Physics 125: Classical Physics A

1 Practice Problems for Final Exam

Problem 1

The Space Shuttle flies with a typical altitude of 300 km above the surface
of the earth. The radius of earth is 6328 km and the mass of earth is
6 x 10%* kg.
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(a) What is the velocity of the shuttle?

(b) What is the period of the shuttle’s orbit?



Solution

a)

What is the velocity of the shuttle?

ANSWER: OK, this is a single force circular motion problem:

mM v?

R =R

. [GM
VR

R = 6328km + 300km = 6628km = 6628000m

. \/6.67 x 10-116 x 1024
N 6628000

v =T77702
S

b)
What is the period of the shuttle’s orbit?
ANSWER: We simply relate the velocity to the period:

27R
V= —
-

__ 27R

v
_ 276628000

T 0
7 = 5360sec

T




Problem 2

Shown in the figure below is a four blade propeller. Each blade has a
mass of 5 kg and a length of 3 meters. The propeller starts from rest and
reaches 200 RPM after 20 seconds.

1 Blade:
Mass =5 kg
Length=3 m

4-Blade Propeller

What is the angular acceleration of the propeller in %f”
How many turns has the propeller undergone in these 20 seconds?

The speed of sound in air is 345 . At what w does the tip of the

propeller exceed the speed of sound?

Assuming the angular acceleration is constant at what time does the
tip of the propeller exceed the speed of sound?

Approximate the propeller as four rods rotating about their ends.
What is the moment if inertia, I, of the propeller?

What torque is required to make the propeller move as detailed in
this problem?



Solution

. . . d
(a) What is the angular acceleration of the propeller in 2227

ANSWER: OK. First we will repair the units on the angular veloc-
ity:

2 1ma
rrad min _ 20_94%1 (57)

= 2
v 00rpm x 1rev % 60sec

Now we can write the information in a well-formed manner:

t(w = 20.94) = 20 (59)
w=w,+ at (60)
20.94 = 0 + 20 (61)

20.94 rad
= —— = 1.047T— 2
o 20 047 = (62)

(b) How many turns has the propeller undergone in these 20 seconds?
ANSWER: OK, turns is a question about 6:

8(t = 20) =? (63)

0 =6y + wot + %o:t2 (64)

6=0+0+ %1.047(202) (65)

6 = 209rad x ;:;ZZ = 33.33turns (66)

(c) The speed of sound in air is 345 Z-. At what w does the tip of the
propeller exceed the speed of sound?



(f)

ANSWER: We can relate the linear velocity of the top to the an-
gular velocity by:

v =rw (67)
Wsound = 2 . 34_5 = 115@ (68)
r 3 sec

Assuming the angular acceleration is constant at what time does the
tip of the propeller exceed the speed of sound?

ANSWER: OK, this is asking for t under a condition on w:

t(w = 115) =? (69)
w=wo + at (70)
115 = 0 + 1.047¢ (71)

115
= —— =109. 2
t To17 109.8sec (72)

Approximate the propeller as four rods rotating about their ends.
What is the moment if inertia, I, of the propeller?

ANSWER: Each rod has a moment of inertia of %M L?. There are
four rods total:

1 1
I = -ML? = §5(3)2 =5 x 3 = 15kgm?® (73)

3
Iy =4 x I = 60kgm? (74)

What torque is required to make the propeller move as detailed in
this problem?

ANSWER:

=TI (75)
T =60 x 1.047 = 62.82Nm (76)



Problem 3

A uniform bar of mass M = 2.5 kg and length L = 2m is supported in
static equilibrium in a horizontal position by a pin at its left end attached
to the wall, and a string attached at the right end which makes and angle
relative to the bar of # = 35°.

(a) Find the tension in the string.

(b) The string breaks and the bar pivots around the pin with no friction.
What is its initial angular acceleration, «, just after the string breaks?”
(The moment of inertia of a uniform bar about an axis through its

center is I = L5ML? and about an axis through one end is I =

. ) 124
sML ).



Solution

(a) Find the tension in the string.

OK...this is a force AND torque problem (static equilibrium). We
must draw and extended free body diagram:
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FINE. Now we have to do THREE equations: F,, F, ,7. We'll start
in the x direction:

> F.=ma, =0 (77)
N —Tcosf =0 (78)

Now for the y direction:



E F,=ma, =0 (79)
U+ Tsinf—mg=20 (80)

Finally, we need to do the torques. For the torques, we need to decide

which axis the object is not rotating around. ALL OF THEM. We’ll
take the left end of the rod as the axis and then solve the problem:

Y r=Ia=0 (81)

mgg —TsinfL =0 (82)

2.5(9.3)% =Tsin352 (83)
_2.5(9.8)

T =52 =214N (84)

We could then use this in the previous equations to find U and N.



The string breaks and the bar pivots around the pin with no friction.
What is its initial angular acceleration, a, just after the string breaks?
(The moment of inertia of a uniform bar about an axis through its
center is I = I%M L? and about an axis through one end is I =

LMI?).

OH!!! This is so easy! Once the string breaks...only the mg force

makes a torque!!

ZT=IOZ
L

ng=Ia
L 1
= = —mI?
mgo = pmla

m cancels as well as one of the L’s:

1 1
- ==
93 =37@
3g rad
o = i _7358_2

(85)
(86)

(87)

(88)

(89)



Problem 4

Shown in the figure below is a grindstone (mass = 80 kg, radius = 0.7 m)
that is used to sharpen an axe. The axe is pressed against the spinning
grindstone with a normal force of 20 N. When this is done the grindstone
slows from an initial motion of 100 rpm and comes to a stop in 2 minutes.

/ N=20 N

Axe

Stone Wheel
What is the angular acceleration of the grindstone?

(b) How many turns does the grindstone make before coming to rest?
(¢) What is the moment of inertia of the grindstone?

What is the coefficient of kinetic friction between the axe and the
grindstone?
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Solution

(a) What is the angular acceleration of the grindstone? ANSWER:
Again a kinematics problem that is done by writing the information

carefully:

t(w = 0) = 120sec
2rrad 1min _ 10.47ﬂ
lrev 60sec 8

wo = 100rpm

w=wy + at
0=1047+ al20
10.47 rad

o= _W = _00878_2

(90)
(91)
(92)
(93)
(94)

(b) How many turns does the grindstone make before coming to rest?

ANSWER: OK, this asks about theta:

f(w=0)=?

w? = wg + 20(8 — )

0 = 10.47% + 2(—0.087)8
10.472

= 2x 0087 _ 030rad
# = 630rad Lturn = 100turns
2rrad

(¢) What is the moment of inertia of the grindstone? ANSWER:

1 1
I= 5MR2 = 580(0.72) = 19.6kgm?®
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(99)

(100)



(d) What is the coefficient of kinetic friction between the axe and the
grindstone? ANSWER:

T = Ia (101)

T =19.6 x 0.087 = 1.7052 (102)

r=FR=pNR =1.7052 (103)
1.7052

Problem 5

Shown in the figure below is a simple yoyo. The string is wrapped around
the outside of the yoyo and the yoyo accelerates downward.

M=0.20kg
R=001lm

(a) What is the acceleration of the yoyo?

(b) What is the tension in the string?

12



Solution

M = 0.20 kg
R=0.01m

mg

This problem has one linear and one rotational dimension:

Y
mg —T = ma

Adding these results:

mg = 1.o9ma

=9 _ m
=1 6.533 2
Putting this in the second equation:

T= %ma = %0.2 x 6.533 = 0.6533N
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(113)
(114)

(115)



Problem 6

Shown in the figure below is a system of masses and pulleys. NOTE: The
pulley has mass and so the tensions on the two sides of the pulley are not
the same! Please approximate the pulley as a solid cylinder.

3 kg
T,
4 kg T,

|:|8kg

0=30

(a) What is the linear acceleration of the system?
(b) What is the tension 777

(¢) What is the tension 757

14



Solution

(98]
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D8kg

6=30

T2

68
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3
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OK, this problem has three objects and therefore 3 free body diagrams as
shown above. First we’ll deal with the 4 kg mass:

y: (116)
N —4gcosf =0 (117)
N = 4gcostheta = 33.95N (118)
z: (119)
Ty —4gsinf = 4a (120)
(121)
For 8 kg mass we will have:
B (122)
8g—T> = 8a (123)

Finally for the pulley, we could not care less about the force of the shaft,
S, and so we'll only ONLy do the rotational direction:

T (124)
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rTy — Ty = I
1

I=§m'r

o=

(]

Ble 38

r(Ty —Ty) = mr?

|
T2 - Tl - §ma = 1.5a

| =

OK, adding them all up we find that the tensions cancel!

8g —4¢gsinf = 13.5a

6g = 13.5a

6g m

= —— =4.355—
@=135 = 100

Plugging into the first equation:

T, —4gsin8 = 4a
T, —2g =4 x4.355
T, = 37.02N

Plugging into the second equation:

8g —T> = 8a
8¢ — T, =8 x4.355
T, =8g — 8 x 4.355 = 43.56 N
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Problem 7

10. A race between two cylinders is performed. Both cylinders begine at the
top of the 1.5 m tall ramp and roll without slipping to the bottom.

a) Hollow Cylinder b) Solid Cylinder

l5m ! , 1.5m
Y v="

v="?

— -~

(a) What is the speed of the hollow cylinder when it reaches the flat?
(b) What is the speed of the solid cylinder when it reaches the flat?

(¢) Which one would win the race?

Solution

(a) What is the speed of the hollow cylinder when it reaches the flat?
ANSWER: This is a case of conservation of energy:

TE, =TE, (139)
0+0+mgy+0=%mvz+%Iw2+0+0 (140)
I =mr? (141)
v
w=— (142)
mgy = %m'v2 + %mrzz—: (143)
mgy = %mv + %m’u2 (144)
mgy = mv? (145)
gy =0’ (146)

v=gy =08 x15= 3.843? (147)
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(b) What is the speed of the solid cylinder when it reaches the flat?
ANSWER:

TE1 = TE2 (148)
1 1
0+0+mgy+0=§mvz+§Iw2+0+0 (149)
I= %mﬁ (150)
v
= — 151
w=" (151)
| 11 2
mgy = §m1)2 + 5577%1'2%' (152)
1 1
mgy = —mv? + —mov® (153)
2 4
mgy = %m’v2 (154)
3
9y = 2”2 (155)

4gy m
= \/ — =4.427— 156
Y 3 8 (156)

(¢) Which one would win the race? ANSWER: Solid cylinder wins
since it has smaller I!!!
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Problem 8

You are lowering a bucket into a well. When the bucket is 4 m above
the water, your hand slips and the bucket falls toward the water while
unwinding the spindle.

0.8 kg
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(a) What is the speed of the bucket when it reaches the water?
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Solution

(a) What is the speed of the bucket when it reaches the water? AN-
SWER: Conservation of Energy!

1 1
TEI=TE20+0+2g4+O=§2v2+5Iw2+0+0

21

1

I=—-mr?

2mr

v

w=—

r

1., 1,1 ,°

2-4—12'02-+-1m'v2
9==3 2

1
2g4 = v? + Z(o.z;)v2

2¢4 = 1.20°
8g = 1.20°

/8g m
v = ﬁ - 808?

(157)
(158)
(159)
(160)
(161)

(162)

(163)
(164)

(165)



Problem 9

You are in lab and see in front of you a hollow cylinder spinning with w
= 20 rpm. You decide to drop the solid cylinder on top of it.

Hollow Cylinder Solid Cylinder
M=15 kg M=2 kg

(a) What is the final w after you drop the solid disk?

Solution

(a) What is the final w after you drop the solid disk? ANSWER: This
is an angular momentum problem!

Iring = Mr? = 1.5¢° (166)

1 1
Tiisk = EMr2 = 52# = r? (167)
Iy = Ly = 1577 (168)
I = Luing + Laisk = 2.5¢° (169)
Ilwl = I2£d2 (170)
1.57% x (20rpm) = 2.5r%w, (171)

1.

2—?(20rpm) = Wy (172)
we = 12rpm (173)
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Problem 10

You are standing at the end of a diving board as shown in the figure below.

M =80 kg
m = 20 kg |‘
B
N
Il m 5m
e -

(a) What is the force from the “center” support?

(b) What is the force from the left-most support?
Solution

TFz

Fl1

20g

y 80g
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OK, this is a statics problem with one linear dimension and one rotational

dimension:
y .

F2—F1—2Og—809=0
Fy — F; — 100g = 0

For the rotational dimension we’ll take the pivot as the left end:

T:
1x Fo —25x%x209—5%x80g=0
F> —4509g =0

Fy = 4509 = 4410N

Plugging into the first equation:

Fg—Fl—].OOg:O
450g — Fy — 100g = 0
Fy = 350g = 3430N

Problem 11

(174)
(175)
(176)

(177)
(178)
(179)
(180)

(181)
(182)
(183)

Three small blocks, each with mass m, are clamped at the ends and at the center of a massless
rod of length L. (The rod is massless, do you think you need to include the moment of inertia

of the rod?)

(a) Compute the moment of inertia of the system about an axis perpendicular to the rod

and passing through a point 1/4 of the length from one end.

(b) Computer the moment of inertia of the system about at axis perpendicular to the rod
and passing through the center of the rod using the ”parallel axis theorem” for moment

of inertia.

(c) Check that your answer is correct by explicitly calculating the moment of inertia about

the axis in (b)
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Solution

(a)
I1;s = m[L/4)* + m[L/4]* + m[3L/4)* = (11/16)mL?

(b)
Injg = Iom + Md® = I = Iy — (M = 3m)(L/4)*

Iem = (11/16)mL? — 3m(L/4)? = (1/2)mL?

I = m(L/2)% + m(0)? + m(L/2)* = (1/2)mL?
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