
Summary of Class 10 Exam 1 Information 

TEST ONE Thursday Evening February 25 7:30 - 9:30 pm. The Friday class 
immediately following is canceled because of the evening exam. 

What We Expect From You On The Exam 

(I) Ability to calculate the electric field of both discrete and continuous charge distributions. 
We may give you a problem on setting up the integral for a continuous charge 
distribution, although we do not necessarily expect you to do the integral, unless it is 
particularly straight forward. You should be able to set up problems like: calculating the 
field of a small number of point charges, the field of the perpendicular bisector of a finite 
line of charge; the field on the axis of a ring of charge; and so on. 

(2) To be able to recognize and draw the electric field line patterns for a small number of 
discrete charges, for example, from two point charges (of same or opposite charge) 

(3) To be able to apply the principle of superposition to electrostatic problems. 

(4) An understanding of how to calculate the electric potential ofa discrete set of charges, 
N 

that is the use of the equation V( r) = L: Ii I for the potential of N charges qi 
i ::: 1 4 7r&o r-r i 

located at positions ri. Also you must know how to calculate the configuration energy 
necessary to assemble this set of charges. 

(5) The ability to calculate the electric potential given the electric field and the electric field 
given the electric potential, e.g. being able to apply the equations 

"'V b= Vb-V =_fE . dl and E= - VV. 
oro a Jo1 

(6) An understanding of how to use Gauss's Law. In particular, we may give you a problem 
that involves either finding the electric field of a uniformly or non-uniformly filled 
cylinder, slab or sphere of charge, as well as the potential associated with that electric 
field. You must be able to explain the steps involved in this process clearly, and in 

particular to argue how to evaluate [jfE.dA on every part of the closed surface to which 

you apply Gauss's Law, even those parts that are zero. 

(7) To be able to answer qualitative conceptual questions that require no calculation. There will 
be concept questions similar to those done in class. 

To study for this exam (which you should DEFINITELY DO!) we suggest that 
you review your problem sets, in-class problems, Friday problem solving 
sessions, PRS in-class questions, and relevant parts of the study guide and class 
notes and work through multiple past exams 

Summary of Class 10 



8.02 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Department of Physics 

Spring 2010 
Problem Set 3 

Due: Tuesday, February 23 at 9 pm. 

Hand in your problem set in your section slot in the boxes outside the door of 32-082. Make 
sure you clearly write your name and section on your problem set. 

Text: Liao, Dourmashkin, Belcher; Introduction to E &M MIT 8.02 Course Notes. 

Reading Assignments: 

Week Three: Electric Potential 

President's Day - M 2115 I M Classes on T 2/16 

Class 6 W03Dl T Feb 16 
Reading: 

Electric Potential 
Course Notes Sections 3.1-3.5, 3.7-3.8 

Class 7 W03D02 W/R Feb 17/18 Electric Potential; Equipotential Lines and Electric Fields 
Expt.l: Electric Potential; Configuration Energy; 
Reading: Course Notes: Sections 3.1-3.5 
Experiment: J~Xp_r... .l; .. ~;;JG~~J,rig)?Qt5;~nJ,inl 

Class 8 W03D3 F Feb 19 
Reading: 

PS03: Electric Potential 
Course Notes: Sections 3.1-3.5, 3.7-3.8 

Week Four Conductors and Capacitors 

Class 9 W04Dl MIT Feb 22/3 Conductors and Insulators; Capacitance & Capacitors; 
Energy Stored in Capacitors; 
Reading: Course Notes: Sections 4.3-4.4; 5.1-5.4, 5.9 

Class 10 W04D2 W /R Feb 24/25 Exam One Review 

Exam 1 Thursday Feb 2S 7:30 pm -9:30 pm 

W04D3 F Feb 26 No class day after exam 
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Problem 1: Concept Questions. Explain your reasoning. 

Suppose an electrostatic potential has a maximum at point P and a minimum at point M. 

(a) Are either (or both) of these points equilibrium points for a negative charge? If so are they 
stable? 

(b)Are either (or both) of these points equilibrium points for a positive charge? If so are they 
stable? 

Problem 2: Charges on a Square 

Three identical charges +Q are placed on the 
corners of a square of side a, as shown in the 
figure. 

(a) What is the electric field at the fourth corner (the one missing a charge) due to the first three 
charges? 

(b) What is the electric potential at that corner? 

(c) How much work does it take to bring another charge, +Q, from infinity and place it at that 
corner? 

(d) How much energy did it take to assemble the pictured configuration of three charges? 

Problem 3: Line of Charge 

Consider a very long rod, radius R and charged to a uniform linear charge density A. 

a) Calculate the electric field everywhere outside of this rod (i.e. find it (1'). 

( (b) Calculate the electric potential everywhere outside, where the potential is d~ 
\ "--a a radius Ro > R (i .e. V (Ro) '" 0) 
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Problem 4: Estimation: High Voltage Power Lines 

Estimate the largest voltage at which it's reasonable to hold high voltage power lines. The 
check out this video, (http://web.mit.edu/S.02t1www/materials/ProblemSetsIPS03_ Video.mpeg) ) 
care of a Boulder City, Nevada power company. Air ionizes when electric fields are on the order 
of 3xl06 V· m·l

• 

Problem 5: Charged Sphere Consider a uniformly charged sphere of radius R and charge Q. 
Find the electric potential difference between any point lying on a sphere of radius r and the 
point at the origin, i.e. V(r)-V(O). Choose the zero reference point for the potential at r=O, 
~ V(O)..::..Q.)How does your expression for VCr) change if you chose the zero reference-pein 
or the potential at r =00, i.e. V(oo) = O. 
'""--------~-----

Problem 6: Charged Washer A thin 
washer of outer radius b and inner radius a 
ha'i a uniform negative sUlface charge 
density --(J on the washer (note that (J > 0 ). 

~t 
! 

a) (~f we set V(oo) = 0 , what is tJle electric potential diffe;·ence between a point at the center 
(;) the washer and infinity,v(p) -V(oo)? / 

b) An electron of mass 11/ and charge q = -e is released with an initial speed Vo fr.o_m the 

( center of tJle hole (at the origin) in the upward direction (along the perpendicular atis-t0 
\ e washer) experiencing no forces except repulsion by the charges on the washer. Wha --- , speed oes irultimately obtain ":'.hen it is very far away from the washer (i.e. at inJLnityj'! 
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Problem 7: Charged Slab & Sheets 
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An infinite slab of charge carrying a charge per unit 
volume p has a charged sheet carrying charge per unit 

area (), to its left and a charged sheet carrying charge 

per unit area (}2 to its right (see top part of sketch). The 

lower plot in the sketch shows the electric potential 
Vex) in volts due to this slab of charge and the two 

charged sheets as a function of hori zontal distance x 
from the center of the slab. The slab is 4 meters wide 
in the x -direction, and its boundaries are located at 
x = - 2 m and x = +2 m , as indicated. The slab is 

infmite in the y direction and in the z direction (out 

of the page). The charge sheets are located at 
x = - 6 m and x = +6 m , as indicated. 
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(a) The potential Vex) is a linear function of x in the region - 6 In < x < -2 m. What is the 

electric field in this region? 

(b) The potential Vex) is a linear function of x in the region 2 m < x < 6 m. What is the electric 

fie ld in this region? 

(c) In the region -2m <x < 2 m , the potential Vex) is a quadratic function of x given by the 

equation V (x ) = 2.x 2 1lL 24 V . What is the electric field in this region? 
16 ffI 5 

L--r1fl 0 zlla/to 
(d) Use Gauss 's Law and your answers above to find an express ion for the charge density p of 

the slab. Iudicate the Gaussian surface you use on a figure. 

(e) Use Gauss's Law and your answers above to tind the two sllli'ace charge densities of the left 
and right charged sheets. Indicate the Gaussian surface you use on a figure. 
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Michael E Plasmeier 

From: 
Sent: 
To: 
Subject: 

Hi 8.02 problem-solvers, 

Juven Wang [juven@MIT.EDU] 
Sunday, February 21,20108:42 PM 
Juven Chunfan Wang 
[8.02] Fwd: [L08] Hints for 8.02t Pset 3 

An updated version of hints. 

======== 
Hints for Pset 3 

======== 

prob 1) 
check the first, second derivative of potential (or potential energy) and its sign. 

equilibrium (here for static equilibrium) means that particle(charge) experiences zero net force - can stay where it was 
without moving. 

Stable equilibrium is equilibrium with an extra condition that under small (positional) perturbation, the particle will still 
come back to (or be around) the equilibrium point instead of moving away. 

(note: equilibrium includes stable, neutral and unstable equilibrium.) 

prob 3-a) 
method 1: by Gauss's law(easy), cylindrical gaussian surface method 2: Coulomb's law(tricky), integrate all charge 
density on an infinite long wire to get E field. or you can integrate charge density on a finite length wire(interesting and 
worthwhile to try), then taking the length to be infinite. 

prob 3-b) potential in logarithmic log form. (the reason for not taking zero potential at infinity is because log(r) diverges 
as r goes to infinity, which is a bad reference.) 

prob 4) the E field causes by the cable is in l/r form outside the cable(note: though unnecessary to apply here, E field is 
in a linear form of r inside the cable). 

The potential of the cable should be regard as potential respect to the ground, where we normally set zero potential 
there. Apply prob 3-b). potential difference V is in logarithmic log(r), and assume the distance from the ground to the 
cable is 5-10 m. 

The E field caused by cable has its maximum at the radius R, say, 1-10 cm. 
We like to match this maximum E field at radius R to the air-ionizing magnitude. By this relation, you can relate 
maximum E to a maximum V saturate the ionizing bound. Find the maximum potential V respect to the ground. 

prob 5) get the E field inside the sphere(by Gauss's law), which is proportional to r. relating E field to potential difference 
V(r)-V(O) by doing a line integration from a to r. 
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potential difference V(\infty)-V(r) by doing a line integration from \infty to r. you need to do it by two regions since E 
behaves differently inside and outside the sphere. 

prob 6-a) 
method 1: summing over potential, contributed from each charge density on the washer. 
method 2: from potential V definition, do an integration of E field from infinity to the center of washer along the 
symmetric axis. you have to find E field from the washer first. 

method 1 and method 2 are equivalent by the fact: E field can be obtained by superposition principle. 

prob 6-b) 

including the electric potential energy as internal energy of the system, apply mechanical energy conservation(electric 
potential energy+kinetic energy). 

or you can use work-energy thm if you consider electrostatic force as an external force. 

prob 7) by Gauss's law and by E_x=-dV /dx figure out total net charge of two sheets and one plane is zero. 
argue that the slab has negative charge. two sheets have the same positive charge. 

good luck! 

Juven 

",. 
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8.02 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Department of Physics 

Spring 2010 
Problem Set 3 Solutions 

Problem 1: Concept Questions. Explain your reasoning. 

Suppose an electrostatic potenti a l has a max imum at point P and a minimum at po int M. 

(a) Are e ither (or both) of these points equilibrium points fo r a negative charge? If so are they 
stable? 

Solution: The electric field is the gradient of the potential , which is zero at both potential 
minima and maxima. So a negative charge is in equilibrium (feels no net force) at both P & M. 
However, only the maximum (P) is stabl e. If di splaced sli ghtly from P, a negative charge will 
roll back "up" hill, back to P. If di splaced from M a negative charge will ro ll away from the 
potential minimum. 

(b) Are either (o r both) of these points equilibrium points for a pos itive charge? If so are they 
stable? 

Solution: Similarly, both P & M are equilibri a for positi ve charges, but only M is a stable 
equilibrium because positive charges seek low potenti a l (thi s is probably the case that seems 
more logical since it is like ball s on mounta ins). 



Problem 2: Charges on a Square 
Three identical charges +Q are placed on the corners of a square of s ide a, as Q 
shown in the figure. + -------, 

(a) What is the electric fi e ld at th e fourth corner (th e one miss ing a charge) 
due to the first three charges? 

Solution: We' ll just use superposition: 

E-- Q (al al +a} a}] _ Q (I ?-X)(' ') '--- -.+ .+-. - - - + _ - 1+ ) 
4JTco a' ( .fia r a' 4JTco 

(b) What is the e lectri c potential at that corn er? 

(/ 

Q " +----+ 
" Q 

Solution: A common mistake in do ing thi s kind of prob lem is to try to integrate the E fi e ld we 
just fo und to obta in the potential. Of course, we can' t do that we only found the E fi eld at a 
s ing le po int, not as a function of pos ition. In stead, just sum the point charge potentia ls from the 
3 po ints: 

(c) How much work does it take to bring another charge, +Q, from infinity and place it at that 
corner? 

Solution : The work required to bring a charge +Q from infinity (where the potentia l is 0) to the 
corner is: 

0 ' ( I J W = Q/),V =- -- 2+ r:; 
4JTcoa ..;2 

(d) How much energy did it take to assemble the pictured configuration of three charges? 

Solution: The work done to assem ble three charges as pictured is th e same as the potential 
energy of the three charges already in such an arrangement. Now, there are two pairs of charges 

situated at a di stance of a, and one pair of charges situated at a di stance of .fia, thus we have 

W -2 ---- + ---- - - --- 2+-
( 

1 Q' J ( I Q' J I Q' ( I J 
- 4JTco a 4JTCo .fia - 4JTco a .fi 

Alternati vely we could have started with empty space, brought in the first charge for free, the 
second charge in the potential of the first and so forth. We' ll get the same answer. 



Problem 3: Line of Charge 

Cons ider a very long rod , radi us R and charged to a uni form linear charge density A. 

a) Ca lcul ate the electric field everywhere outside of this rod (i.e. find E(r)). 

Solution: This is eas ily ca lcul ated using Gauss's Law and a cy lindri ca l Gauss ian surface of 
radius r and length I. By symmetry, th e e lectric field is complete ly radi al (thi s is a "very long" 
rod), so a ll of the flu x goes out the sides of the cy linder: 

rlifE- - O}J - A lJl dA = 2m'IE =.:=:E!'!:. = - => E = -- l-
Go Go 2nrco 

b) Ca lculate the e lectric potential everywhere outs ide, where the potential is d"efi ned to be zero 

ata rad ius ~ > R (i.e. V(Ro)=O) 

Solution: To get the potential we simpl y integrate the electric fie ld from R to wherever we want 
to know it (in this case r) : 

V( r) =V(r)-V(Ro)=- f E(r')clr' =- f ' dr' =--In(r ') = - In ~ , - ' A A I' A ( ) 
~ Ir.., I!r, 27rr Eo 2;rco l?o 27fEo r 

Problem 4: Estimation: High Voltage Power Lines 

Estimate the largest vo ltage at which it 's reasonable to hold hi gh voltage power lines. Then 
check out this video, care of a Boulder C ity, Nevada power company. A ir ion izes when e lectric 

fields are on the o rder of 3x I 0' V· m·l
. 

Solution: In order to answer thi s question we have to think about what happens if we go to very 
high voltages. What breaks down? The prob lem with hi gh vo ltages is that they lead to high 
fi elds. And high fields mean breakdown. 

You derived the voltage and field in problem 3 

E(r )=A/2m':or; V(r) =(A/27r&o )ln(Ro/r) => V(r) = E(r)r ln(~/r) 

The strongest fi e ld, and hence breakdown, appears at r = R - I cm, the radius of a power line 
(that makes the diameter just under I inch - it might be 3 or 4 times that big but probably not ten 
times) . The vo ltage is defined re lati ve to some ground, e ither another cable (probably Ro - I m 
away) or at the most the rea l ground (Ro - 10m away). So, 

r~,, ", =E,"~ Rln(~ /R) = (3 x I0' V . m·')(1 cm )ln(IO m/ I cm) := 12 x lo' vi 



As it turns out, a typical power-line l Oltage is about 250 kV, about as large as we estimate he re. 
Some high voltage lines can even go up to 600 kV though (or double that for AC vo ltages). 
They must use larger di ameter cab les. 

I 
By the way, you can te ll that breakdown is a rea l concern . In humid weather (during ra instorms 
for example) you will somet imes h~ar crackling com ing from the power lines. This is corona 
discharge, a hi gh vo ltage, low current breakdown, s imilar to the crackling you hear from the Van 
de Graff generator in c lass . The movie is of an arc discharge, a very high current phenomenon 
that can be very dangerous. I 
Problem 5: Charged Sphere Conside r a uni fo rmly charged sphere of radius R and charge Q. 
Find the e lectTic potential difference between any point lying on a sphere of radius r and the 
point at the orig in, i.e. V(r)-V(O) I' Choose the zero reference point fo r the potential at r=O , 

i.e. V(O) = O. How does your expression for VCr) change if you chose the zero reference point 

for the potential at r = ro, i.e. V(co) = O. 

Solution: In order to so lve this problem we must first ca lculate the electri c field as a function of 
r for the regions 0 < r < R anci r > R. Then we integrate the e lectric fi e ld to find the e lectric 
potential difference between any poi nt ly ing on a sphere of rad ius r and the point at the ori g in . 
Because we are computing the integra l a long a path we must be careful to use the correct 
functional form for the electric field in each region that our path crosses. 

There are two distinct reg ions of space defined by the charged sphere: region I: r < R , and 
region II : r> R . So we shall apply Gauss' s Law in each reg ion to find the e lectric field in that 
regiOn. 

For region I: r < R, we choose a sphere of 
I 

rad ius r as our Gaussian surface . Then, the 
e lectric flux through this closed surface is 

ofE, .J!.. = E, ·4Jrr'. 

r< It. 

The sphere has a uniform charge i:lens ity p = Q I( 4 I 3)Jr R' . Because the charge distribution IS 

uniform, the charge enclosed in ourlGaUSSian surface is g iven by 

Qe,,, _ p( 4 /3)Jrr' Q r' F- £ 0 £ 0 R" 

Now we apply Gauss's Law: 



to arrive at: 

which we can solve for the e lectric fi e ld inside the sphere 

Fo r regIOn II : r > R: we choose the same 
spherica l Gauss ian surface of rad ius r> R , 
and the e lectric flu x has the same fo rm 

All the charge is now enc losed , Q,.",. = Q, th en Ga uss' s Law becomes 

, 0 
E" . 4m'- = = 

Co 

We can so lve thi s equation for the e lectric fi eld 

In thi s reg ion of space, the e lectric field fa ll s off as I I r' as we expect since outside the charge 
distribution, the sphere acts as if a ll the charge were concentrated at the origin . 

Our complete expression for the e lectric field as a func ti on of r is then 

E(r) = 

- • Or . 
E, = E,r = - J r , 0 < r < R 

47rcoR 

- • Q 
Ell =E" r = 2 r , r > R 

47rcor 



We can now find the e lectr ic poten tial diFference between any point ly ing on a sphere o f radius 
r and the orig in, i.e. VCr) - V(O). 

We begin by considering va lues of r such that 0 < r < R. We sha ll ca lculate the potential 
difference by ca lculatin g th e line integral 

r' = r 

V(r)-V(O) =- jit, .di" ; O< r < R 
, =0 

We use as integration variab le ,.' and integrate from ,-' = 0 to ,.' = r: 

Qr' 
O< r < R 

8m'o R' ' 

For r> R : we are taking a path form the origin through regions I and regions II and so we need 
to use both fun ctional forms for the e lectric fi eld in th e appropriate regions . The potentia l 
diFference between any point ly ing on a sphere of radius r > R and the origin is g iven by the line 
integral express ion 

r'"" U r'"",. 

V(r)-V(O)=- fit,.di"- IEII ·di"; r>R. 
,'::0 ,.'",Ii 

Us ing our results for the electric field we get that 

r '::1( 0 I r=r Q 
V(r)-V(O) =- I r , r·dr'r - f " r·dr'r ; r > R 

,.'",0 47rcoR r'=R 47rcor -

Th is becomes 

V(r)-v(O) ~ -'T Qr' , dr'-'J Q , dr' ; r > R 
r'=O 47rEo R r'=R 47[&or' -

Integrating yields 

VCr) - V(O) = r > R 

Substituting in the endpoints yie lds 



o 0 (I I) V(r)-V(O) = V(r)-V(O) =--- -+-=- - - - ; 
SJ[f'oR 4Jroo I' R 

A little a lgebra then yie lds 

o 30 
V(r) - V(O) =-- - - --- ; 1' > R 

4Jroor SJrooR 

r >R 

Thus the e lectric potential difference between any point ly ing on a sphere of radius I' and the 
origin (where V(O) = 0) is g iven by 

VCr) - V(O) = 

When we set V(O) = 0, we have an express ion for the e lectric potential function 

Or' 
- . O<r < R 

SHeaR3 ' 
VCr) = 

Q 3Q 
4Jroor - SJrooR ' 

1' > R 

We plot VCr ) vs. I' in the figure below. Note that the graph of the e lectric potenti a l function is 

continuous at I' = R. 

VCr) 
r 

When we set r = 00, the potential difference between the sphere at infinity and the origin is 



3Q 
V(oo) - V(O) = - --

81rooR 

If we had chosen the zero reference po in t for the e lectric potential at r = w, with V(w) = O. The 

with that choice, we have that V(O) = 3Q . Therefore us ing our results above the new form 
81rooR 

for the potent ia l function is 

VCr) = 

V(O) 
Qr' 

0 < r < R 
81r°oR' ' 

Q 30 
V(O)+--- --- ; r > R 

41roor 81rooR 

This amounts to just add ing the constant 3Q to the above results for the potentia l function 
81rooR 

VCr) giving 

3Q Qr' 
O<r < R 

VCr) = 
81rooR 81r°oR' ' 

Q 
r > R 

41roor 
, 

In the above express ion we can eas ily check that V(co) = O. Eq uival entl y we shift our previous 

graph up by 3Q / 81rooR as shown in the graph below. 

VCr) 

r 



Problem 6: Charged Washer A thin 
washer of outer rad ius b and inner radius a 
has a uniform negative sur face charge 
density -(5 on the washer (note that (5 > 0). 

, 
_ ~ ~t 

I 

a) I f we set V( 00) = 0 , what is the e lectri c potential difference between a point at the center 

of the was her and infinity, V(P) - V(oo) ? 

Solution: The potential difference V(P)-V(oo) between infinity and the point P at the center of 

the washer is given by 

V(P) - V(oo) = f k(~(5~~a' 
Ir - r 1 

SQI/ret' 

Choose as an integratio n e lement a ri ng of radius r' and w idth dr' w ith charge dq' = (-(5)da' 

where da' = 2:rr'dr' . 

Because the field point P is at the ori gin r = 0 and the vector from the origin to the any point o n 
the ring is i" = r'f , thereFore in the above expression the distance from the integration e lement, 
the ring, to the fi e ld point P is 

So the integral becomes 

V(P)-V(oo) = f k(~(5~~a ' = 'Y k(-(5)2,:rr'dr' -k(52:r(b-a) 
StJIlf,.c Ir - r I r' = lI r 

b) An e lectron of mass 111 and charge q = -e is released with an initial speed Vo from the 

center of the hole (at the ori g in) in the upward direction (along the perpendicular ax is to 
the washer) experi encing no forces except repul sion by the charges on the washer. What 
speed does it ultimate ly obta in when it is very far away from th e washer (i.e. at infinity)? 



Solution : By conservation of energy (note that V(oo ) - V(P) = k(]"2:r(b - a) >0) 

0 = M + t.U = M + q(V(oo) - V(P)) = t.K - ek(]"2:r(b - a) . 

If we denote the initia l speed o f the e lectron by 1'0 and the speed of the electron when it is very 

far away by vI then t.K = (112)lI/v~ - (1/ 2)mvg .I-Ience 

( 1 / 2)/IIv~ - (112)/IIvg = ek(]"2:r(b - a) > 0 . 

We can now so lve for the fina l speed of the electron when it is very far away from the washer 

VJ = J vg +ek(]"4:r(b- a) I 111 • 

PS03-1 0 



Problem 7: Charged Slab & Sheets 

An infinite s lab of charge carry ing a charge per unit 
vo lume p has a charged sheet carry ing charge per uni t 

area 0", to its left and a charged sheet carrying charge 

per unit area 0", to its right (see top part of sketch). The 

lower plot in the sketch shows the electric potent ia l 
V(x) in vo lts due to thi s s lab of charge and the two 

charged sheets as a functi on of hori zonta l distance x 
from the center of the slab. The s lab is 4 meters wide 
in the x -d irection , and its boundaries are located at 
x = -2 tn and x = +2 tn , as indicated. The slab is 

infinite in the y d irect ion and in the z d irect ion (out 

of the page). T he charge sheets are located at 
x = -6 111 and x = +6 tn , as indicated. 

' y , 

(J • 
1 P , 

------- , , 

(a) The potential V(x) is a linear fi.lIl ction o f x in th e region -6 111 < x < -2 111. What is the 

e lectric fi eld in thi s reg ion? 

Solutiou: 
- oV, !J. V, - 5 V _ V , 
E =-- I =--1---= 1.2)-1 

ox !J.x 4 III m 

(b) The potentia l V(x) is a li near function of x in the region 2111 < X < 6 111 . What is the e lectri c 

fi e ld in this reg ion? 

Solution: 

- oV, !J.V, 5 V V, 
E=-- I =--1 = ---=-1.25-1 

ox !J.x 4 III m 

(c) In the reg ion -2 111 < x < 2 tn , the potential V(x) is a quadratic function of x given by the 

equation V (x) = ~x2 .i,- 25 V . What is the e lectri c field in this reg ion? 
16 m- 4 

Solution: In the region ins ide the s lab, the e lectric fi e ld is 

- oV, [ 5 V ] , E = -- l = ---., X l 
Ox 8 m-

(d) Use Gauss' s Law and your answers above to find an expression for the charge density p of 

the slab. Indicate the Gaussian surface you use on a fi gure. 

PS03-11 

x 



:y 
: G . ·"bl I at ~Slal1 pi x 

~ m----~:-
I X 

-6m -2m I 2m 6m 

Solution : 

-rr - [ 5 V ] q pxA [jJJE .dA =EA= --, xA = -"'-=--
s 8 III 00 00 

[ 5 V] 
=> P = -"8 111' °0 

(e) Use Gauss's Law and your answers above to find the two surface charge densities of the le ft 
and right charged sheets. Indicate the Gauss ian surface you use on a fi gure. 

Solution: The e lectric fi e ld vani shes in the regions x> 6 m and x < -6 m (the e lectric potentia l 

is zero and remains zero so the grad ient is zero). 

-6m 

:y 

p i 
I 

- T-

-2m I 2m 

GO"t ;"" p;l1box 

E ;\ <J2 

x 

6m 

Using Gauss's law with the Gauss ian pill boxes indicated in the fi gure, we have 

[5 V] =>0"1 = -- £0 
4 111 

I · ·1 5 V n a Simi ar manner, 0"., = --£0 . 
- 4 111 

A common mistake is to think that the s ign must flip because the electric fi e ld s ign flips. Note 
that because the area vector of th e Gauss ian pillbox al so flips direction this is NOT true. It is 

very important to draw pictures and show the vector directions. I f the vectors (E and (iA) are 
in the same directi on then the dot product (and the enclosed charge) is pos iti ve. 

PS03-1 2 
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Exam 1 Topics 

Fields (visualizations) 
Electric Field & Potential 
• Discrete Point Charges 
• Continuous Charge Distributions 
• Symmetric Distributions - Gauss's Law 

Conductors and Insulators 

General Exam Suggestions 
• You should be able to complete every problem 

• If you are confused, ask 
• If It seems too hard, think some more 
• Look for hints in other problems 
• If you are doing math, you're doing too much 

Read directions completely (before & after) 
Write down what you know before starting 
Draw pictures, define (label) variables 
• Make sure that unknowns drop out of solution 

Don't forget unltsl ~ 

What You Should Study 
Review Friday Problem Solving (& Solutions) 
Review In Class Problems (& Solutions) 
Review PRS Questions (& Solutions) 
Review Problem Sets (& Solutions) 
Review PowerPoint Presentations 
Review Relevant Parts of Study Guide 

(& Included Examples) 

Do Sample Exams (online under Exam Prep) 
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• Field line densitv tells you field strengt!) 
• Lines have tension (want to be straight) 
• Lines are repulsive (want 10 be far from other lines) 
• Lines begin and end on sources (charges) or '" 

PRS Questions: 
Fields 

PRS: Vector Field 
y 

x 
'I., F(x,y) = sin(x)i+j 
~ F(x,y) = i +sin(x)j 

.3. F(x,y) = cos(x)l + j 
®F(x,y) = I +cos(x)j 
5. I don't know 
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PRS: Grass Seeds 

I Jl~'771t:&7J7'i'Si The vector field at left is 
created by: 

I1/. , . 

: ~ 
11/. ~ 
I1/. s. 
I1/. 6. 
I1/. 7. 

Two aoun:es (equal strength) " J 
Two aourcltS(1opstronger) .Jr. re ber t' I I 
Two . ou,m IboHom .uong,,) ,.--- ob tr€A ( e I/; (( II{ Ii" rept!? 
Source & Sink (equal +--
Source & Sink Ito:H~::::~~g,,) I /1 L I 
Sou",. & Sink Ib, -- Co.; d,. ct{So V e 2- If(- k C 
I don't know ~ 

PRS: Grass Seeds ~ 
Here there is an 
initial downward 
flow. 

The point is a source 
D% 2. The point is a sink 
D% 3. I don't know 

PRS: Circulation ~ 20 II 
These two 
circulations 
are in: 

"" 1. The same direction (e.g. both clockwise) 
0% (2:) Opposite directions (e.g. one cw, one ccw) 
0% ':{ I don't know 
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VOl-tnr Field B 

0" 1 F-( ) .,: 2': ~ . X,y = .n+ y J 
0% G>F(x,y) = y'i +X'] 

The grass seeds 
field plot at left is 
a representation 
ofthe vector field: 

0% 3. F(x,y) = sin(x)i + cos(y)] 

0% 4. F(x,y) = cos(x)l+sin(y)j 
0% 5. I don't know 

PRS: Electric Field 
Two opposite charges are placed on a line as shown 
below. The charge on the nght is three times larger 
than the charge on the left. Other than at infinity, 
where is the electric field zero? 

0% 1. Between the two charges 
0% ~ To the right of the charge on the right J 
0% 3 To the left of the charge on the left J 
0-'(' . The electric field Is nowhere zero 
0% 5. Not enough Info - need to know which is positive 
0% 6. I don't know 

PRS: Field Lines 
Electric field lines show: 

1. Directions of forces that exist in space at all 

O 
times. 

2. Directions in which charges on those lines will 
accelerate. 

?l\ Paths that charges will follow . • 
4. More than one of the above. 

5. I don't know. 

... .. 

Remember. Don't pick up until you are ready to answer rI~-I~ 
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PRS: Force 

0% 1. Attractive 

O'~ & Repulsive 

The force between 
the two charges is: 

0% 3. Can't tell without more information 
0'" 4. I don't know ,,,.,, 

P 

d:' ., 
. 1 

d +9 

PRS: Equal Charges 

Electric field at P is: ~ 0 

tlJ If 

PRS: 5 Equal Charges 

[[] 
1Six equal positive char~es q sit at the vertices of a 
regular hexagon with SIdes of length R. We remove 
the bottom char~e. The electric field at the center of 
the hexagon (point P) is: 

E .2kq , 
1. =y J 

3. E= k; 
R 

5. E=O 
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PRS: Dipole Field 

As you move to large distances r away from 
a dipole, the electric field will fall-off as: 

0% 1. 1ft>, just like a point charge 

0"1. (?!. More rapidly than 1ft> 
0% 3. More slowly than 1ft> 

0% 4. I Don't Know 

t, 

PRS: Dipole in Non-Uniform Field 

/, E A dipole sits in a non-uniform 
1/ I, electric field E ,-
Due to the electric field this dipole will 
feel : 

0% 1. force but no torque 

0% 2. no force but a torque 

0% @ both a force and a torque 
0% 4. neither a force nor a torque _ 

E Field and Potential: Creating 

A point charge q creates a field and potential around it: 

E = k .!L r· V = k !i Use superposition for 
c r 3 ., C r systems of charges 

They are related: 

E=-VV; t1V =Vo-VA=-rE .ds '. " 

Class 09 
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E Field and Potential: Creating 
Discrete set of point charges: 

Add up from each 
point charge -

Continuous charge distribution: 

dE=k dq • . dV =k dq 
e ,.3 ' t! r 

Break charged object 
into small pieces, dq, 
and infegrate 

Continuous Sources: Charge Density 

Charge Densities: 

cr=Q 
A 

dQ = a-dA 

Don't forget your geometry: 

--- dL = dx 

dL = RdB O 
dA = 2TCrdr 

dV", = 2TC rldr 
dV = 4TCr2dr spher< 

",n 

E Field and Potential: Creating 
Discrete set of point charges: 

E = k !L ... V =k 'I Add up from each 
e 2' c point charge r r 

Continuous charge distribution: 

dE = k dq ... dV = k dq 
Break charged object 
into small pieces, dq, 

t r2 ' C r 
and integrate 

S~mmetric charged obieet: 

ar- - q S- Use Gauss' law to get 
E·dA=-"- ; aV ,,- E·ds E everywhere, then 

s Eo integrate to get V 
'~ !' 
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Gauss's Law: 

Planar 
Symmetry 

E Field and Potential: Effects 

If you put a charged particle, q, in a field : 
- -
F=qE 

To move a charged particle, q, in a field : 

W=Cl.u=qIW 

1'C~~e t \ " f ok1\'1¢f 
, .. 

PRS Questions: 
Electric Fields and Potential 
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m PRS: Sign ofWg 
Thinking about the sign and 
meaning of this .. . 

Wg = GMm(~-~) 
rB rA 

Moving from rA to ra: 

0·" 1. W 9 is positive - we do work 
0% 2. W, is positive - gravity does work 

00/. ~ W 9 is negative - we do work 
0% 4. Wg is negative - gravity does work 

0% 5. I don't know 

PRS: Masses in Potentials [P 
Consider 3 equal masses sitting in different 
gravitational potentials: 
A) Constant, zero potential 
B) Constant, non-zero potential 
C) Linear potential (V '" x) but sitting at V ; 0 

Which statement is true? 
1. None of the masses accelerate 0% 

0% 
0% 
0% 

0% 
O~. 

2. Only B accelerates 
~ Only C accelerates 
"-( AU masses accelerate, B has largest acceleration 

5. All masses accelerate, C has largest acceleration 
6. I don't know 

PRS: Positive Charge 

Place a positive charge in an electric field. It 
will accelerate from 

0% 

0% 

0% 

1. higher to lower electric potential; 
lower to higher potential energy 

,.t:;:;,. higher to lower electric potential; 
V higher to lower potential energy 

3. lower to higher electric potential; 
lower to higher potenffal energy 

4. lower to higher electric potential; 
higher to lower potential energy 
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PR5: Negative Charge hm I 

Place a negative charge in an electric field. It 
will accelerate from 

Q% ~igher to lower electric potential; 
lower to higher potential energy 

Q% 2. higher to lower electric potential; 

O'k 

0% 

higher to lower potential energy 

3, lower to higher electric potential; 
lower to higher potential energy 

E) lower to higher electric potential; 
higher to lower potential energy 

!Ii]] PR5: Two Point Charges 
The work done in moving a pJ<§i!jye test charge 
from infinity to the point P midway between two 

,".~'.m:";_~ 

0% 1. is positive. 
O"Jio 2. is negative. 

~jszero. 
0% 4. can not be determined - not enough info is given 

O"Jio 5. I don't know " JI 

PRS: E from V [P 
Consider the point charges you looked at earlier: 

.6.l if{PI=-kQ/a] 
-Q l Q +Q 

You calculated V(P). From that can you derive E(P)? 

0% 1. Yes, its kOla' (up) 
0% 2. Yes, tts kOla' (down) 

Yes in theory. but I don't know how to take a gradien 
No, you can't get E(P) from V(P) 
I don't know 'ID • .., 

t...w .... 
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Conductors in Equilibrium 

Conductors are equipotential objects: 
1) E = 0 inside 
2) E perpendicular to surface 
3) Net charge inside is 0 

, 4) Excess charge on surface 

, , ' 
-, ~ f / 

~'::.~:. ~ . ". :::-:.-_._ .. . , 
::~~: " '- " .. -::: 

E=O/ 
.. / Eo . 

.-.. . .. ":!!- " 
".--­.-'-.. ~ . 

5) Shieldin'g - inside,doesn't 
"talk" to outside 

SAMPLE EXAM: 

, 

*' 

'i' '['\-

• 
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Physics 8.02 Equation Sheet Exam One 

Please Remove thi s Tea r Sheet from Your Exam 

£ = q f· = q I' , . 
47r&'or - 4J[&j~-' 

• r 
r = - points from source q to observer 

r 

£(1') = _ I _ J dq , f· 
4 E: 1- -'I-n 0 3m"r:e r - r 

- -
F = qE 

" source 

cJ:.f £. dA = Q"" 
clo.wd &0 
sur/(lC{' 

dA points from ins ide to outs ide 

4 £ ds = O 
closed 
I'mll 

b_ 

10. V = V: - V= - jE· ds 
11I1)1'IIIg /rolll (I /I) b b 1I 

" 

IO.U = qlO. V 

V(r)= _I- J I-dq-'I ;V(w ) =0 
4JrEO !>'OUrcI' r - r 

U= I: qi~j _ ;U(W)=O 
"If ,wit's 47rE I ... - r·1 "' } 

U=+E:" Hf E ' dV •• , 
- oJ( splice 

E, = - a: for spherical symmetry, 
or 

E = -\7V 

av av 
E = - - E = - -

.1" ~ \' ""\ 

av 
E = --

OX ' oy : 8z 

U = ],CIO.V' = Q' 
2 2C 

Ci rcum fe rences, Ar eas, Vo lumes: 

I) Thc area of a circle of rad ius r IS 
, 

1,,· -

Its circumfe rence is 27[r 

2) The surface area of a sphere of 

radius r is 47[1" . Its vo lu me is 

(4 /3 )J[J"3 

3) The area of the sides of a cylinder 
of rad ius r and height h is 27[rh. 

Its vo lume is 7[r'h 

Integrals tha t may be useful 

b 

jdr = b-a 
" 
Jdr = !n(b / a) 
1I r 

b I ( I 1'\ 
j,.dr = l- "':-) 

( I r - a b 

Some potentially useful numbers 

k = _I_ =9x l 09N m ' 
l ' 47[£"0 C2 
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Problem 1 (25 points) tr- r,~f(~ 

Problem 2 (25 points) F+ W 
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TOTAL 'if 
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Problem 1 (25 points) 

In this problem you are asked to answer 5 questions, each worth 5 points. You do not 
have to show your work; in most cases you may simply circle the chosen answer. 

Question 1 (5 points) 

I. Above we show the grass seeds representation of the field of four point charges, 
located at the positions indicated by the numbers. Which statement is true about the signs 
of these charges: 

All four charges have the same sign. / a) 

\/0 Charges I and 2 have the same sign, and that sign is opposite the sign of 3 and 4. 

c) Charges I and 3 have the same sign, and that sign is opposite the sign of 2 and 4. 

d) Charges 1 and 4 have the same sign, and that sign is opposite the sign of 2 and 3. 

e) None of the above. 

4 
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Question 2 (S points) 

The grass seeds figure below shows the electric field of three charges with charges + I, 
+ \, and -\ , The Gaussian surface in the figure is a sphere containing two of the charges. 

The total electric flux through the spherical Gaussian surface is 

a) Positive 

b) Negative 

L-& zero 
d) Impossible to determine without more information 

5 



Question 3 (5 points) 

Two point-like charged objects with charges +Q and -Q are placed on the bottom 
corners of a square of side a, as shown in the figure. 

l b 
B.--------,A 

a 

+)-__ ---'a'--__ ~e 

Q -Q 

eoJ. y to do 
'yPI/ - vorl\ 

You move an electron with charge -e from the upper right corner marked A to the 
upper left corner marked B. WhichDrthe following statements is true? 

, ) You do a negative amount ~ork on the electron equal to the amount of energy 
necessary to assemble the sy tern of three charged objects with the electron at 

pointB. 1- J~( t\(l~ 

~ You do a positive amount of work on the electron equal to the amount of energy 
necessary to assemble the system of three charged objects with the electron at 
point B. 

11.) You do a positive amount of work on the electron and the potential energy of the 
\ system of three charged objects increases. 

~ You do a negative amount of work on the electron and the potential energy of the 

system of three charged objects decreases. Cllvo./) ft\~~ 1o /.; ~f ('Iq/;(Cd{ . ~~ . 1 e) You do a negalive amount of work on the electron and the potential energy of the 
system of three charged objects increases. 

~ You do a positive amount of work on the electron and the potential energy of the 
' \ system ofthree charged objects decreases. 

\J :: ~ U 

/]w 'IOU 

5YbHIV\ 
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Question 4 (5 points) 

A graph of the electric potential V(z) vs. z is shown in the figure below. 

V(z) [VI 

~" ~V-5V z2 
n12 

__ UJ 

linear 5 linear 

;;' I z fm] 
-I 2 3 

-5 

-10 

Which of the following statements about the z -component of the electric field E, is 

true? 

~ E, < 0 for -3 m < z<O and E, < 0 for O< z <3 In. b(O ft 
9LefE,;0 for -3 In < z<O 

1-
and E, > 0 for 0 < z < 3 m. 

- ,' 
I 

c) E, > 0 for -3 In <z < 0 and E, < 0 for 0 < z<3 m. 

"~ E, t o for -3 m <z < 0 and E, :t 0 for 0 < z < 3 m . 

e) None of the above because E, cannot be determined from information in the 

n graph for the regions -3m < z < 0 and 0 < z < 3 m. 
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Question 5 (5 points) 

Careful measurements reveal an electric field 

I I ~ 

'1 -J 

lG( ,.3J ' _ - , 1--
3 

r ; r5,R 
E(r)=,.- R 

0 ; r'C.R 

where G and R are constants. Which of the following best describes the charge 
distribution giving rise to this electric field? 

~) A negative point charge at the origin with charge q = 41Z"EoG and a uniformly 

\ positive charged spherical shell of radius R with surface charge density 

(J" = -q / 41Z"R'. \ 

'l\ A positive point charge at the origin with charge q = 41Z"EoG and a uniformly 

negative charged spherical s~~l of radius R with surface charge density 
(J" = -q / 41Z"R' . 

A positive point charge at the origin with charge q = 41Z"EoG and a uniformly 

negative charged sphere of radius R with charge density p = -q /( 41Z" R3 / 3). 

d) A negative point charge at the origin with charge -q = -41Z"EoG and a uniformly 

positive charged sphere of radius R with charge density p = q /( 41Z"R 3 / 3). 

L... o. /S'l U'-tJ 'l'f - b.1 clue> 110 1 r eclll] !Noh 
e) Impossible to determine from the given information. 

c\.. I.::, 

-don '1 ~AO IV' 

v~'d 1/_ 

d'11 hol sC<. ( 

~ ) d Or, e C\ /0D 
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bl 2 (25 points) 

p" 'm . d" '" go< "" y ,red; <fo. ili;, prob I,m. M.k, , 
NOTE: YOU MUST SHOW :~~~~ ~;e doing (use a few words!) . COlil ~~) lal}' it clear to us that you understan w 

. b' t two of Four charged point-like 0 ~ec s, 
+ and two of charge - q, are . 

charge q h t" es of a square with arranged on t ever IC . 

sides oflength 2a, as shown III the 
sketch. 

a) What is the electric fie ld at pOll; 0 , 
which is at the center of the square"

tude Indicate the direction and the magm . 

+q 
1. 

I 

: a 

y :aX/ iS ,e +q 

I a x axis 
- - - - - - --

fop 7... ,Ci!~( ~} 
IIO.'{ 2 

verf .l! 

I) 0 rfe.. L }\O,-;z (~" r 
vd t 

r- -=- l/ lit ) 4 '111 e -1 
LI ~ ~ t- r 

Zt1. Ii z. 

?!Jo IIClV? L{ i 'I fVl5 

f o ""'f;~ U 
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b) What is the electric potential Vat point 0, the center of the square, taking the potential 
at infin ity to be zero? 

kO]; 
t 

1ft/1i K -01 If -q; ~ O ----- 'r 1--
flcA Ji Ct JL C\ Ji {~ 

7 /' 
I ;~ 9 'v I ~'v II S-9 J,,/ rdt 

(r~ 0'1 f !'Ct t(ee -~e5 ~ ) 

~I1J [he r-h(). f-

lO 



• 

( 't I~ 

" f' f/' 

c) Sketch on the figure below one path leading from infinity to the origin at 0 where the 
o 

integral fE. as is trivial to do by inspection. Does your answer here agree with your 

result in b)? 1',1{ etp e,'/"fIll 

I 

y ,axls 

'JV~ I .-> . --__ ~- ~ :~~-:.:= :.7~ _: a:l~ __ 
O -. .. --V~ .,. '--

-- -

( @ 
~ -

, a 

) 

.. V~ ~ Ov 1 
, Jri rA 

10p 'he'lr d) ::o total volfr{9 Q 

boHQIlj 'fi ef}(' G ~ 0 

I.) 110 1 f~e 
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\--4 

~ovlJ hO ,( hef~·pr ~f.JJ ;eJ -f/H fra11t-t ffJr 
~ f la_~ otlt5 r J ~{ (,.(tJ r("Id..l fo1 

_ _(((If - "I-., I," N ( tv,,-
Problem 3 (25 points) - t\D I- J A, I ~ p ~1 ~ f, Jo t>t,,~ 

- f.r, ;; ;~ Ill.t F -sd I7t 
NOTE: YOU MUST SHOW WORK in order to get any credit for this problem. Make 
it clear to us that you understand what you are doing (use a few words!) 

V ~Io.b.s thtl t f}(e~l;1) 
Three infinite shee s of charge are located at x = -d, x = 0 , and x = d , as shown in the 
sketch. The sheet at x = 0 has a charge per unit area of 20" , and the other two sheets 
have charge per unit area of -0". 1 (o1.sh~'l f-

-a +2a 
(f 

-a ~ r r 
( (-1' I 

I II III IV Plv,t, p\U A. .::0 r ~Io ( 

t- b if ------:j 0 
2.1:-

"- '- '-
x= - d x =0 x =d , 

I .... 

a) What is the electric field in each ofthe four regions I-IV labeled in the sketch? 
Clearly present your reasoning, relevant figures, and any accompanying calculations. Plot 
the x component ofthe electric field , E" on the graph on the bottom of the next page. 

Clearly indicate on the vertica l axis the values of Ex for the different regions. 

£ I 

1'1 

pill 

G I~ p 

f"' F III 

I 

~I\ 

{~ 

I 
afl.d l{ 0 

I 

C hO'f'l1l"S is '11lCt fit 

t \ I - I 1 I + I I ~ 
P <t1C/II(e P:) (VIII ~ I c hv-r~ e).-~1~9 CN;~ 

Chorge k YO lld 

Zt\J 3 

- o-A-
-=-----

~o 
d :; 0 
~oA To 

d 15 ( 0 f1s/qlJ./-, 

01' ~ ~ ~ 
/f rt;- iJi II 

I 

1f1 

J. 
r 
I 

f7e 

r.t 

• 



1 r \ 
Ly9 

0.1 ~ 

(Yl' \~ l~~~ , 

I 

fV\ G1Jt Gl Sl~ V) 

\k(),h ",0 1- ~J 

~ /:;" hQt W ( L' 5)10)<1 ha vI' fhp v& JJ} 

J ( if = /1;4-
i1rlve 

/1 ~; . (( ~.I 
,)J:J1 ""to /.t 

(0 
as 5iJeliw( 

~----

i' x =-d 
( 

"­
x=Q 

'- x 
x=d 
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b) Find the electric potential in each of the four regions I-IV labeled above, with the 
choice that the potential is zero at x = +00 i.e. V( +00) = O. Show your calculations. Plot 

the electric potential as a function ofx on the graph on the bottom of the next page. 
Indicate units on the vertical axis . 

v(p) v(p) -v(~ ::- VCp) - 0 ~ - S F'ds 

I I -) - Sb Js 

{o ~O 
_ CXJ -d.. 

-~ 0 ~ (']()\'~ error 

~P'V IN \let l- I 

~ro lY\ ~o /('3 b b) 
(f I\J \J-' W 1 fO J \',Iv(' ~D 

9° t!.ro/j'" h 0tf 
rtft 14 

" 



0 

0 ' - J 
~o 
0--
fo 

f-

d 

u -io 
r 

-~ 

~ 

f 

I 
I 

x 

x. 

l 

r5 

y 

Vex) 

~=-~I ,~----II~~----~~L,====X=--~ 
x= - d I x=Q x=d 

I 

I 

"ji..j rf ( ~(I) 

~I ((its - f~ro/ 
ho,,-, 10 

tY~p~ 



c) How much work must you do to bring a point like object with charge +Q in from 

infinity to the origin x = O? 

VJ o-~ ~6 lJ ~ q" V ~ ~ (VCP) -1)); 
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Problem 4 (25 points) 

NOTE: YOU MUST SHOW WORK in order to get any credit for this problem. Make 
it clear to us that you understand what you are doing (use a few words!). You may find 
the following integrals helpful in this answering this question. 

"d (1 1) "d " f~=- --- f~=ll1(r / r) fdr=r-r r2 r, r ' r b (/ , b a , 
ru bar" r" 

Consider a charge 

The charge density is non-unifonn and given by --- p(r)=br ; r <R, 

where I' is the distance from the central axis and b is a constant. 

a) Find an expression for the direction and magnitude of the electric field 
everywhere i.e. inside and outside the cylinder. Clearly present your reasoning, 
relevant figures, and any accompanying calculations. 

9Jd.'6 (l}.fl t;Jrfoce ~ ((j(ge r Cy i'l'ld (l/'5 

-/ 6Mcj II f /' 

- it \~ 
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~rqy (Vp()lC~ 
cl : J f\ I)~ 10 ol tt" IN' &!1 S;rr L ,lif 

v c<s Iv t qjV 
b) A point-like object with charge +q and mass m is released from rest at the point 

a distance 2R from the central axis of the cylinder. Find the speed oftbe object 
when it reaches a distance 3R from the central axis of the cylinder 

1\ 
) 

, O::()t~ 

U--a L)V 
-V T' ~ Q J ~().(' 1-0 r 0 :Jifl" 

L. 

A/.;~(: ]£ . ~ 5/ 
11 V:- -(6~' h J r Vel --

J to (~ ( (Z I h) i .1, . ~ 

fo Y (I + ~ (2) 

~ \f oo - ~ Of\(](/J~lL 9 ~ 1- - ({Q2- ) 

~6 J ( I rh) - ~ 

~ (3~)- lf {1 ~ J 

- [U (3~) - U(U) 
=- -qi V oa)'-~(2RJ} 

l(2~) c- 0 
H1~ J -~ 1mVt 'I 

- -------. .o\-­
,.----C~-'b-;-h ~Q _ (;::;3 !jTZ:Tp'/ fie 9 A'1 - 4 A 1) ) 
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v 
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Department of Physics 

8.02 Spring 2010 
8.02 Exam One Solutions Spring 2010 

Problem 1 (25 points) 

Question 1 (5 points) 

I. Above we show the grass seeds representation of the field of four point charges, 
located at the positions indicated by the numbers. Which statement is true about the signs 
of these charges: 

a) All four charges have the same sign. 

b) Charges I and 2 have the same sign, and that sign is opposite the sign of 3 and 4. 

c) Charges I and 3 have the same sign, and that sign is opposite the sign of 2 and 4. 

d) Charges I and 4 have the same sign, and that sign is opposite the sign of 2 and 3. 

e) None of the above. 

Solution b. Field lines continuously connect charges I and 3, and 2and 4 respec tive ly, 
indicating that the charge of those pairs are opposite in sign. The fi eld is a zero between 
charges I and 2 indicating that they repel and hence are of the same sign. A smilar 
argument holds for charges 3 and 4. 

I 



Question 2 (5 points) 

The grass seeds figure below shows the electric fi eld of three charges with charges + 1, 
+ 1, and -1, The Gaussian surface in the figure is a sphere containing two of the charges. 

The total electric flux through the spherical Gaussian surface is 

a) Positive 

b) Negative 

c) Zero 

d) Impossible to determine without more information 

Solution c. Because the field lines connect the two charges within the Gaussian surface 
they must have opposite sign. Therefore the charge enclosed in the Gaussian surface is 
zero . Hence the electric flux through the surface of the Gaussian surface is also zero. 
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Question 3 (5 points) 

Two point-like charged objects with charges +Q and - Q are placed on the bottom 
comers of a square of side a, as shown in the figure. 

B r ...... ·--_ .. _- -----,A 

Q -Q 

You move an electron with charge - e from the upper right corner marked A to the 
upper left corner marked B. Which of the following statements is true? 

a) You do a negative amount of work on the electron equal to the amount of energy 
necessary to assemble the system of three charged objects with the electron at 
point B. 

b) You do a positive amount of work on the electron equal to the amount of energy 
necessary to assemble the system of three charged objects with the electron at 
point B. 

c) You do a positive amount of work on the electron and the potential energy of the 
system of three charged objects increases. 

d) You do a negative amount of work on the electron and the potential energy of the 
system of three charged objects decreases. 

e) You do a negative amount of work on the electron and the potential energy of the 
system of three charged objects increases. 

f) You do a positive amount of work on the electron and the potential energy of the 
system of three charged objects decreases. 

Solution d. Because point B is closer to the positive charge than the point A, the electric 
potential difference V(B) - V(A) > O. When you move an electron with charge -e from 
the upper right corner marked A to the upper left corner marked B, the potential energy 
difference is U(B) -U(A) = - e(V(B) - V(A» < O. This means that you do a negative 
amount of work and the potential energy of the system decreases. 
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Question 4 (5 points) 

A graph of the electric potential V(z) vs. z is shown in the figure below. 

V(z) [VI 

-3 
z Iml 

:\ 

Which of the following statements about the z -component of the electric field E, is 

true? 

a) E, < 0 for -3 m < z<O and E, < 0 for 0 < z < 3 m . 

b) E,< 0 for -3 m< z<O and E, > o for 0 < z < 3 m . 

c) E, > 0 for -3m<z<0 and E,< 0 for 0 <z<3 m . 

d) E. > 0 for -3 m <z< 0 and E,> 0 for 0 <z<3 m. 

e) None of the above because E, cannot be determined from information in the 

graph for the regions -3m<z<0 and 0 <z<3 m. 

Solution b. For values of - 3 m < z < 0 , the derivative dV(z) / dz > 0 , and 

E, = - dV(z) / dz < O. For values of 0 < z < 3 m , the derivative dV(z) / dz < 0 , and 

E, = - dV(z) / dz > O. 
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Question S (S points) 

Careful measurements reveal an electric field 

- (!!'(l-r~ Jr; r 5, R 
E(r) = ~. ' R' 

0; r ~R 

where Q and R are constants. Which of the following best describes the charge 
distribution giving rise to this electric field? 

a) A negative point charge at the origin with charge q = 4J!'BoQ and a uniformly 

positive charged spherical shell of radius R with surface charge density 
(J' = -q 14J!'R' . 

b) A positive point charge at the origin with charge q = 4J!'BoQ and a uniformly 

negative charged spherical shell of radius R with surface charge density 

(J' = -q I 4J!'R' . 

c) A positive point charge at the origin with charge q = 4J!'BoQ and a uniformly 

negative charged sphere of radius R with charge density p = -q I( 4J!'R3 13). 

d) A negative point charge at the origin with charge -q = -4J!'BoQ and a uniformly 

positive charged sphere of radius R with charge density p = q 1(4J!'R3 13). 

e) Impossible to determine from the given infOimation . 

Solution c. As you shall see below the answer should be c. because the problem does not 
specify the sign of the constant a. However both description c. and d. do seem plausible 
so we shall accept anSWers c. , d.;-and e. 

Assume Q > O. Then the electric field can be thought of as the superposition of two 

fields, E+(r) =!!, r and E, (r) = - Q/; r . E+ (r) is the electric field of a positive point 
r ' R 

charge at the origin with q = 4J!'BoQ . E, (r) is the electric field of a uniformly negative 

charged sphere of radius R. Because the electric field for radius r > R is zero, the sum 
of the two charges di stributions must be zero. Therefore the charge density must satisfy 

3 • 3 
P = - q I( 4J!' R 13) = - 4J!'BoQ I( 4J!' R' 13) = -3BoQ I R . 
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Now assume a < 0 . Suppose the electric field can now be thought of as the superposition 

of two fields, E_ (I') =";'r and E+ (I') = - aJ~ r . E_ (I') is the electric field of a negative 
r R 

point charge at the origin with -q = 47r8oa > 0 , hence q < O. E+ (r) is the electric field of 

a uniformly positively charged sphere of radius R. Because the electric field for radius 
r> R is zero, the sum of the two charges distributions must be zero. Therefore the charge 
density must satisfy p = q I( 47rR3 13) < 0 . Therefore when a < 0 the only poss ible 

answer d. cannot be COlTect. 
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sum 

c) Sketch on the figure below one path leading from infini ty to the origin at 0 where the 
a 

integral f E· ds is tri vial to do by inspec tion . Does your answer here agree with your 

resu lt in b)? 

6 

Solution: The electric field at any point along the x-ax is is points in the - y-direction. 
Therefore for a path from infinity to the origin at 0 along the x-axis, the dot product 

a 
E· as = 0 and hence the integral f E· ds = 0 . Because by definition 

a f E· ,IS = -(V (0) - V(co» = 0 , and the integral is path independent, our answer for the 

above path along the x-axis sagrees with our result in part b. 
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Problem 2 (25 points) 

NOTE: YOU MUST SHOW WORK in order to get any credit for this problem. Make 
it clear to us that you understand what you are doing (use a few words!) 

Four charged point-like objects, two of 
charge +q and two of charge - q, are 
arranged on the vertices of a square with 
sides oflength 2a, as shown in the 
sketch. 

a) What is the electric fi eld at point 0, 
which is at the center of the square? 
Indicate the direction and the magnitude. 

e -itl 

1; 

1 :J 

~o 
~" "' .. ,,"," 

~ /1 

e -ia 

[} .x Ilxis 

e -q 

Solution: When I add the contributions to the electric field at the origin from the two 
positive charges on the upper comers of the square, the horizontal component cancels and 
the vertica l component points down. 

+'t Gt.. +~ +t +~ Q .. - -----,0 

" (J.. 
, 0 0 

"- ,/'(ia... 
>- ",.0. _ ,. .- --.... e -" ~ 

1::1' .... t-v'y~ ~ l!+- ~(L 4: -
0 0 ... ' .. C1. 

(J-- - I 0 -t -'t -6 a.... -f 
A similar argument holds for the contributions to the electric field at the origin from the 

two negative charges on the lower corners of the square. Therefore the elech·ic field at the 
ongm IS 

- 1- 1 . q ( I J' I Jiq . E o = 4 E+ sinB(- j) = 4k-, - (- j ) =--, (- j) 
q 2a- Ji 4fflio a-

b) What is the electric potential Vat point 0 , the center of the square, taking the potential 
at infinity to be zero? 

Solution zero. The electric potential difference between infini ty and the origin is just the 
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Problem 3 (25 points) 

NOTE: YOU MUST SHOW WORK in order to get any credit for this problem. Make 
it clear to us that you understand what you are doing (use a few words!) 

Three infinite sheets of charge are located at x = - d , x = 0 , and x = d , as shown in the 
sketch. The sheet at x = 0 has a charge per unit area of 2(]" , and the other two sheets 
have charge per unit area of -(]" . 

I 

- 0 

II 

""'­
x =-d 

+ 20 

III 

- 0 

IV 

" x =d 

a) What is the electric fi eld in each of the four regions I-IV labeled in the sketch? 
Clearly present your reasoning, relevant figures, and any accompanying calculations. Plot 
the x component of the electric fi eld , Ex' on the graph on the bottom of the next page. 

Clearly indicate on the vertical ax is the values of Ex for the different regions. 

Solution: We begin by choosing a Gaussian cylinder with end caps in regions I and IV as 
shown in the figure below. The total charge enclosed is zero and hence the electric flux 
on the end caps must be zero. Thus the electric fie ld must be zero in regions I and IV. 

/L) ( liJ . (0 8 

This turns out to be correct but the conclusion depends on an additional argument based 
on symmetry. If the electric fie ld is non-zero on the endcaps it must point either in the 
+x-direction in both regions I and IV or in the - x-direction in both regions I and IV. 
Neither is possible due to the symmetry of the charge distri bution. For example, if the 
electric field pointed in the +x-direction in both regions I and IV. Then if we looked at 
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the charge distribution from the other side of the plane of the paper, the fi eld should point 
in the -x-direction. However the charge distribution is identical when looking from the 
other side of the paper. Therefore the field must point in the +x-direction according to our 
original assertion. Therefore by symmetry the only possibility is for the fields in regions I 
and IV to point toward x = 0 or away from x = 0 . In the first case the flux would be non- r} '1 

zero on our Gaussian surface but it must be zero because the charge enclosed is zero. n 
Hence the electric field in regions I and IV is zero. (A similar argument holds if we ( ( I 
assume that the fi eld points in the -x-direct ion in both regions I and IV.) 

For regions II and Ill, we choose a Gaussian cylinder with end caps in regions II and III 
as shown in the figure below. 

-0 

:r 

The electric flux on the endcaps is !rI E· ciA = 2EA . The charge enclosed divided by &0 is 

Q"" I &0 = 2u AI &0' Therefore by Gauss's Law, 2EA = 2u A I &0 which implies that the 

magnitude of the electric field is E = u I &0 ' Thus the electric field is given by 

0 x< -d 

u, 
-d<x<O - -I ; 

E = 
&0 

u, 
O<x<+d -I ; 

&0 

0 d<x 

The graph ofthex component of the electri c field , Ex vs x is shown on the graph below. 

E, 
(J I Ell +----, 

"-
x =-d 

"­
x=o 

'- x 
x = d 

]0 



b) Find the electric potential in each of the four regions I-IV labeled above, with the 
choice that the potential is zero at x = -K<l i.e. V (-K<l) = 0 . Show your calculations. Plot 

the electri c potential as a function ofx on the graph on the bottom of the next page. 
Indicate uni ts on the vertical ax is. 

Solution: The electric potential difference between infinity and a point P located at x , 
is given by 

/' 

V(x) - V(oo) =-I E.clS. 

We shall evaluate this integral fo r points in each region. We start with P anywhere in 
region IV, d < x . Because the electri c field in region IV is zero, the integra l is zero , 

x 

V(x) - V(oo) = - I Ew . cIS = O. 

If P is anywhere in region Ill , 0 < x < +d then 

d x 

Vex) - V(oo) = - I Ew . cIS - I EIII . cIS 
00 d 

x x 

I I 
(J" (J" (J" (J" 

= 0 - E,dx =- - dx = - - (x-d) =- d - - x 
d d So So So So 

If P is anywhere in region II , - d < x < 0 then 

d 0 x 

V(x) - V(oo) =-I Ew ·clS - I E III ·as - I E I/ 'clS 
00 d 0 

o x 

= 0 - I~dx - I -~dx = ~d +~x 
d liD 0 &0 eO &0 

If P is anywhere in region J, x < - d then 

d 0 - d x 

V (x) - V (00) = - I E w . ds - I E III . cIS - I E 1/ • as - I E/ . as 
to d 0 - d 

o - d 

= O - I~dx - I -~dx - O =~d -~d = O 
d &0 0 &0 &0 £0 
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Because the electric field is continuous we can write our result as 

o . , x50 - d 

a- a-
-d +-x ; - d 50 x 50 0 

V (x ) -V(co) = 
80 8 0 

a- a-
-d - -x ; 0 50 x 50+c/ 
80 80 

o ; d 50 x 

Note this can be written as 

o ; x50-d 

V(x) - V(co)= ~c/ -~IXI ; - c/ 50x 50 d. 
8 0 80 

o . , c/ 50 x 

This result looks good because the area under the graph of the x component of the electric 
field , Ex vs x for the region - d < x < d is zero. The plot of the electric potential as a 

function of x on the graph is shown below with units of [V] on the vertical axis. 

[V] 
Vex) 

ad I eo 

" x ~- d "' X ~ O 
"' x 
x ~ d 

c) How much work must you do to bring a point-like object with charge +Q in from 

infinity to the origin x = O? 

Solution. The work you must do is equal to the change in potential energy (assuming the 
point-like object begins and ends at rest). Therefore 

W = U (O) - U (co» = +Q(V(O) - V (co» = + Qa- d . 
8 0 
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Problem 4 (25 points) 

NOTE: YOU MUST SHOW WORK in order to get any credit for this problem. Make 
it clear to us that you understand what you are doing (use a few words!). You may find 
the following integrals help ful in this answering thi s question. 

" I 
J r"c/r = --(r ,, +1 - r ,,, I). n '" I 

I 
b a' , 

n + 
r. 

Consider a charged~fini fe cy. inder of radius R . 

The charge density is non-uniform and given by 

per) = br; r < R , 

where r is the distance from the cenh·al axis and b is a constant. 

a) Find an expression for the direction and magnitude of the electric field 
everywhere i.e. inside and outside the cylinder. Clearly present your reasoning, relevant 
figures, and any accompanying calculations. 

Solution. Because the charge distribution defines two di st inct regions of space, region I 
defined by r < R and region II defined by r > R , we must apply Gauss 's Law twice to 
find the electric field everywhere. 

In region I, where r < R , we choose a Gaussian cylinder of radius r and length I. 

~. 
I"" - - - .- -. 
~ It\ \ 
\ ' I , I 

, 
) 
I 

:i ;f~oJI, 
10J 

...... _. __ .. _. 
.I 

Because the electric field points away from the central axis, the electric flux on our 
Gaussian surface is 

- S" 1'1.9 ~I\~cap~ 

g(r-
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Because the charge density is non-uniform, we must integrate the charge density. We 
choose as our integration volume a cylindrical shell of radius r', length I and thickness 
dr' . The integration volume is then dV' = 27rr'ldr' . 

~ '--"7 "'- -- - --, , \ \ 1 
~C~: r 
\ "'-'-- .A --:; f 
\ I I ,_._- -

Therefore the charge divided by Eo enclosed within our Gaussian surface is 

Q"" / Eo = _I 1 p2m''1dr' = _I ] br'2m''1dr' = _27r_I_b ] r'2 dr' = .::2.:.:7r.:.:lb:..:.r_3 
Eo 0 Eo 0 Eo 0 3Eo 

Therefore Gauss's Law becomes 

We can now solve for the direction and magnitude of the electric fi eld when r < R , 

In region II where r > R , we choose a Gauss ian cylinder of radius r and length I. 

J.. '1"-----. , \ 
I' , 
'\ \ 

l .' 
( 

{ 

- ' 

Because the electric field points away from the central ax is, the electric flux on our 
Gaussian surface is 
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We again must integrate the charge density but this time taking our endpoints as r = 0 
and r = R . Therefore the charge divided by lio enclosed within our Gaussian surface is 

1 f' ,,1 fR b '2 'II' 2;rlb fR , 2 I ' Q'nclliO = - p2m'ldr = - r ;rr , r = -- r ,r 
lio 0 lio 0 lio 0 

Therefore Gauss' s Law becomes 

2;rlbR3 

3lio 

We can now solve for the direction and magnitude of the electric field when r > R, 

Collected our results we have that 

E
- _ bR3 1 " 
II--- r . 

3li r o 

E= 

br2 
" 

-r' 
3lio ' 

bR3 I " 
--r ' 
3li r ' o 

r < R 

r > R 

b) A point-like object with charge +q and mass /Il is released from rest at the point 

a di stance 2R from the centra l ax is of the cylinder. Find the speed of the object when it 
reaches a distance 3R from the centra l ax is of the cylinder. 

Solution: The change in kinetic energy when the object moves from a distance 2R from 
the central axis of the cylinder to a distance 3R is given by 

K(3R) - K(2R) = - (U(3R) -U(2R» = -q(V(3R)- V(2R». 

Because the particle was released at rest, K(2R) = 0 , and K (3 R) = (l 12)/Ilv} , the final 

speed of the object is ' 

v, = _ 2q (V(3R) - V(2R» . 
/Il 

The electric potential difference between two poi nts in region]) is given by 
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1
3R - 13R bR

3 
1 V(3R)-V(2R) =- EJI ·ds =- --r·dS 

2R 2R. 3c:o r 

3R bR3 1 bR 3 3R bR3 =-1 --dr=-- ln- = - -ln(3 /2) 
2R 3& r 3& 2R 3& 000 

Therefore the speed of the object when it reaches a distance 3R from the central axis of 
the cylinder is 

2qbR
3 

/n(3/ 2) . 
3m&o 
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