
Physics 241 - Exam #1 

This exarri corlsists of 13 problcms on 9 pages. Plcasc check that you have thein all. 
Each problem is wvrth 12 points except #13 which is ulort b li points. Thc maximum score 
possible is 150. 

All of the formulas that you will need are given below. You ruajr also usc a calculator 

av E x =  -- 1 
1 Volt = 1 J / C 1 Voltlm = 1 N / C UE = -qV 4 C =  - 

ax 2 v 

foA parallel plate capacitor : C = - 
d 

isolated spherical capacitor : C = 4 . 7 r ~ ~  R 

capacitors in parallel : C = Cl + C2 + C3... 
1 1 1  1 

capacitors in series : - = - + - + -... c c1 C2 C3 



1 1  1 1 
resistors in parallel : - = - + - + - .. q ( l )  -- qoc -r/(f;Cj = q o e - 1 / 7  

R R1 R2 R 3 -  



I .  'six electrons are placed on n r ~ ~ t h t  . , I  s ~ ~ l i , , : . ~ .  Ti the: pot,el~tiiil of the s1)hcr.c is -35 V. 
what is the radius of the sphcrc? 

(a) 4.6 x lO-'' 1x1 

(b) 9.0 x lop9 m 

(c) 4.1 x lo-' rn c@w 
(e) 5.0 x 10-'' m 

2. Two thin insulating shells have radii R1 = 0.50 m and Rp = 1.5 In. Both shells are 
charged uniformly: the outer shell has a total charge +3.5 C, w l ~ i l e  the inner shell 
carries an unknown amount of charge. If the electric field outside the - bigger shell is 
zero, what is the electric potential difference between the  two shells? 

70 7 -  I M C ~  g&dL;& ?-3/CC ' $ 

$ 2  > I U I Y ~  
& 6 - . b  l o l o  V s i k t b e  inner shell at a lower potential /+-;y--.- -- - 

* -4"- 

(b) 4.2 x 10" V with the inner shell at a lower potential 2 
(c) 8.4 x 10l0 V with the inner shell at a lower potential 

(d) 3.2 x 101° V with the inner shell at a lower potential 

(e) 6.3 x loL0 V with the inner shell at a higher potential 



3. '11 I io l l~- ,u-  11:ctal sphere has :t total r 11;lrgr: ~f XCIW.  )I point chargc Q sjt,s inside the 
l~o l l o~v  region, s l i g h t l ~  away f so~u  l , l ~ c :  r r l ~ t c r  r,f  tlle sphcre ,as slioiv~l below. I V l ~ a t  is 
t . 1 ~  cllnrge inducerl 011 the ouher q ~ i ~  fnre of bhc 111~tc21 sphere7 

( e )  zero 

4. Two infinite uiliformly charged planes are separated by a 
the left has a charge per unit  area of - 3 0 ,  and is at V = 0. The plane 011 t he  right 
has a charge per u n i t  area +o. What is the potential of the plane on the right? - 



5. 'l'li1.ee poiril charges are a~-rallgcd as slic>n.11 bclon.. Il:hat is t.he clr:ct,ric fit\I(l iit l . l~e 
origi~i? 

(a) -0.71k6)/L2 along .T 

-0.71kQ/L2 a l o n ~  y 

(c) +0.50kQ/ L2 along x 
+ 0 . 5 0 k - Q / ~ ~  along y 

(d) + kQ/ L~ along x 
+kQ/L2  along y 

(e) + ( 0 . 7 1 ) k Q / ~ ~  along x 
+ ( 0 . 7 1 ) k ~ / ~ ~  along y k &  I - t 0. 2 4  h 4  

)C: E,= t -, L' &I-5 ) *  S L  

6. A point charge Q is located as shown on the x axis a distance of 1.5 m from the origin. 
A second point charge 59 is located as shown an unknown distance L from the origin. 
The electric field at the origin is zero. Find 1;. 

(a) L = 2.3 m 

(b) L =  4.5 m 

(c) 1; = 7.5 m 

(d) L = 1.5 rn 



7 .  Five clcctrtjns a.re ccli~;llly spa(:cil around a senlicit'clc OI raclius R = 0.11 S In :is sllowri. 
W h a t  is thc clcctric j.~otcntial at Ihe origm' 

(a) -3.2 x 10V7 V 

(e) zero 

- - 8 

/7 - 
V 

-/ 

8. Consider the  circuit shown below, with R1 = 1.0 kfl, Rz = 1.5 kS1, R3 = 2.5 kS1, 
I& = 2.0 kfl, Vl = 5.5 V and I.i = 3.5 V. Illllat is the current through resistor Rq? 

(a) 0.29 lnA 

[b) 1.0 mA 

(c) 0.44 rnA 
(d) 2.3 mA 



9. Consiclcr the  c i r c ~ ~ i t  slloivrl l~elow, wi t  11 = 11.0 kb!, itz = '2.0 k l ? ,  C: - ,5.O pl.' and a 
1,at.t.cry ~ { ~ l t i ~ g e  is Il'htrt = 9 0 1'. ' 1 ' 1 1 ~  s~vitrtl is i~li t ial ly ope11 fnr a very i c j l ~ ~  t t . i n l ~ .  1'1~ 
switci! is the11 closed t - 0. IZ't~itt is t.he currc-!lit tbsougli ic;.sistor R1 t,tlr' i l l ~ t , i i ~ i t  

after t.he switch is c!os~d? 

q t d  23 & I  " ~b-t t=.' d &,A cctfl j 

(a) 1.6 mA 

(G) zero 

(e) 9.0 mA 

10. Consider again the circuit in Problem 9 above. After the switch is closed for a very 
long time, what is the charge on the capacitor? 

( c )  zero 

(d) 2.7 x C 

(e) 4.5 x loL5 C 



11 An elr.ctro11 r ~ ~ o r c s  a, c l i s t . a .~~c~  of 7.5 ~ t l  ~ , h r o ~ i g h  a rt:giol~ ivhere the t:lcct ric ficlcl E is 
collsta~lt and pa.ralle1 to tllc dls~~Iaceinc~ll .  The clcct,ron's y clterltial erlcrgy increases 
by 9.5 x 10-~". \ i ' l int  is the 111aguitude of E? 

ral 0.13 V l m  

'-3 
( c )  0.59 V/ln 

(d) 0.20 V/m 

(e) 1.2 x 10-~"/rn 

12. Three identical capacitors are connected as shown. If the equivalent capacitance of 
this corllbirlation is 37 pF, find C.  c 

5 - :  
,+ .> /-- 

,*- \ 2. 

(a) 37 pF 

19 PF 

(4 74 PF 

Id) 12 PF 



Notc: Problenl 13 is worth G points. 

13. In class wc did a dernonst,~-atiort tvil I 1  a capacitc~r wit,h movable plates and a11 nir g:~p. 
1% observed how the voIt,age arross the capacitor varied as the plate sepa.r'atio~l d was 

changed. Whicli of t-hc follo\vi~ig statements I~est  describes this experiment? 

(a) Insert,ing a dielectric bctwccn the plates illcresses the capacitance, 

(b) The voltage difference depends or1 the  diargc on the capacitor 

(c) The RC tirnc constant docs not depend oli the plate spacing. 

e voltage decreases as the plate separation is dccxeased, bet-ause the capacitance 
bigger as d is made smaller. 

(e) Capacitors with movable plates are designed to  torment students. 

The End 


