Physics 380-001 PRACTICE Exam

Physics 380-001
Exam #2 PRACTICE EXAM

Your name:

Do not turn the page until you are told to begin. You will be given 100+ minutes to complete this exam.
Show all your work on the exam itself; no credit will be given for anything written on other paper.

You may use a calculator.

Do not write in the following table; it will be used for grading.

Problem 1 __/10
Problem 2 __ /15
Problem 3 _ /30
Problem 4 _ /30
Problem 5 __ /15
Total ___ /100
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Maxwell's Equations

In General: In Matter:
_ 1 _
V-E=—r V-D= rf
€ R
vxE=-B Vxg=-
o L ot
V.-B=0 v-=0
_ . - oD
?XB:/HOJ'F/HO OE VXH—J),"'E
ot
Auxiliary Fields
Definitions: Linear Media:
D=eE+R R=exE, D=ek
A=2B-N M=x,A, A=2B
m, m
Potentials
E=-vy-P B=UxA
ot

Lorentz Force Law
F=qE+a~ B)

Energy

1 1
Energy: U == || e,E®> + —B? ldt
gy ZJ.( 0 m, ]d
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e, =8.85710"%C? | Nm?
(permittivity of free space)
my=4p 107" N/A?

(permeability of free space)

Spherical

x =rsingcos f
y=rsingsinf
z=rcosq

Cylindrical

x=scosf
y=ssinf

zZ=Zz

PRACTICE Exam

FUNDAMENTAL CONSTANTS

e=160"10"C
(charge of the electron)
m=9.11"10"%kg

(mass of the electron)

SPHERICAL AND CYLINDRICAL COORDINATES

£ =singcos 7 + cosqgcos g - sin FF
$ =singsin 7 + cosgsin fg +cos FF

Z=C0sqgr-singq

x =cosfs -sin ff
y =sinfs + cos 1

N>
N>

FUNDAMENTAL THEOREMS

Gradient Theorem: _[;(Vf ) -dl

Divergence Theorem: J (V . A)dt: CJ)A da

Curl Theorem: J (? X A) -da = CJ)A dl
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Cartesian. dl = dx X+ dyy + dzz, dt = dx dy dz

ot ot ot .
Gradient: V¢ = — Xt —y+—2
ox oy~ oz
= ov
Divergence: V-v = v, + 2+ ov,
ox oy Oz
_ 0 P
Curl: Vxv= v, Y 2+ v, _ ov, B Vy ov, P
ay 0z Oz Ox ox ay
2 2 2
Laplacian: V% = 0 5 + 0 5 + 0 zt
ox oy oz
Spherical. d7 =drir+ rdq[y+ rsinqdfj; dt =72 Sinqdr dq df
Gradient: Vt—g +1ﬂ(}+ 1 ﬁf
or  rog’ rsingof
1 ovy
Divergence: V. v-ii(f )+ 7(8”1 ) : Ve
reor rsing oq rsing of

Curl: - 1 | oy, o, |. 1l 1 v, o ~ 1[0 o, ]
\V4 =—— | —1[sin - |+ — ~ + = =
XV rsinq{aq(SI t]vl) 51} L'nqaj 6r(r j)}q r{@r(rv") 50}’

2
Laplacian: yz,= 1 5(,, at) 1 6(Sinq6tj+ 1 ot
> or\ or) r’singogq oq) r’sin’qoj?

Cylindrical. dl = dss+ sdff+dz2 dt = sdsdFdz
Gradient: V¢ = (0t /0s)§ + (Us)0t/3f)J + (6t16z)

- 10 10v, ov
Divergence: V-y=—— SVS)+——f+ z
s Os s of 0Oz
ov .
Curl: va_ 1%_7 §+ 6\/5 _% +1 i@vf)_ avs 2
s of oz 0z Os 5| Os of
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0%t

oz*

1 0%

s? OF

Laplacian: V?¢ = lg(sgj +
s Os\ Os

Triple Products
W AE C)Br” A)=cx(i”B)
) A" (87 C)=B(AC)- C(AB)
Product Rules

8) V()= r@g ) ¢6r)

PRACTICE Exam

@ V@A -B)=AxFxB)rBxFxA)@E-VB+E VR

5) V- (A)r@-A)A-r)

(6) v@xB)=B®xA)—A(§XB]

) Vx(B)= rExA)-Ax (1,
Second Derivatives

9) V-(Vx4)=0

(10) Vx (V) =0

(11) %x(ﬁxﬁ) =V(V-A4)- V24

x -1
— dx=—
f(az +x2)% va? + x?

j sind9 dd
va —cos 9

1 1 x
f\/ﬁdx =Eatan (E)

= In(a — cos 9)
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x
f\/az + x?2

VECTOR IDENTITIES

dx =+ a? + x2

X 1 2 2
fmdx=§ln(a +x )

J

1

3
(a? + x?)2

X

dx = —
N T
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Problem 1: Fundamental Concept [10 pts] Why can | write a scalar potential for the electric field which
is a vector?
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Problem 2: Multiple choice on an Upper level Exam?!? What? [15 pts] As you have learned (will learn)
electron orbitals are important. The electron hangs around the nucleus in a cloud. We can find the
charge density of the electron in a given state by using the following relationship:

p(T', 9, (P) = —e l/)*(T, v, <P)1/J (T', 19! <P)

CIRCLE which of the following techniques CAN be directly used to find the electric field from the
following charge distributions (there can be more than one method). Put a BOX around the method that
is the BEST METHOD (only pick one).

1. Discrete Coulomb’s Law
Y 2. Continuous Coulomb’s Law
Z 3. Gauss’s Law
4. Method of images

x 5. Laplace Equation

6. Multiple expansion

s Orbital

1. Discrete Coulomb’s Law

2. Continuous Coulomb’s Law
3. Gauss’s Law

4. Method of images

5. Laplace Equation

6. Multiple expansion

p, Orbital
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Problem 3: You’d think the bad guys would have learn Death Stars Don’t Work [30 pts]: While
constructing the Death Star, there is a large, solid but hollow conducting shell. It has inner radius a, and
outer radius b. (The inside is completely empty of matter.) Cosmic rays have charged the shell to a total
negative charge, —q. No other charges are around; we're in equilibrium.

(a) [6 pts] Write out the charge distribution anywhere it’s not zero.

(b) [8 pts] Find and sketch the radial component of the E-field as a function
of radius. Make sure to annotate the graph completely.

(c) [8 pts] Find and sketch the voltage as a function of radius (assuming (o0) — 0 ). Make sure to
annotate the graph completely.

(d) [8 pts] How much electrostatic energy is built up in the system?
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Problem 3: Con’t

Page 9 of 19



Physics 380-001 PRACTICE Exam

Problem 3: Con’t
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Problem 3: Con’t
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Problem 4: Only half! [30 pts]: The potential at a surface of an
infinite cylinder of radius R is given by:

vV 0<p<m

V(R,fp)={
0 T< @ <27

(where V is a constant). Find the potential inside and outside of
the cylinder. There is no need to solve the differential equation,
the solution is below:

z

V(s,9) =bylns+ Z s™(A,, sinng + Bycos ne)

n=-oo (n*0)

Page 12 of 19



Physics 380-001 PRACTICE Exam

Problem 4: Con’t
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Problem 4: Con’t

Page 14 of 19



Physics 380-001 PRACTICE Exam

Problem 4: Con’t
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Problem 5: Hey I’ve done this before ... [15 pts]: You have a short (finite!) uniform line charge 1 as
shown below. Calculate the electric field at point P.

y
4a+

3a +

Charges

3'a 4'a 5'a
X
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Problem 5: Con’t
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