FRQ-6 Scoring Guide

Part a (5 points)

1 point: For indicating that the net torque is zero, or that the

N 2T=0 &£ D . |
clockwise and counterclockwise torques are equal
"r}‘/. '\ 1 point: For a correct expression for the torque exerted by the string
2 |
160 SNV )
G ) 1 point: For a correct expression for the torque exerted by the block
p
G,

Sn(180-6) = sin

1 point: For a correct expression for the torque exerted by the rod

1 point: For adding the counterclockwise
torques and setting the sum equal to the

. (2R) Si(186- eﬁ + (QBSm(IRO'@ =0 clockwise torque (this point
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HmgRsinB, + mg Reing_ =
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not awarded for just one torque)

e Only four points could be earned if the wrong trigonometric

function was used.

e Only three points could be earned if no trigonometric function

was used.
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value of torque
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tension in (a)
times R

Part b(i) (4 points)

«— 1 point: For indicating that the
- 3 2 rotational inertia is the sum of the
L 2 nR* + ‘?‘Mfel - inertias of the disk, rod, and block.
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1 point: For calculating the total
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—2_""R '%mQZ*ZmQZ rotational inertia

1= laisk + Trod * lbrock
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1 point: For an answer consistent with the

values use for torque and rotational inertia



Part b(ii) (1 points)

b‘(D linear accel of the end of Hra rod:

FP= 0N LWihece: B =LRR

1 point: For substituting the value of a and
the correct radius, 2R.

=(2r (a__ \ne)

= [\ {
F‘%QS 090\




Q\]MWSMed of the moag ot tha end of +he rod When i+ 1S
¢ Part c (5 points)

TInhal l«\ejaH of conter of maas of rod: l-\r: Rcos8,

nihad hu‘(jN of masg o eral of rod: hm: (2R) 258,
1 point: For indicating that energy is

conserved

CA + W = Eg

(U W + +0 =- N
P 7 rod. (UQ 1 point: For indicating the correct kinetic

1 point: For _) energy when the rod is horizontal
Moy (Rens 8, \H2 2Reosd mR*) W2 gy
indicating that the Afeer B (Reosm, ( D,
potential energy of 5 WgR’cos@o = 05 R wW?
two bodies (the ro '2
\2 0,056,
and the block) ey W

changes
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1 point: For the o Wi roaad:

correct expressions Ny =rW < — 1 point: For using the relationship between

for the§e e - (QQ/ Zo (o<9 ) linear and angular speed, and substituting

potential energies : Re w and the correct radius of 2R
T




FRQ-7 Scoring Guide

Part a (2 points)

1 point: For either a weight force or a
normal force, correctly drawn and labeled

1 point: For a second correct force and no
additional forces, arrows, or components




Part b (1 point)
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1 point: For a correct expression for the
centripetal force in terms of the forces drawn
in part a.

OR, for applying conservation of energy and
obtaining this correct answer.



Part c (2 points)

<) Eneapg PrnGple froen A 4 Dt

£, + W,y =Ep e Woxt =0 I +he compartment apd ecaih are in
Mo System.
] g »tnital Loight abdve D is R+ T = 3R
V(%\n‘* e 1M o 1 point: 1 point: For applying conservation of energy, with the loss of potential
K energy equal to the kinetic energy at point D
o(1)-4V:

1..35 = ¥ 1 point: For a correct answer
- D



Part d (3 points)
d) @ne(m phnu‘ple:

ED 'f'v\)e,d o EE

1 point: For equating the kinetic
energy of the compartment at point
D to the thermal energy at E

iMyy +o0 = Enu,
LN\ 1aR 1 point: For substituting the
@) ‘%expression for vy from part c.,
and d = 3R
= S>M M = Mk ij (3@

e point: For a correct expressior

jq[%ﬁ R= MKM6 (3@ for the frictional force
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Newton's Laws + Kanemahcs

1 point: For using both N2L and a
kinematics equation

iE\L = MAay
—f{,n=Maqg,

\ 1 point: For a correct expression
- /u%, Ay for the frictional force

1 point: For substituting the

2 s e ot expression for v, from part c.,
\/ﬂﬁ,("\’\,(* B and d = 3R
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Part e(i) (2 points)
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1 point: For substituting the time derivative of
AV velocity for the acceleration

—kv=m g

1 point: For substituting the braking force into
Newton’s second law as the net force



Part e(ii) (2 points)

) Solve the. diffeential equahin

— kNG, e ( iy 7 Vo
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1 point: For kK i 4v _
separating the S——E“ o JT wh\(LeMDVMmg \'S\n‘ 1 point: For a correct
variables and o Corsiont v : expression for the velocity as a
integrating G = Vir 1 Co function of time
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Part e(iii) (3) points)

Magnitude of
Acceleration
Vp k
M
ﬁSjmp*i'bn
o Time B

1 point: For a graph with a finite intercept on the vertical axis
1 point: For a graph that is concave upward and asymptotic to zero

1 point: For labeling the initial acceleration with the correct value
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