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R

ecently,
the

U
niversity

of
C

olorado
developed

the
C

olorado
U

pper-D
ivision

Electrostatics
(C

U
E)

D
iagnostic

to
“serve

as
a

com
parative

instrum
entto

assess
upper-division

E&
M

courses”
[1,2].

•
W

e
believe,thatw

hile
the

questions
on

the
C

U
E

cover
m

any
ofour

learning
goals

in
an

appropriate
m

anner,the
rubric

for
the

C
U

E
is

particularly
aligned

to
topics

and
m

ethods
ofteaching

atC
U

.
•

A
s

an
exam

ple,w
e

highlightC
U

E
problem

involving
the

superposition
principle.

•
U

sing
student

data
from

both
O

SU
and

the
C

U
,

w
e

discuss
the

lim
itations

of
the

current
rubric,

presentresults
using

a
differentanalysis

schem
e,and

discuss
the

im
plications

for
assessing

students’
understanding.
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PH
320:Sym

m
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and
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•
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V

ector
Fields

S
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r:C
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in

Physics
course

(G
riffiths
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briefly
9-11)
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agnetism
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&
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P
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&
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u
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u
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a)b
)

Standard
sem

ester
schedule

(a)
vs.

O
SU

quarter
schedule

for
E&

M
courses
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X
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M

P
L
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S

Exam
ples

from
the

exam
s

used
for

calibration
that

received
alm

ostfullcredit:

“I
m

ight
try

som
e

type
of

superposition
here.

It
could

be
easy

to
subtract

the
off-

centered
sphericalcavity.”

(Test11:4
pts)

“This
w

ould
be

solved
using

G
auss’

law
w

ith
thelaw

ofsuperposition
to

subtractthe
one

sphere
from

the
other.”

(Test12:4
pts)
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IO
N

Q
5
.A

charged
insulating

solid
sphere

of
radius

R
w

ith
a

uniform
volum

e
charge

density
⇢
0 ,

w
ith

an
off-center

spherical
cavity

carved
outofit(see

Figure).Find
E

(orV
)atpointP,a

distance
4R

from
the

sphere.
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 Q
4.  

   

    

Q
5. A

 charged insulating solid sphere of radius R
 w

ith a uniform
 

volum
e charge density !

0 , w
ith an off-center spherical cavity carved 

out of it (see Figure).  Find E (or V
) at point P, a distance 4R

 from
 the 

sphere.   
    

 
  

Q
6. A

 current loop of radius a that carries a constant current I.  Find B
 

(or A
) at point P, off-axis, at a distance r=100a. 

 
 

Q
7. A

 solid non-conducting sphere, centered on the origin, w
ith a non-

uniform
 charge density that depends on the distance from

 the origin, 

!
 

"(r)=
"
0 e

#r
2/a

2w
here a is a constant.  Find E (or V

) inside at point P.   
    

 

 

   

D
ata

Sources:

•
N

=
90

(3
sem

esters)
of

O
SU

stu-
dents’solutions

(PostPH
422)

•
N

=
64

of
students’s

solutions
provided

by
the

U
niversity

ofC
ol-

orado
(PostE&

M
(I))

C
U

E
IN
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R

U
C

T
IO

N
S

“(...)
give

a
brief

outline
of

the
EA

SIEST
m

ethod
that

you
w

ould
use

to
solve

the
problem

.
M

eth-
ods

used
in

this
class

include
butare

notlim
ited

to:
D

i
r
e
c
t

I
n

t
e
g
r
a

t
i
o

n,
A

m
pere’s

Law
,

S
u

p
e
r
p

o
s
i
t
i
o

n,
G

a
u

s
s
’

L
a

w
,M

ethod
ofIm

ages,Separation
ofVari-

ables,and
M

ultipole
Expansion.”
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Q

5
A

n
s
w

e
r:C

orrectansw
er

is
superposition.(3

pts)

0
points

for
only

saying
G

auss’Law
+

1
pointfor

saying
integration

or
dipole.

+
1

point
for

superposition
of

charges
but

not
fields

(e.g.,for
4/3⇡

(R
3�

r
3)⇢

0 ).
0

for
“totalcharge

ofsphere
w

ith
cavity”

E
x
p

l
a
n

a
t
i
o

n:
Full

answ
er

is
superposition

of
tw

o
oppositely

charged
spheresand

then
G

auss’Law
to

solve
forE

ofeach
sphere.N

eed
to

indicate
w

hatis
being

superposed
for

fullcredit(e.g.,an
antisphere

ofnegative
charge

density).(2
pts)

+
1

point
for

stating
w

hat
is

superposed
—

tw
o

oppositely
charged

sphere

(
+

0
.
5

pointifthey
don’tstate

the
spheres

are
op-

positely
charged)

+
1

point
for

explaining
how

to
solve

using
the
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o

charged
spheres.
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electric
fields:
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w
ord

“superposition”
A

2
does

notuse
the

w
ord

“superposition”

B
C

learly
talks

aboutadding
potentials:

B1
uses

the
w

ord
“superposition”

B2
does

notuse
the

w
ord

“superposition”

C
Seem

s
to

be
adding

charges:
C

1
uses

the
w

ord
“superposition”

C
2

does
notuse

the
w

ord
“superposition”

D
A

m
biguous
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is
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/

su-
perposed:

D
1
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the

w
ord

“superposition”
D

2
does

notuse
the

w
ord
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C
O

N
C

L
U

SIO
N

S

•
The

rubric,w
hich

gives
m

ore
credit

for
term

inol-
ogy

over
m

ethod,preferences
course

m
aterials

such
as

C
U

’s
(lecture

notes,
clicker

questions,
tutorials,

etc.),w
hich

em
phasize

term
inology.

•
The

rubric
in

its
currentform

does
notprovide

in-
form

ation
about

an
area

w
here

students
seem

to
be

struggling,independently
ofinstructionalapproach.

D
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R

E
SP
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N

SE
S)

Frequency
ofuse

ofthe
term

“superposition”
in

stu-
dents’answ

ers
atO

SU
vs.C

U
.

•
O

f
all

relevant
answ

ers
(A

–
D

),
81%

of
C

U
stu-

dents
explicitly

used
the

term
“superposition”;

the
sam

e
percentage

of
O

SU
students

did
n

o
t

use
this

term
.

•
O

f
all

am
biguous/incorrect

answ
ers

(C
and

D
),

only
11%

ofO
SU

students
d

i
d

explicitly
use

the
term

“superposition,”
com

pared
to

57%
ofC

U
students.

Frequency
of

correct
(A

/B),incorrect
(C

/D
),irrele-

vant
(F)

and
lack

of
answ

er
(X

/Z
)

at
O

SU
and

C
U

.

•
A

tboth
schools

only
⇠

15%
ofallstudents

took
a

clearly
correct(electric

orpotentialfield)approach
to

this
problem

(⇠
30%

ofrelevantresponses).

•
A

tboth
schoolsalm

ost
70%

ofstudentsw
ere

either
unclear

about
w

hat
they

w
anted

to
add/superpose

or
clearly

talked
aboutadding

charges.


