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Katharine Hyatt PHYS 21 (Prof. Oh ): Assignment 4 Solutions

H + R 12.43

We see immediately that there is friction in this problem, so we can’t use conservation of energy. We know
that for the hoop:

v, =wRRolling condition

And for the box:

ap =g cost — upgsin b

The fact that the hoop keeps pace with the box means that
Vhp = Up

Which automatically gives us
ap = Qp

We see that:

ap =—(wR)

We realise that gravity exerts mno torque because it is exerted at the centre of mass of the hoop. The only
force which exerts a torque is friction.

T=fR
=prmpgsin R
prpmpgsin R
ah = mpR
=g sin 6

prgsind =gcos — puigsinf

241 sin @ = cos 0

1
e =5 tan 6
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H + R 12.43
H+ R 12.49

We see that there is no friction in this problem, so we can use conservation of energy. Let’s call the speed of
the ball as it exits the track vy:

PE =mgh

1

KE zimv2 + 5@02

E=PFE+ KFE
dFE
= 0
dt

2

miv. 2

1
mgH =mgh + fmv]% + 5 Wr

2

From the rolling condition, we see that

So:

7 o
g(H —h) 10Vf
10g(H —
vy = Og(H —h)

Then, using our kinematics knowledge, we see that:

gt?
2
\/ﬂ
g
vyt
Neenn
7
120(60 — 20)(20)
7
40
Om\/:

h =
t=
xr =

2

=47.8m

Page 3 of 8



Katharine Hyatt PHYS 21 (Prof. Oh ): Assignment 4 Solutions H + R 12.49

H + R 12.50

Again there is no friction, so we can use conservation of energy. In order for the marble to just stay on
the track, the normal force exerted on it by the track at the top of the loop should be exactly 0. Since the
marble is on a circular section of track, this is the same as saying that gravity provides all the centripetal
acceleration. This condition can be written:

2
Utop

g:

So, from conservation of energy:

1 1
mgh =mgR + fmvfop + =w?

2 2
1 2mR? v7,,
=mgR + §ng + 5.5 2

3 1
:ing + gng

=199
17
h=—
10

H + R 12.51

To solve this, we can just write down the torques and use Newton’s third law. We know that:

ma =W =T
7=TR
=Ila

7mR2 a

2 R

To find the angular acceleration «:

“mR2

“3mR
29

3R
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H + R 12.52

We use Newton’s third law again:

ma =mgsinf — T where T is the tension
TR =I«

i 1
ma =mgsinf — —ma
5ma =mg sin 6
2
a==gsinf
39
So the tape unwinds with constant acceleration. Now we can use a kinematics equation

1
! =vot + Qat2

1
L :§aT2 where T is the unwinding time
2L
o

T2

2L -3
2¢sinf

_ 3L
'\ gsiné
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H+ R 12.52

H + R 12.57

We can use energy methods again:

2 2
mgh :éé Rz%z + %muQ
:1—70mv2
v = ggh

T =vcos 0t

1
y=—wvsinft — 59152

2

gz
=—gtanf — ———
y 202 cos2 0
tan 0 Tx?
=—rtanf — ———
y 20h cos2 0

Plugging in the numbers the question gives us, we find:

r=2534m
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H + R 12.59

Let’s call the velocity of the centre of mass v., and the velocity of the far end (the one her hand isn’t on)
vy. We see that she throws the stick with wg. Let’s call the angular velocity about the centre of mass w.

woL
Ve =——
2
wlL
= L = _—
Vf =Wo B
= w =2wo
27N =6(T)
=wt
Ve =gt
Ve
t=—
g
2t N :wE
g
L
297N :20.)0%
2gm N :wSL

2gm N
Wy = 7

2ay =(v})? - (v}

2gh :vg — 0 look at the falling behavior
ve
"2
wal? 1
== %
_ 29T N L?
~ 8Lg
_wNL

4
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H + R 12.60

We realize that the ball stops slipping when the rolling condition is met, when
wR=wv

We see that the only torque on the ball comes from friction:

7=l
2mR?
R =
f ¢
5
o umgR
2mR2
_ g
2R
w =at
_brg
2R
And the ball is decelerating linearly due to friction:
v =09 — pmgt
wR =vg — pugT
5ugT
% =vg — pgT'
Tugl’
L
2
o 2'[}0
Tpg
We can check our units - ms™! - m™1s? = s so our units make sense.

K + K 6.35

As the block rocks sideways without slipping, the point of contact between it and the sphere is Rf. As long
as the centre of mass is “inside” the Rf “envelope” (closer to the vertical than Rf) then the block won’t fall
off. If the centre of mass obeys this condition, a restoring torque exists. If the centre of mass doesn’t obey
the condition, a restorting torque is impossible. Assuming that R > L, the block will be unstable if:

RO <§tan9

L
<§9 for small angles

2R <L
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