l l  NOT receive any credit  for

correct numerical  solut ions that are unsupported by adequate work ( i .e. ,  you need to wri te

down al l  the steps in solving the problem)'

when you are f in ished you can turn your exam in and leave'  Please be respectful  of  other

students who may st i l l  be working and be as quite as possible during your egress

Good luck!

MULTIPLE CHOICE QUESTONS

1. Doug rubs a piece of fur on a hard rubber rod, giv ing the rod a negat ive cha rge '  what happens?

a. Protons are removed from the rod'
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@ rt".,tons are transferred from the fur to the rod'

c.  The fur is also charged negat ively '

d.  The fur is lef t  neutral '

2 . T w o p o i n t c h a r g e s e a c h h a v e a v a | u e o f + 3 0 . 0 m C a n d a r e s e p a r a t e d b y a d i s t a n c e o f 4 . 0 0 c m . W h a t i s
the electric field midway between the two charges? (k, = 8.99 x 1Os N'm2/c2; 1 mC=10-3C)

a. 40.5 x 10? N/c

b. 20.3 x 107 N/C
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3. Relat ive distr ibut ion of charge density on the surface of a conduct ing sol id depends on:

z.\
(a) t t ' te shaPe of the conductor '

b.  mass densitY of the conductor '

c.  type of metal  of  which the conductor is made'

d. strength of the earth's gravi tat ional f ie ld '

4 . A c h a r g e , + Q , i s p | a c e d i n s i d e a b a | | o o n a n d t h e b a | | o o n i s i n f | a t e d . A s t h e r a d i u s o f t h e b a | | o o n r
i n c r e a s e s t h e t o t a l n u m b e r o f f i e | d l i n e s ( i ' e . , t h e n e t e | e c t r i c f l u x ) g o i n g t h r o u g h t h e s u r f a c e o f t h e

R Ou"rlns M 4 -  T
( G,; &^, )

increases ProPortiona I to l .

increases ProPortional to r.

stays the same.

decreases as1.lr '
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5 , An erectron (charge _1.6 x 1o-le c) moves on a path perpendicurar to the direct ion of a uniform electr ic

f ie ld of strength 3.0 N/C. How much work is done on the electron as i t  moves 15 cm?

a  4 .8x r . o -20 ,  4  , l  f  E  
' 1  t ' / n r ' i . ' od= l i ' { t " o \  Lo59o '=o

b .  - 4 . 8 x 1 0 - 2 o J  I  I

l - " J 4 {  |  ,  n - i n l t e
c.  1 .6*10- 'or  I  t l  I
/ r \  I  . '  1  |  " ' W n g t o
(a) z",o ' Fu

There is a hol low, conduct ing, uncharged sphere with a negat ive charge at the center of the hol low'

consider the erectr icar potent iar at  the inner and outer surfaces of the sphere. which of the fol lowing is

true? (Hint:  use the propert ies of the conduct ing hol low sphere at i ts electrostat ic equi l ibr ium')

6 .
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plates of a capacitor,  which are disconnected from

n 4
a. 36 pV .,4-?r 

' -' (' \) = #" I Y7' 4

b . 3 6 o p V  f  A  A { - . - q s e n c ! . u c f ' , n . V r , g . t ' b , V s * 6 r , a[, .' +, - \
1.8 x 1o3V \ -/  r,r. ,nol y,n : o

a. The potent ial  on the inner surface is greater.

b. The potent ial  on the outer surface is greater.

c.  The potent ials on both surfaces are zero'
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fO) ff'r" potentials on both surfaces are equal but not zero'
\,/

/ t v
d. >1.8 x 104 V V *-,4o.,-=V*r+r*= Kn T CV. q 7

8 . A 20-pF (tprf=tO 6F) capacitor is at tached across a 1OO0-V power supply.  What is the charge on the

capacitor (1 mC=10 3C)?

a.  L0  mC o--
A V

40 mC

none of the above

Increasing the separat ion of the two charged paral lel

a battery, will produce what effect on the capacitor?

increase charge

decrease charge

increase caPacitance

decrease caPacitance

A sol id conduct ing sphere of l -0 cm radius has a net charge of 20 nC (L nC=10-s C).  l f  the potent ialat

inf ini ty is taken as zero, what is the potent ial  at  the center of the sphere (1 LtV=10 
6 V)?
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10. l f  three 4.0-1tF capacitors are connected in paral lel ,  what is the combined capacitance?

@ n1'r
f*.fl* oxfae;t*g u-'rubt'*'l r^ 7*^'/A '

t1  =  C ' tC ' t  c 'c.

d .

IL. ALO.O-pFcapacitor is attached to a 20-V power supply' How much energy is stored in the capacitor?

(tpF=10-6F)

@ ,.ox 1o-3 J E = * C("VI
1.2 x 10-3 J

2.0 x 10-4 J

5.2 x 1O-4 J

12. A paral lel-plate capacitor with plate area A and plate separat ion d has a capacitance of 3 '0 with the gap

between the plates unfilled. The gap is then fil led with two dielectric materials' one with dielectric

constant 2.0 and the other one with dielectr ic constant 4 '0 '  Each slab of dielectr ic has area A and

thickness d/2, thelayering of the dielectrics resulting in the gap being completely fil led' which of the

following combinations of capacitors will have the same capacitance as the newly fil led parallel-plate

c.

d .

0.75 pF

8.O 1tF

O.46 pF

one?

a. a 6.0- capacitor and a L2- capacitor in paral lel

b.  a 6.0- capacitor and a 12- capacitor in ser ies

c. a 24- capacitor and a 1-2- capacitor in paral lel

C t t  K r

Cr ((

A t 4 *
,,( 

;" $orte2
*,

t,
@ t 24- capacitor and a L2- capacitor in series

C  ,=  K ,  c :  =  Y rT rh  =  zK r  co

C, = (rC= t<. ah = 2 E'co



Problem 1

An electr ic f ie ld of intensi ty 3.50 kN/C (1kN=103 N) is appl ied along the x-axis.  calculate the electr ic f lux

through a rectangular plane 0.350 m wide and 0.700 m long i f  (a) the plane is paral lel  to the yz-plane, (b)

the plane is paral lel  to the xy-plane, and (c) the plane contains the y-axis and i ts normal makes an angle

of 40.0" with the x-axis.

solut ion: The area of the rectangular plane is 4 -  (0.350 m)(0.700 rrr)= 0.245 ni : .

(a) When the plane is paral lel  to the yz-plane, i ts normal l ine is paral lel  to the .r-axis and

makes an angle d = 0o with the direct ion of the f ie ld.  The f lux is then

e,, = M cos 0= (:.so x t0' N/c)(o .245 m') cos 0" = E BT;7C]

(b) When the plane is paral lel to the x-axis, 0 =90o and <D, = S

(c) (D. = E4cosd =(:.stlx r0' N/c)(o .245 m1)cos40.0'=Fs7-x "t/E



Problem 2

A paral lel-plate capacitor has capacitance 3.00 pF (1 pF=10" f) .  (r)  How much energy is stored in the

capacitor if it is connected to a 6.00-V battery? (b) lf the battery is disconnected and the distance

between the charged plates doubled, what is the energy stored? (c) The battery is subsequent ly

reattached to the capacitor,  but the plate separat ion remains as in part  (b).  How much energy is stored?

Solut ion: (a) The energy ini t ia l ly stored in the capacitor is

(b) When the capacitor is disconnected from the battery, the stored charge becomes isolated

with no way off  the plates. Thus, the charge remains constant at the value O, as long as the

capacitor remains disconnected. Since the capacitance of a paral lel-plate capacitor is

C = K e,, Altl, when the distance d separating the plates is doubled, the capacitance is

decreased by a factor of Z (C , = C,12= I .50 /F). The stored energy (with Q unchanged)

becomes

(Ener:gy storerl), =€+ ={c,1ou;' = ]1:.oo trrF')(6.00 v)' ="  2 C  2 "  ' ' ,  2 '

(Energy stored), = * = - "9 ^, = r( +)= 2(Enersy stored), ="  2C,  2 \C, ,2 )  \2C,  )

(c) When the capacitor is reconnected to the battery, the potential difference between the

plates is re-established at the original value of 6y = (AV), = 6.00 V, while the capacitance

remains at C = C,12= I.50 pF. The energy stored under these condit ions is

l l

(Errergy srored), =:c,(av;l =-(l.so /FX6.00 v)' =FTo7il
/ . 2
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