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2 points

Fora comect expression for distance

d-ut

d= (18 ms)(205)

d-36m

Fora consistent sbstifution of orce from part (5)

W= Fi

W= (054N)(36m)

w=197

‘Full credit could also be given for equivalent sofutions (e 2, combining the expression
P = Fy for power with the expression IV = Pt for work to get 17 = Fut,
followed by consistent substifutions)

2 points

‘For mentioning the force of fiction but not inchuding the concept of work

For inchuding a statement that riction does work or disipates energy

‘Note: If the answer for part (d)is ess than or equal to the answer for part (¢) 5o credit
was given.

Units point

‘For correct units on all mmerical answers

1 point

1 point

1 point
1 point

1 point
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Question 3

15 ponts total
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3 points

For using the comrect expression for the magnetic flux
o-B1

For correct substitution

6= (0030 T)(020 m)’

For the correct answer

6-12x107 T

4 points

For using the correct expression for the magnifude of the emf
-]
& %
For recognizing that one needs to calculate a change in the magnefic field or the flux
For a correct determination of the change in magnefic field or the flux

_ B4
Sy

o (020T-00%0 T)(020m)?
— oss
For the comect answver
£ 0014V (vwith or without a negative sign)

2 points

For using a comect expression for Oba's law
I-gR

For comect substintion

1= (0014 V)/(050 2)

I-0m3a

Distribution
of points

1 point
1 paint

1 point

1 point

1 point
1 point

1 paint

1 paint
1 paint
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Question 3 (continued)

Distribution
‘of points
@ (contimned)
i 3poins
For comectly indicaing that the current is covnterclockvise 1 point
‘The remaining points were only awarded if the point above was eamed.
For indicating that Lenz's law or a hand rule applies 1 point
For corectly explaining how Lenz’s law or a band rule leads to the anstwer 1 point
For example: The magnetic field i increasing into the page. Cumrent will be induced.
to oppose that change. By the right hand rule, to create a field out of the page the
current mmst be couaterclockwise.
@  2poins
‘For any description of a correct method to induce a cusrent in a constant magnefic eld 2 points
For example: Change the area of the loop.
Pull the loop out of the field

Rotate the loop about an axis in the plane of the loop
No points were auwarded if ifemss such as batteres, capacifors, efc. were added to the loop

Units: 1 point
For correct units on at least fwo of the fhree answers fo parts (), (). and (6) 1 point
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Question 4

15 ponts total
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4 points

Fora coneet expresion forthe magifode o he e per i e coi
% R o
£-% or e

_AAB _ wi(B-0) _Bow
w T w RETE
For comect sbstitionsineither equsion (both yield the sane value)
o (025m)(015m)(020T)
— owos
For comect clculation
£~ 0015 Vpernum
Forcecopnizing that with 20 ucus the total e i th col i 20 tnes the e per o
£, - 2000015 V pertum) - 030V

e

2 points

‘For corect expression for Ob's law, subsifution from part (2), and magnifude
T-IR

v _030V
500
‘For coect direction. i e, counterclocioise

-

-0064

3 points

Fora comect expression for the power dissipatedin the coil

P-Iv OR P-PR OR P-FR

For correct substittion of answers from (2) andor (b) o one of these expressions
(Must recognize that 7 = £,)

Forexample, P — (0,05 4)(030 V)

For corect calculation including correct aits

P-0018W

Distribution
of points

1 point

1 point

1 point
1 paint

1 point

1 paint

1 point

1 point

1 point
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3 points

‘The force on the ight side is zero, and forces on the fop and bottom sides cancel.
5o the net force is that on the lft side.

For the comect expression for the force on astraight wire (force per fum in this
situation) in a magnetic field

F = Bltsing OR F - BIf (recognizing thatthe wire is perpendicular to the field)

For conrect subsifutions

F=(020T)(0.60 4)(0.15m)

F=00018N
For recognizing that with 20 furns the total force on the left side of the coil is
20 times the force per fum
Fug = 0036N
Alternate Solution
W _Fi
For using one ofthe equations P = Fusing OR P -2 - F2
Pt or F-E
For comect substitutions (both approaches yield same value)
£, - 0018W(0505)
T oBm
For comect answer
Fux = 0036 N
3 points

‘For recognition that doubling the mumber of fums dovbles the fotal emf, which
would tend to increase the current

‘For recognition that doubling the mumber of fums dovbles the fotal resstance,
which would tend to decrease the cusrent

‘For putting these together to show that the cusrent is unchanged.

e
P -
B RE
‘Note: The third point was swarded for an indicstion that the curreat is iachanged.
even i the jotiication was wrong.

T

1 point

1 point

1 point

Alrernate points
1 point.

1 point

1 point

1 point
1 point
1 point
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Question 6

10 points total Distribution
of points
(@) 3 points
z
~<
For an unambiguous indication that the induced current in the loop is in the 1 point
counterclockwise direction
For a justification that includes two correct and relevant principles, such as the 2 points
following:

‘The flux is changing (or increasing into the page).

‘The induced current will oppose the change in flux

A counterclockwise current will produce flux out of the page.

‘The magnetic forces on charges in the right-hand wire will drive a counter-
clockwise current.

Velocity is to the right, and B into the page, so qv x B points toward the top of the

page
‘The induced current must produce a magnetic drag force (opposite the motion).
A single relevant principle earns 1 point.




image2.png
®)

@ 2 points
For writing relevant algebraic expressions for both the current and the emf somewhere
in the part (b) answer space
1= wd e=-moc_pn
R At

1= Bto/R = (20 T)(0.10 m)(3.0 m/s)/4.0Q

For the correct magnitude of the current
I1=015A

@) 1point

Fy = Bltsin6 , where 6 = 90° because the field is perpendicular to the direction of the
current.

For an unambiguous substitution of current and wire length consistent with part (i) and
the correct magnetic field into a correct expression for force

Fy = (20 T)(0.15 A)(0.10 m)sin90°

Fy=0030N

Units 1 point
For correct units in the answers to both parts (i) and (ii)
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(©) 3 points

For an unambiguous indication that the net force is zero 1 point
For stating that the current is zero 1 point
For either correctly explaining why the current is zero (such as “there is no change in 1 pomnt

‘magnetic flux” or “magnetic forces on charges in the two sides of the loop push the
charges in opposite directions”) or explaining how zero current results in zero
‘magnetic force on the wire loop
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Question 3

15 points total
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3 points

Fora comectstatmeat of Ohm’s I (symbolic o muneric)
For comet st of Fsaday  law (oymbolic or i
1-E B0
R

(O0T)052m)(18 as)

e
For thecomect amwer
P

1

4 poiats
For  comect expression for the Sction frce (symbolic or mumeric)
B g

Fy = (020)(022 ke)(9.8 m/s?)

F, - 043N (044 Nusingg =10 m/s))

‘Fora comect expression for the magnetic force (symbolic or mumeric)
Fp - BIt

B = (080T)(025 4)052m)
Fy - 010N

‘For any indication of muliple forces (esplicit, implied, fee-body diagram. etc.)
F-F+F

For comet answerconsisent with e cueat rom pat ()
F-043N+010N-08N (054 Nusiagg 10 ws")

Distribution of points

1 point

1 point

1 point

1 point

1 point
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3 points

Fora comect xpresion fo enrgy (incloding fme)

Ep P

For  comect expresionfo powe (iadividally o in anoter exprssion)
P-PRORP-IV OR P-TR

For consistent substition of cureat o vltage fom par s nfo acorect equaton
g ~ I'Ri OR Eagy ~ IVt OR. gy~ T1/R

Forcxample:

Eg, - (025A7(300)(205)

g - 0381

1 point
1 point

1 point




