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1999 Physics C Solutions
Mech. 1 (15 points)

(a) 5 points

T,
For conservation of mechanical energy
K+U=K+U o 5 Muv® = Magh

For mlw.lxnn,ghmlmnsefl
= 41 - cos6)
For substituting for M, and v in the energy equation

3
—(m+M.,)( il ] = (m+ M,)gi(1 - cos 8)

M,
For the correct answer

o ’"*Mﬂ Rgt(i-cos)

(b) 4 points

‘For Newton'’s second law (not awarded if net force was set equal o zero)

For any equation that indicated that the tension minus the weight is not zero

T — My = Mygaa
For an expression for the centripetal force
el
Lo 7
o
T = Mg = Mo %
For correctly substituting for Mig and v
g

(m+ Mn)%(m’:ukta) =T~ (m+ Mg

Solving for T
= (m+M,)g(3-2c050)

Distribution
of points

1 point

1 point

1 point

1 point

1 point

1 point

1 point



1999 Physics C Solutions.

Mech. 1 (continued)

() 4 points

For all of the following:
1) A practical procedure that uses some or all of the apparatus
listed and would work
2) Recogaition of any assumptions that must be made
3) Indication of the proper mathematical computation using the
variables measured

Two points ded if i not complete
but it would work, or if the mathematical work did not clearly specify
the variables used, o any combination of the above.

No points were awarded if the procedure would not be feasible in a laboratory
situation with the apparatus listed, of if the procedure was merely a repeat
of that outlined in part (a).

2 points

F,,=ma=-bv

For expressing the accelration a th time derivative o the speed, @ = 42
Tav _t b

IalEe

T

MY O
%)= m

= et
jd: = j ye ™y
o .0

For a general expression for the length of the dart in the block as a function
of time or for the expression for the total distance

/) "'"'T(i-e'”’/'")

L

|s
sl

Distribution
of points

4 points

1 point



1999 Physics C Solutions
Mech. 1 (continued)
(@) (continued)

Alternate Solution 1

For indicating that work equals the change in kinetic energy
JFde=tmi
2

By
2

For the correct expression for the total distance L
e
b
Alternate Solution 2
F,, Ar=Ap
For the above expression
Jbva

-,

ds

Using v==" and the fact that s goes from zero to L as time goes

is
dr
from zero 10 infinity

b ds =—-m,

—bL=—m,
For the correct expression for the total distance L

Py
b

Distribution
of points
Alternate points

1 point

1 point

Alternate points

1 point

1 point



1999 Physics C Solutions Distribution

of points
Mech. 2 (15 points)
(2) 3 points
For indicating that the equation for gravitational force is applicable 1 point
F== O
7
For using the proper expression for the mass of the planet enclosed by the radius 1 point
4
Gm| p7r’
| Py
=
For proper canolation of tems toshow thefal rsult 1 point
F=—3 4 xGom) r
(b) 4 points
F
R 2R T
meawmgamngmhn:ﬁummeongnmadlmnoek and not going past R 1 point
For having the maximum magnitude occur 1 point
For having the curve from R to SR dbacasmg in magnitude with proper curvature
and appearing to reach an asymptote. 1 point

For recognizing that the force is always negative, i the graph s always below
the x-axis 1 point



1999 Physics C Solutions Distribution

of points
Mech. 2 (continued)
(c) 3 points
In this and all subsequent parts, cither C or % 7Gpm could be used.
For indicating the integral that needs to be calculated to determine the work. 1 point
W=[Fdr=[-Crdr
For using the proper lmits on the integral (R {0 zero0, not ) 1 point
W =[-Crdr
2l
W ==C:
2
For the correct answer 1 point
o
2
Alternate Solution Alternate points
For recognition that the work is the area under the curve, which is triangular 1 point
For using the corrects limits (zero to R) 1 point
For the correct answer 1 point
Wk
2
(d) 2 points
For using conservation of energy or work-energy relationship 1 point
AK =Al
1 point
An alternate solution indicating the po(cnua! energy as that of a harmonic:
oscillator also received full credi
(©)2 points
For indicating that the ball will move from the center to the surface Oﬂhplll\a 1 point
For indicating that the ball will stop at the surface, return to the center,
and continue oscillating in this manner, with no damping 1 point

Describing the motion as simple harmonic oscillation with no damping earncd full credit



1999 Physics C Solutions
Mech. 2 (continued)
(@ 1 point

For showing a proper application of Newton’s first law
F=ma

Alternately, one could relate the time to the period of oscillation, 7 = 27— 2 -

Le. the time is one-fourth this period. The above equation was required;
a more general form was not acceptable.

Distribution
of points

1 point



1999 Physics C Solutions Distribution

of points
Mech. 3 (15 points)
(a) 5 points
For indicating that the net torque is zero, or that the clockwise and
counterclockwise torques are equal 1 point
For a correct expression for the torque exerted by the rod 1 point
£y = mgRsinG,
For a correct expression for the torque excrted by the block 1 point
s = 2mg (2R)sinG, = 4mgRsin 0,
For a correct expression for the torque excrted by the string 1 point
®
For adding the counterclockwise torques and setting the sum equal to the.
clockwise torque (this point not awarded for just one torque) 1 point
TR = 4mgRsin 6, + mgRsin 0,
T =5mgsin,
Only four points could be camed if the wrong trigonometric function was used.
Only three points could be camed if no trigonometric function was used.
®
i. 4 points
For indicating that the rotational inertia is the sum of the inertias of the disk,
 and block 1 point
For calculating the total rotational inertia 1 point
1= Ly + g +
B e 2
=ZmR* +=mR* +2m(2R)"
5 5 (2R)
=S
6
=,/
For substituting the value of torque from part (a) 1 point
S e
For an answer consistent with the values use for torque and rotational inertia 1 point
- SEsind,

3R



1999 Physics C Solutions
Mech. 3 (continued)
(b) (continued)

i 1 point

Expressing the linear acceleration in terms of the angular acceleration
=ar

For substituting the value of @and the correct radius, 2R
2gsi
13

(©) 5 points

For indicating that energy is conserved

For indicating that the potential energy of two bodies (the rod and the block) changes
AU = mgh, + mghy

For the correet expressions for these two potential encrgies

AU = mgR cos 6, + 2mg(2R) cos 6,
For indicating the correct kinetic energy when the rod is horizontal

K

slo?
2

Equating the kinetic and potential energies, and solving for the angular speed

3% 2R cosd, + dmgRcosl,

For using the relationship between lincar and angular speed, and substituting
‘and the correct radius, 2R
v=or

2ge050, ) ) _ [FeRE030,
R [

Alternate methods of solution included use of the following proper integrations
=2[ade
Q)

"

K= [rdo
)
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1 point

1 point
1 point

1 point

1 point

1 point



