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1998 Physics C Solutions Distribution

of points
Mech. 1 (15 points)
(a)
1. I point
For correct answer I point
. As 030m~0.10m
U= e 2 el 2 1 00 m/s
At 030s-0.10s
ii. 1 point
For correct answer 1 point
— A 099m-087m
u¢-—=~—~«-—---————-—-~z®.60m/s
Ar 1.105s~0.90s
ii. 1 pomnt
For correct answer 1 point
— As 118m-1.14m
U = e = et = (3 20 mi/s
At 1.90s-1.70s
(b) 3 ponts
v(m/s)
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For line I horizontal at v = 1.00 mv/s or at answer obtained for (a)i. I point

For line II with monotonic, negative slope between points P, and P-,
Pyat (0.70 - 0.80, 1.00) or (0.70 - 0.80, answer to (a)i.), and
Pyat(1.20 - 1.30, 0.20) or (1.20 - 1.30, answer to (a)iii.) I point
(This line may be straight, which is consistent with the data, or slightly
curved as shown, which is consistent with the behavior of springs)

For line I1T horizontal at v = 0.20 m/s or at answer obtained for (a)iii. 1 pomt
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of points
Mech. 1 (continued)
(©
i. 3 points
For any statement of conservation of momentum or energy ! point
For proper conservation of momentum or energy equation | point
Method 1: Conservation of momentum
MUy =m0, +MpUy
(090 kg)(1.00 mis) = (0.90 kg (020 m/s) +(0.60 kg)v;
Method 2; Recognize from part (d) that energy is also conserved.
S R U SO
—— 177 -, .
5 AN ai 5 avar 5 B%B
l(o 90 kg X1.00m/s)* «l(o 90kg ¥0.20 m/s )’ < Losox o
5 0. g Xl. =510 g K0.2 50 g )ug
For correct answer | pomt
vy =12 mfs
v{m/s)
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; ‘ ! ! b > 1 (s)
0 0.50 1.50 2.00
For line | hornizontal at =10 | point

For line I with monotonic, positive slope between points P, and P-,
P,at (0.70 - 0.80, 0), and
Poat(1.20- 130, 1.20) or (1.20 - 1.30, answer to (¢)i.) 1 point
(This Iime may be straight, which is consistent with the data, or slightly
curved as shown, which is consistent with the behavior of springs)

For line II] horizontal at v = 1.20 m/s or at answer obtained for (¢)i. 1 point
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of points
Mech. 1 {continued)

@

1. 2 points

For correct answer 1 point
Yes, the collision 1s elastic.

For any reasonable justification I pont
Examples:
The final kinetic energy equals the initial kinetic energy.
The spring force is conservative meaning the total energy stored equals the total
energy released.
The compressed spring stores and releases energy in equal amounts.

{The justification point was not awarded if student answered “no” to the question.)
i. 1 point

For any reasonable explanation I point
Examples:

The compressed spring stores maximum amount of kinetic energy.

Attime t = ] s, there is maximum kinetic energy stored as potential energy.

Attime t = 1 s, the spring has maximum potential or elastic energy.
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Distribution
of points
Mech. 2 {15 points)
(a)
1. 3 points
For a statement that momentum is conserved or p; = pr | pomnt
muy =(3mv,
For the correct final speed ! point
1)
’ 3
For correct substitutions and answer 1 point
2 2
1, 5 1 (v mug
Kaﬁer = Mu* Z”"(."BITZX ”:Q-} = ©
2 2 L3 6
“ 1 5 .
(1 point awarded for X, = E(Sm)u '+ 1f student found wrong v, or
could not find v, .)
1. 2 points
i 5
o mog;  mug
AK = Aqﬁer - Kbefore ;—_.....,ém - 7
For correct sign of answer 1 pomnt
For correct magnitude of answer | point
mu,’
AK = -2t
2
A L I,
(2 points awarded for any wrong answer from (a)i. minus —mv; )
2
" | .
{1 point awarded for 3 mu; minus any wrong answer from: (a)i.)
®)
1. 2 points
For correct substitutions into the center of mass equation 1 point
Zmyr,  m(0)+2m(£)
Tom = 5 = )
i nm - 2Lm
For correct answer 1 point
2

Yem ::":'g
o/
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of points
Mech. 2 {continued)
i, 1 point
A
% 2 i
m@ o
L
m
For vertical arrow anywhere on diagram or in answer space I pomt
ii. 1 point
Linear momentum is conserved.
pi b pf
muy, +3m(0) = (3m)u,
For correct answer I point
Yp
Uy =
73
v. 3 points
Angular momentum 1s conserved.
Lbcfarc = Laﬂ:r
For determining the angular momenta about the center of mass ! point
. 1
Lyetore = muyRsin @ =mu, («; f}
ol
Laﬁer = ‘ZJ
For determining the moment of inertia ! pomnt
. (2 ) 1Y 2 .
I=2mr’ = m(-—-f) + Zm(: é} =—ml”
3 o 3
Substituting M0 Lpetore = Lasier,
1 2 2 .
muo(—-f) =—ml‘w
3 3
For correct answer I point
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Mech. 2 {continued)

v. 3 points

1
Ki m»;;mvg

o

For recognizing that final kinetic energy is translational plus rotational

K, x%mw} +é—-]w2

For correct substiutions and final kinetic energy

i v \
K, ==QGm) = |
7 2(3 )(3)

AK =K, -k, :imug w-}—mu'
4 2

For correct answer

AK = wlmuoz
4

(Correct answer point awarded for either positive or negative sign.)

Distribution
of points

I point

I point

I point
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Mech. 3 (15 points)

(a) 5 points

For each correct vector -- % point
For each correct magnitude -- /4 point

If the score for part (a) contained an odd number of half-points, the total score

was truncated by dropping one half-point.

L 4'\ N']
=

1.
m,

1if.

. A

1v. P NZ.
7]

V.

f ™

(b) 3 points

For expression for the maximum frictional force

Ny =mg
ﬁ —_—
T =Mz

Ny = (my + ma)g

fo=Mg

Jatmany = My =ty (my +my) g

For equating this force to the tension 7" = Mg

Mg =, (m +my)g

For the correct answer

M= p, (my +my )

Distribution
of points

} point

! point

I point

! point

I point

I point

! pomnt

I point
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of points
Mech. 3 {continued)
{c) 3 points
S T
} r, ;, {0 T ™
) ] : !
tomy > 7 X _,f»
. } i
PN wr—— |
M3
For correctly applying Newton’s second faw to the hanging block I pont
ZF = ma

Mg —~ T = Ma (equation 1)

For correctly applying Newton’s second law to the system of the two
blocks on the plane I pont
ZF =(m +my)a

T~ f, =(m +my)a (equation 2)

For combining equations 1 and 2 to eliminate 7. substituting for /3 and solving for a } pomnt
For example, solve each equation for 7 and set them equal,
Fo+{my +my)a= Mg~ Ma

/ukil(mz +m2)g+(m3 +n12)a:Mg~Ma

M =t (my +m, ﬂ
Qo= - .

&

)

|
wd

M +m +m,

{Alternate solution) ST T T T T = ~f§ {Alternate points)
i
| W {
| rot! >
|2 A== g
L o — = =

/L.;-:/Mkz {m, "mz)f}
Apply Newton’s second law to the three-block system, realizing that the pullev acts
only to change the direction of the force produced by the tension in the string.

ZF =m.a ,
For correct substitutions 1n left side of equation above ! point
For correct substitutions in right side of equation above ! point

Mg — p, (nn -i»mz)g =(M+m +my)a

For correct solution for @ ! point
M = gy (my + 15 ) |
a= g
M +m, +m,
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of points

Mech. 3 (continued)

)

i. 2 points
A
m,
For correct valae of f; I point
i = ymg

For correct answer | point

_ HahEg
a4y == U 8
m, '

1. 2 points

Applv Newton’s second law to the hanging block.
ZF = ma

Mg - T = Ma, (equation 1)

For correctly applying Newton’s second law to block 2 I point
2F =ma
T - f\ = f, = mya, (equation 2)

For combining equations 1 and 2 to eliminate 7. substituting for the
frictional forces and solving for a-. I point

For example, solve each equation for 7 and set them equal.
Iy + fo +ma, = Mg - Ma,

Ma, +mya, = Mg - p,,m g~ ,u“(;m + 1, )g
[ M = pym, "ﬂk’:(’"z +my )

a, = ‘ ‘

M+m2 |

144
&>

-
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E & M 1 (15 points)

{a) 4 points T

(b)

Fe

F

For magnitudes of electric and gravitational forces. I and I,
For equating F;, and F, to components of 7
Tcost=F, =mg
k005

rZ
Eliminate T between these two equations and solve for Qs
For example from 1% equation,

0.025 kg){ 9.8 m/s’
5 _ (0025 ke)(98 ms)
cos20°

Substituting into the 2™ equation,
(9x10°N-m*/C*)(120x 10 Clo,

(1.5m)?

Tsinf=F, =

=026 N

(0.26 N)sin 20° =

For proper substitutions
For the correct answer

0=186x107 C (or 1.9 x 107 C)

2 points

For correct answer

The new equilibrium angle will be less than 20° (or it decreases).

For reasonable justification that indicates charges moved on conductor so positive

charge is farther apart or that indicates that £, is smaller.
Example: -

The conductor allows charges to move. Positive charge will be on the far side
of B from A4 and with a greater distance the electric force will be smaller.

Distribution
of points

I point
I point

| point
I point

! pomnt

I pomt
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E & M 1 (continued)

(¢} 3 pomnts

(d)

(e

Using Gauss’s law
§§ E-dA =-L
& .
For evaluation of integral in equation above
For correct expression for charge enclosed

EQmt) = >
&y
A 0.10x10™° C/m

E =

2mre,  27r(8.85%10™% C2/N-m?)
For either of the two expressions above for £

E= MN/C

T
2 points

F=gqF
For proper substitutions in equation above

4 3
F={120x10%C) L8x10° e
L 13

)

For correct answer
F=014 N

4 points

For expression for work, such as W =gAl or ‘f gEdr

For integral with proper limits
For the proper evaluation of integral and substitution

For example,

W:?F»ds=—}qur=~g}wdr

1.5
0.3
W =—-(120x107)(1.8 x 103)jidz~ =—216[Inr)"} =~ 216(0 0.3~ In15)
Is
1.5

For the correct answer
W=0351]

Alternately, one could find AV using a similar integral and then use W = gAV,
with assignment of points similar to the above to maximum of 4 points.

Distribution
of points

| pont
! pont

I point

! pont

! point

I point

I pont
I point

I point
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E & M 2 (15 points)
{(a) 2 points

—(—

R =10Q
Wy

S
l N

For correct placement of voltmeter

(b) 3 points
For correct application of Ohm’s law
_ & 2V
"R +R, 30Q
For correct value of current
1224
2

For correct value of voltage across R,

m=m=§Ame=6mv
S

(Alternate solution using voltage divider)

For voltage divider equation
R
V= L&
R + R,
For correct substitution

’:»——wlwg-»@meOV
1002 +200

For correct answer
V=667V

(©

i. 2 points

For correct answer
V=20
(1 point awarded for stating that no current flows)

i, 1 point

o=CV
For correct substitutions and answer
Q=154F x20V =300 uC

Distribution
of points

2 points

I point

! point

I point

{Alrernare points)

! poini

! point

! point

2 points

| point
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of points
E & M 2 (continued)

(d) 2 points

For correct answer 2 points
V=0
(1 point awarded for no current or realization of new initial conditions)

(© :
1. 2 points

For correct application of Ohm’s law and answer 2 points
7= & _20V_2 A
R +R, 30Q 3

{1 point awarded for 20V
100

)
ii. 1 point

For correct substitution in energy equation and correct answer | point

_1l772_1 247 =
Uy =51I° =52 H)(-B—A) =0.444]
(1 point also awarded if incorrect current n {e)i. (except zero) was substituted

and answer was consistent with this current.)
() 2 points

For correct equation 2 points

E-I(R +R.)- L2 =0

{1 point only awarded if one sign incorrect)

One point was subtracted from the final score for two or more wrong or absent units for parts where the answer
was given, except where the answer was zero, in which case units were not counted.
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E & M 3 (15 points)

@)

(®

4 points

Using Newton’s 2™ law along the ramp,
F, sin@— F,, = ma, where F; = force of gravity, and F,, = magnetic force

At constant speed, a = 0, so
F,snf-F =0

For the following expression for F,,

F, =F,siné

For substituting F, = mg
F,=mgsmnf

For substituting F, = I{B
I{B=mgsinf

For correct answer
78 sinf
£B

4 points

s
| ar
For correct expression for ¢,,
$uy = Béx
For the time deriviative of §,,
by
dt

=RBfv

For correct use of Ohm’s law to find current

E=1IR

=£_Be
R R

For equating this expression to the expression for / from part (a) and solving for v

Blv _mgsing
R B¢
o= mgfisxf o
B.{.f~

Distribution
of points

| point

I point

b point

| point

I point

I point

! point

I point
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E & M 3 (continued)

(©)

(d

(e)

2 points

For correct expression for power
P=I°R
For correction substitution of the expression for / from part (a)

P (m*g?sin® )R
T B2

3 points

For either of the following two expressions
mfi—u— =mgsinf ~ I{B
at
B*f*v
mK

dv )
—_—=gsinf -
dt &

For rearranging terms in either expression to set up intergral
For example,
dv
A = df
B i v
mR

gsinf -

For integrating this expression, and applving (0) = 0 to get answer

mRg sin 0 [ BV%J
f)m 8l L ] - eXD| e
M [ p( R ]

m

2 points

For correct answer
Yes, the final speed of the bar decreases

For any reasonable justification
For example;

Since the two resistors are in parallel across the emf in the bar. the new effective

mgRsing

resistance 1s ~§- And since v = —TSIF— from part (b), then if R decreases,

e

the speed decreases.

Distribution
of points

I pomnt

| pomnt

I point

I point

I pomt

! pomt

I point



