UNIVERSITY of PENNSYLVANIA

School of Arts and Sciences .
Department of Physics and Astronomy

PHYSICS 008 — Fall, 2009

General Information:

The class will meet in DRL A2 from 12:00 noon to 12:50 p.m. on Mondays, Wednesdays, and
Fridays. There will be two “midterm” examinations. The first will be on October 7, 2009 and the
second will be on November 9, 2009. The final examination is currently scheduled from 12:00
noon until 2:00 p.m. on Thursday, December 17, 2009. I also expect to give several short quizzes
during the semester. These quizzes will have only a modest effect on your grades in the course,
but they will give me some idea of how effectively you are learning the material and give you
some idea of what to expect on the examinations.

I will use Blackboard (https://courseweb.library.upenn.edu) to post assignments, announcements,
reminders, and general information about the course. I will assign homework problems regularly,
and provide solutions to those problems shortly after they are “due”. The homework problems

~ will neither be collected nor graded. However, most students who have ignored them in the past
have encountered difficulty on the quizzes and on the examinations.

Text:

The text for the course is Volume I of the sixth edition of Physics — Principles with Applications
by Douglas C. Giancoli (Pearson/Addison Wesley —2005). I hope to be able to cover most of the
material in the first fifteen chapters by the end of the semester.

Grades:

Grades on quizzes, midterm examinations, and the final examination will be weighted in the
following fashion to determine grades for the course:

Quizzes 10%

Midterm Examinations 20% (each)

Final Examination 50%
Qffice Hours:

My “regular” office hours will be from 1:00 p.m. to 2:00 p.m. on Mondays. It has been my
experience that any office hours I schedule are inconvenient for most students. Accordingly, I will
be happy to make appointments to see students at other times. Since I am on campus most of the
time during the week I believe that it will not be difficult to find mutually-convenient times for
any appointments you wish to make. The best way to reach me is by e-mail.

Walter D. Wales

2N18 David Rittenhouse Laboratory
Telephone: 215 898-7942

E-mail; wales@physics.upenn.edu

September 9, 2009
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Name

(Please print)
PHYSICS 008

First Quiz
September 16, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may usea calculator and the information on the reverse side of this sheet.

A stone is thrown vertically upward with a velocity of 30 meters per

second from the base of a cliff that is
30 meters high. The stone reaches a height higher than the cliff, and

then falls back and lands on the cliff.
a) Determine the maximum height above the base
of the cliff that the stone reaches. v

Al “

e che

g eal T - 5045 (p) 30m

y (o)t 15(306) 7 #59 M | ‘30 L

b) Determine the velocity of the stone just before it lands on the cliff.
2 z .
.@f-yo ;‘”2&_( ’g‘) ' -
Z T - . ‘ " f o U 7 / (_)
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¢) Determine the total time the stone was in the air.
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One-dimensional kinematics:

X, =X
Gy =) ) Velocity——-v=£lz

AverageVelocity =V, =
e (t, 1) dt
If a = constant: v=v, +at
2
Xx=x, +Vv,i+——
2
v:—v? =2a(x—x,)

-9.8 m/s*

Acceleration of gravity near surface of earth:

Acceleration

dav
==

dt



Name

(Please print)
PHYSICS 008

First Quiz
September 16, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may us¢a calculator and the information on the reverse side of this sheet. '

A stone is thrown vertically upward with a velocity of 30 meters per second from the base of a cliff that is
30 meters high. The stone reaches a height higher than the cliff, and then falls back and lands on the cliff.

a) Determine the maximum height above the base
of the cliff that the stone reaches. v

_oR” . - |
gd%fdf' z“‘:g:g 2% (“/0) 30m

7 z(%u’(QZL’ = 45(‘5’%) ;45;/@ i ‘30m/s

b) Determine the velocity of the stone just before it lands on the cliff.
Z z . ’
y -2, = Za(gw (7) |
y:(s0)=-19.8(8) U ﬁi/ZZ/ﬂﬁ/z”/m 5 (-)
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¢) Determine the total time the stone was in the air.
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Name WS
PHYSICS 008 (Please Print)

Second Quiz
September 23, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the reverse side of this shee

A baseball is thrown with a velocity of 30 meters per second at an angle of 30° to the ground. The height
of the ball at the instant it is thrown is 1.5 meters. The person who threw the ball was not paying much
attention to where the ball was headed. As the result the balls smashes a hole i m a third-story window of a
building that is 55 meters from the thrower. (Note: You may use “g” = -10my/s? if you wish.)

a) Determine the maximum height above the ground that the ball reaches on its way to the window.

NOTE:
Drawing Not
hyindow To Scale

l
In\l,l\_// 55m >
Lm  F =z t=,83 h=75L¢r5RIEM
—QOR—

0-/5° ,2(9% 15) - h=1298m
b) Determine the height above the ground of the hole in the window. Z
-85 -2.25 h=15+@ /z)/;’»%?/z./zj =/).28m

A -
o = 16-9.8(212) =37 s

/- /5+/5;573(2@ /128 m

¢) Determine the velocity (magnitude only) of the baseball immediately before it hits the window.
G797
U=26.63 nyYs 2



Name W S
PHYSICS 008 (Please Print)

Second Quiz
September 23, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the reverse side of this sheet.

A baseball is thrown with a velocity of 30 meters per second at an angle of 30° to the ground. The height
of the ball at the instant it is thrown is 1.5 meters. The person who threw the ball was not paying much
attention to where the ball was headed. As the result the balls smashes a hole in a third-story window of a
building that is 55 meters from the thrower. (Note: You may use “g” = -10m/s? if you wish.)

a) Determine the maximum height above the ground that the ball reaches on its way to the window.

NOTE:
Drawing Not
hwindow To Scale

l
IH\LN__,/ 55m .
1.5 =/ 1:-,53 /(:752"%/-5"/3'95”2

7 e
O-/5 = 2%—3'5}\%45) - h=/298m
b) Determine the height above the ground of the hole in the window.

Z
g4 =é’¢£ = 2128 /1:/.57"@./2)/5’//9/2-/2) =/)28m
2 .

f‘U -~

ho=r 5 + /5;573 /5578 (2.12) /128 m

¢)- Determine the velocity (magnitude only) of the baseball immediately before it hits the window.

2 5 78)12d)
V' (78) 7 G = 7an ,-,e‘f,«//ﬁ
72f=26.43 W/s 24



One-dimensional kinematics:

X, —X;
- AverageVelocity = v, = (—f-——'z Velocity =v = i Acceleration=a = G
(t,=1) dt dt
If a = constant: v=yv,+at
t2

a
x=x, +v,f+—
2
v —v2 =2a(x-x,)
Acceleration of gravity near surface of earth: -9.8 m/s*
Projectile Motion:
Same equations with ay = -9.8 m/s®> and a,=0
Trigonometric Functions:
Sin§=A/C
Cose=BC T

Tan6=A/B . °
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Name
PHYSICS 008 (Please Print)

Third Quiz
October 2, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the reverse side of this sheet.

A block of mass of 10 kilograms is on a plane that is inclined at an angle of 37° to the horizontal. A cord
passes from this block over a massless and frictionless pulley to a second block, of mass 15 kilograms,
that hangs freely. The system is released and the 10-kilogram block is pulled up the plane. . (Note: You
may use “g” = 10m/s? if you wish.) :

a) Assume that there is no friction between the 10-kilogram block and the plane and determine:
i) The acceleration of the 10 kilogram block. 30« * ‘J

ii) The tension in the cord. \ ’ ‘
/50-7 = /544 | _, 5| a
TR0 L% [
90 < 264

o= 3,41’)’1-/67/
77 /50 ,/5&:/50-‘5‘/‘36#
T= ¢peroa =03 ’9(01\/

b) Now assume that the coefficient of kinetic friction (i) between the 10-kilogram block and the plane
is 0.50, and determine:

i) The acceleration of the 10 kilogram block.

ii) The tension in the cord.
/50~ r=/54

4£0 = 25A

a’»ZM/ﬁL
7= /50 //5(2) = [20

N,



Name
PHYSICS 008 (Please Print)

Third Quiz
October 2, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the reverse side of this sheet.

A block of mass of 10 kilograms is on a plane that is inclined at an angle of 37° to the horizontal. A cord
passes from this block over a massless and frictionless pulley to a second block, of mass 15 kilograms,
that hangs freely. The system is released and the 10-kilogram block is pulled up the plane. . (Note: You
may use “g” = 10m/s? if you wish.)

a) Assume that there is no friction between the 10-kilogram block and the plane and determine:

20= h N

i) The acceleration of the 10 kilogram block.
ii) The tension in the cord.
S0-T = /6FR
90 < 254
=36 vn/ s
7= /50 -)5a = /50—*5‘/’3&”

Tz ¢prr0a =E0t3C ’9@/\/

b) Now assume that the coefficient of kinetic friction (px) between the 10-kilogram block and the plane
is 0.50, and determine:

i) The acceleration of the 10 kilogram block.

ii) The tension in the cord.

5o T =154
S0=R5A

a= ,2m/5 -

- 120N

7 = /50 _/5(2



Trigonometric Functions:

sin9=% c
cos@=% a
tan6’=% 0

Quadratic Formula:

—b++/b* —4ac

Iff ax?+bx+c=0,then: x=—

—

2a
Kinematics:
. & - ) X, =X &
Velocity=v=— , . Average Velocity =v,,, = S} ) Acceleration =a =——
a . (t; —t) dt
If a = constant: v=v,+at ) -

at’
X=X, +V0t+—2—

v —v? =2a(x-x,)

2

Centripetal Acceleration: a, =—:3 directed toward center of circle
r

Newton’s Law and Forces:

F=mi (ora= % ) Kinetic Friction: F, = i N
Static Friction: F, < g,N

Force of gravity: F =mg, where g = 9.8 m/s”: (Near earth, pointed down)

GM M .
F =———2, general case (attractive)
r

Some Useful (?) Constants:

2

Go66rxl0 N R =637x10°m, M, =598x10"kg
kg’ ¢ :
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Name %,4/.6 <
"~ PHYSICS 008 (Please Print)

Fourth Quiz
October 21, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the reverse side of this sheet.

A block of mass of 4 kilograms is on a horizontal frictionless surface. It is placed against a spring which
is compressed by 0.50 meter. When the spring is released the block slides across the surface and up a hill,
also frictionless. The top of the hill is 20 meters above its base. At the top of the hill the velocity of the
block is 15 meters per second. (Note: You may use “g” = 10m/s? if you wish.)

a) Determine the velocity (V) of the block before 15 m/s
it reaches the base of the hill. ' [} 1 e
20 m
I — l

4kg

‘T/UZ+ O = mug " m (19)(20)
2 2
» = ysf+ 400 = 629

04,25107%%

b) Determine the elastic constant (k) of the spring.

z
/éﬁlf O =Y
2 2

yE ) i{ég) c/o/wz?%

KE )"



Name %ﬂlé <
PHYSICS 008 (Please Print)

Fourth Quiz
October 21, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the reverse side of this sheet.

A block of mass of 4 kilograms is on a horizontal frictionless surface. It is placed against a spring which
is compressed by 0.50 meter. When the spring is released the block slides across the surface and up a hill,
also frictionless. The top of the hill is 20 meters above its base. At the top of the hill the velocity of the
block is 15 meters per second. (Note: You may use “g” = 10my/s? if you wish.)

a) Determine the velocity (v) of the block before ' 15 m/s
it reaches the base of the hill. [ 1 T ?
20m

. e e, l

4kg
mut, o - mas) w m (19020
2 ., 2
2 =5+ H#00 =627

W¢Z5mé¥

b) Determine the elastic constant (k) of the spring.
v Z
A =m0
2. 2

Z

/é: my = //(égf ';/O/Oﬁﬂ%
«L 652.



Quadratic Formula:

—~bt+b* —4ac

If: ax’+bx+c=0,then: x=

2a
Kinematics:
. dx ) X, —X,
Velocity =v =— AverageVelocity =v,,, = (—1———2 Acceleration =a = @&
dat @t -t) dt
If a = constant: v=v, +at

aZ
x=x0+vot+7

vi—v! =2a(x-x,)

2
. . v . .
Centripetal Acceleration: a, =—; directed toward center of circle
r

Newton’s Law and Forces:

F=mad (ord= % )  Kinetic Friction: F, =N
Static Friction: F, <y N

Force of gravity: F =mg, where g=9.8 m/s>: (Near earth, pointed down)

M .
F = G 12M2 , general case (attractive)
r

Work and Energy:

— — — F.7 = — _',—‘ _p=dW — .3
Work =W =Fx=F r—Frcosé—IF dr Power =P = %z’t—fF y |
KineticEnergy = KE = mv% PotentialEnergy = PE  Near earth APE = Amgh

Spring: F =-kx, PE =kx% '

v

Work and Conservation of Energy

Work,,, + PE, + KE, =Work,, + PE, + KE,

If no work added or lost then: PE, + KE, = PE, + KE,

Some Useful (?7) Constants:

2

G =6.67x10" 2 R =637x10°m, M, =5.98x10"kg

2 b
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Name %/7 46 f

(Please Prini)
PHYSICS 008

Fifth Quiz
October 28, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the reverse side of this sheet.

1 A 4-kilogram block moving with a velocity of 5 meters per second on a horizontal frictionless surface
strikes an 8-kilogram block that is initially at rest. After the collision the 8-kilogram block has a
velocity of 3 meters per second. (Note: This collision does not conserve kinetic energy)

5m/s va=17 3m/s
kg ——p 8kg ‘ 4kg 8kg |—>»
BEFORE AFTER

a) Determine the velocity (va) of the 4-kilogram block after the collision. (4ps)

ys)+ O = 42+ 83)  Hp=-
0+ 0 = HYALH 2 ==/ s

b) Determine the amount of kinetic energy that was lost in the collision. (2pzs)

(e - 4E250T  KG  0Q) % 40) = 38T
2 2
Loss = /27

2 A 75-kilogram halfback running south with the football with a velocity of 10 meters per second is
tackled by 125-kilogram defensive guard running east with a velocity of 8 meters per second.

a) Determine the velocity (magnitude and direction) of the 75kg
combined players immediately after the tackle is made. (4pts)
10m/s
/009 8m/s
/= /1250 125kg O -k m--mmmmmmm e

g ™ 200 R
= 6.25m/s
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PHYSICS 008
Fifth Quiz
October 28, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the reverse side of this sheet.

1 A 4-kilogram block moving with a velocity of 5 meters per second on a horizontal frictionless surface
strikes an 8-kilogram block that is initially at rest. After the collision the 8-kilogram block has a
velocity of 3 meters per second. (Note: This collision does not conserve kinetic energy)

Sm/s Vi =7 3m/s

4kgl 8kg 4kg] 8kg |—»

BEFORE AFTER
a) Determine the velocity (vs) of the 4-kilogram block after the collision. (4pts)

A/({)-I'O = 4/77‘5(3) 4
0O = MUK 2) ==/ rifs

b) Determine the amount of kinetic energy that was lost in the collision. (2pts)

(e = 4EIE50T A 7 1) 40w 367
2 2
Loss = /27

2 A 75-kilogram halfback running south with the football with a velocity of 10 meters per second is
tackled by 125-kilogram defensive guard running east with a velocity of 8 meters per second.

a) Determine the velocity (magnitude and direction) of the 75kg
combined players immediately after the tackle is made. (4pts)
D 10m/s
/00 8m/s
' p /= /250 125kg G—— - ok - --m--mmmm e
75 200 20050
125) 200 S

-6 25,7/5



Quadratic Formula:

—h+Ap? -
Iff ax?+bx+c=0,then: x= bx~b —4ac
2a
Kinematics:
X, =X

Velocity =v = & AverageVelocity =v,,, = S—f——'—)— Acceleration = a = il

d (t,—1) dt
If a = constant: v=vy, +at

2
x=X, +v0t+—2—

v —v2 =2a(x—x,)

2

. . v . .
Centripetal Acceleration: a, =-—; directed toward center of circle
r

Newton’s Law and Forces:

F=ma (ord= % )  Kinetic Friction: F, =N
Static Friction: F, < u,N

Force of gravity: F =mg, where g = 9.8 m/s>: (Near earth, pointed down)
G
F= —A/I—IZA—/IZ— , general case (attractive)
r

Work and Energy:

W =Fx=F-F= = [(F.d —p=dW/ —F.%
Work =W =Fx=F r—Frcosﬁ—J-F dr onwer—;P— Kﬂ-—FV
KineticEnergy = KE = mv% PotentialEnergy = PE ~ Near earth APE = Amgh

Spring: F =~kx, PE= k"%

Work and Conservation of Energy

Work g,y + PE; + KE, = Work ., + PE, +KE,
If no work added or lost then: PE, + KE, = PE,; +KE,

Momentum:

oy EF=dP NP =V P
P=my F= If no external forces; ZP, = ZP‘ )

dt
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PHYSICS 008

Sixth Quiz
November 4, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the reverse side of this sheet.
1. A hoop (I = MR?) is rolling without slipping on a horizontal surface with a linear velocity of 6.0

meters per second. The mass of the hoop is 0.50 kilogram and its radius is 0.15 meter.

a) Determine the total kinetic energy of the rolling hoop. (4pts)

Ke=mote Zu©
Z Z- =z 2
:”/Zg? /)Zfz,g - M()

6im/s
_—

2
= (s)e) =87

2. A 0.80 meter-long handle is attached to the face of a pulley with a radius of 0.20 meter. When a force
F is applied at right angles to the handle it provides a torque of 120 m-N about the axis of the

cylinder.

a) Determine the magnitude of the force F. (3ps)

//U’F//S/A/&O/
/20 =7 ('8)
F=/50N

Y

A cord is wrapped around the cylinder and then is fastened to a hanging block of weight W. When the
handle exerts a torque of 120 m-N the block rises at constant velocity.

b) Determine the weight of the hanging block. (3pzs)

W= 20 =120 =Loon)
— . 2



Kinematics:

. dx X, —X,
Velocity =v =— AverageVelocity =v,,, = (——f——'l Acceleration = a = id
dt (t,—t) dt
a 2
If a = constant: v=yv, +at, x=xo+v0t+——2——, v2 —v2 =2a(x-x,)

2

. . v . .
Centripetal Acceleration: a, =—; directed toward center of circle
r

Newton’s Law and Forces:

F=ma (ord= % )  Kinetic Friction: F, = 4N Static Eﬁction: F,<puN
Force of gravity: F =mg, where g=9.8 m/s?; (Near earth, pointed downj
MM
F= —G—r‘Ti , general case (attractive)
Work and Energy:
W =Fx=F-F= - [F-d —p=adW/ —F.3
Work =W =Fx=F I"——FI‘COSQ—IF dr Power =P = AI—FV

KineticEnergy = KE = mv% PotentialEnergy = PE Near earth APE = Amgh
Spring: F=-kx, PE= kx%

Work and Conservation of Energy

Work 4, + PE, + KE, =Work,,, + PE, + KE,
If no work added or lost then: PE, + KE, = PE, + KE,

Momentum:
= = d]7 . D — p
P =my F=%/, If no external forces; ZE ZP. .

Rotational Kinematics:

o=, a=%

Rotational Dynamics:

I=Zmr2 = Irzdm, r=rFsin@, r=Ia,
KE=10"/ L=1Iw=mvr

Conservation of Angular Momentum: If external torque = 0 then L; = L
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PHYSICS 008

Sixth Quiz
November 4, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the reverse side of this sheet.

1. A hoop (I =MR?) is rolling without slipping on a horizontal surface with a linear velocity of 6.0
meters per second. The mass of the hoop is 0.50 kilogram and its radius is 0.15 meter.
a) Determine the total kinetic energy of the rolling hoop. (4pzs)

KE=mue Tiw®
Z 2

2 2
:M; /ﬂfz‘gamu

6m/s
—

2
- (5)e) = 8T

2. A 0.80 meter-long handle is attached to the face of a pulley with a radius of 0.20 meter. When a force
F is applied at right angles to the handle it provides a torque of 120 m-N about the axis of the

cylinder.

a) Determine the magnitude of the force F. (3pzs)

//V’F—WS/A/A)/
/20 =7 (‘8)
F=/50N

W

A cord is wrapped around the cylinder and then is fastened to a hanging block of weight W. When the
handle exerts a torque of 120 m-N the block rises at constant velocity.

b) Determine the weight of the hanging block. (3pts)
- 0 /’(ﬁj//éo =)

wW'=rz20 = 120 5400/&/
— 2

o
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Name %41/?5

(Please Print)

PHYSICS 008

Seventh Quiz
November 20, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the reverse side of this sheet.

1. One end of a uniform beam of length 5.0 meters and weight 500 Newtons projects 3.0 meters beyond
the edge of a building.
Determine the minimum weight (W) of the object that must be placed on the other end of the beam
to keep it on the building. (5pts)

w

W (2) - 200 (5) 500 Building W

=0 v tR
W = 289 = (25N some FiedT * 1

2. A 0.20 meter by 0.20 meter by 0.20 meter cube of balsa wood (density = 200 kg/m3) is held beneath
the surface of a pool (water; density = 1000 kg/m3 ) by a cable fastened to the bottom of the pool.

Determine the tension in the cable. (5pts) surface of water

1 BF




Torque: 7 =rfsind
Statics: F=0, 7=0 Inpractice@D) £, =0, F, =0, T, = Te
Fluids:

Density (p) = Mass/Volume

Pressure (P) = Force/Area

Buoyant Force = Weight of displaced fluid

Continuity: Av, = Ay,

2

Bernoulli’s Equation: P+ E—;— + pgh = constant
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Name //ﬁ Lé‘JS

(Please Print)
PHYSICS 008

Eighth (Last!) Quiz
December 2, 2009

Please do all work on this sheet. Your score will depend both on the work you show and on the answers
you obtain. You may use a calculator and the information on the formula sheet.

A 5-kilogram block, moving with a velocity of 12 meters per second on a horizontal frictionless surface,
strikes a second block, of mass 15 kilograms, which is at rest. The second block is fastened to one end of
a spring, with elastic constant k = 1500 Newtons per meter, that is initially neither stretched nor com-
pressed. After the collision the 5-kilogram block is at rest, while the 15-kilogram block moves to the
right and compresses the spring.

k = 1500N/m

other end of spring
Skgl———» 12m/s 15kg fastened to wall

a) Determine the velocity of the 15-kilogram block immediétely after the collision. (3pts)
R =17 Erfepcy —2
‘ Z By Weone —/
7 ) - /5)7) benron BY Weo .
=4 M/§

b) Determine the maximum compression of the spring (4pts)

KE = &/
s5t4) - 152K
2

Z- 2
2-: L/ /)(’;—-"“A/ ¢O#M

2

After compressing the spring the 15-kilogram block returns to its original position and strikes the
5-kilogram block.

¢) Determine the time between the first and second collisions. (3pts)

7= /10 A(Zr)() =2

/\
7zl

e 1:/‘"_/\}

ya

e

1=, 37 5EC
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Name %ﬁ C‘;', 5 (please print)

20pts

20pts

20pts

20pts

TOTAL
80pts

Physics 008

First Examination
October 7, 2009

Please show all work on these sheets. Your grade will depend both on your answers and on the work
you do to get those answers. If you need more space use the back of these sheets. You may use a
calculator and the information on the "formula" sheet. NOTE: You may use “g” = 10.0 m/s* (instead
of 9.8 m/s® ) in any case where it is convenient for you.

* Problem 4 (c) may present a challenge. You should not devote a great deal of t1me to it
until you are satisfied with your work on the rest of the examination.



1.

A water balloon is launched from the edge of a building that is 60 meters high. The initial velocity of
the balloon is 25 m/s. The initial velocity of the balloon makes an angle of 53° to the horizontal.

a) Determine the maximum height of the balloon. (7pzs) 25 m/s

(h-20)R(E10) <O-(0)™
40O =20 : A; BO

O:ZO//Of Z":B

OF

(o))
DR I
=

b= 20-0 = 26 h-4p =20
’%2 Note: Not to scale

b) Determine the total time the balloon spends in the air. (Spts)

O =L0r20b-5275 £ -1
20545 A

— - (’f*é){z‘h@) = O

75 £aie: O =80¢ Ol )t s £=ésec
Tatal - #t2=E5

¢) Determine the horizontal distance between the base of the building and the spot at which the
balloon lands. (pts)

5V )-g0m Ao F3



2. A 20 kilogram block rests on a horizontal plane. The block is pushed by a force of 100 Newtons.
Determine the acceleration of the block when:

a) The force is horizontal and the surface is frictionless. 100N —————u3! 20kg

Hk = 0.0

(3pts)
A= /00 .’,5’0 V’/L
———"’20 S

b) The force is horizontal and the kinetic coefficient of friction (px) between the block and the plane is

0.15. (4pty) T N C/”O”) =200

ﬂ, /_O/Q_,_iﬁ 3«5*‘/ 100N — ] 20kg

7
f 30 M&

¢) The force makes an angle of 37° to the horizontal and the surface is frictionless. (4pzs)

R A =~

£0 20kg

/A/f'—;k =l0.15

Mk = 0.0

d) The force makes an angle of 37° to the horizontal and the kinetic coefficient of friction (fu)
between the block and the plane is 0.15. (9pts)
€ 100N r N

/;7 = u | 4z

N-GO-2s0 = O

e =0.15
=260 (/40 @ - 200

@ 50/// 50 39 A= Wj
" =zo§a/ d



3. A 20-kilogram block is free to move on a ramp that makes an angle of 30° to the horizontal. A cord
that is fastened to this block passes over a pulley and hence to a second 20-kilogram block that hangs

freely.

a) Show that in the absence of friction between the plane and the first block that the blocks will q -
accelerate at g/4 (2.45 m/s® or 2.5 m/s%, depending on what you chose to use for “g”). (8pis)

2170

However, the plane is not frictionless, and the blocks move with an acceleration of 2.0 m/s* when they
are released. In this case, determine: 7

b) The tension in the cord joining the two blocks. (4pts) , . 2 00»—7/

VLY

| S~
o £3) S TR

¢) The kinetic coefficignt of friction (). (8pts)

Jp0—o0 1/734 = 4O 117

/734 = 2€ ¥ K

-0/2
i ar 1734

160



4. A ferris wheel has a radius of 15 meters. When the wheel is moving with a velocity v the apparent
weight of a 50-kilogram passenger in a chair at the top is reduced to 400 Newtons.

a) Determine the velocity v of the ferris wheel. (7pss)

Ho

Hp0 =
-
500 ,
5’02} =joo U =20
5 Y =5 Em/s

b) Determine the apparent weight of this
same passenger when in a chair at the
bottom. (7pts)

N-500~ MU /0(7

Aé ’f_, A = @90/\/

¢) * Determine the apparent weight of the passenger when the passenger is in a chair that is half-way
up.__(gpts) . 2 +m
00 -
Mrmg = MU =00 N A / (3)
=3 4
2 Diacran (~4)

A ~fiefigns <51ou i

& =T gw oo =/3"  NY|"
20
N=mg CafO)



Name %Lé S5 (please print)

20pts

20pts

20pts

20pts

TOTAL
80pts

Physics 008

Second Examination
November 9, 2009

Please show all work on these sheets. Your grade will depend both on your answers and on the work
you do to get those answers. If you need more space use the back of these sheets. You may use a
calculator and the information on the "formula" sheet. NOTE: You may use “g” =10.0 m/s* (instead
of 9.8 m/s? ) in any case where it is convenient for you.



1.

A skier of mass 60 kilograms, initially at rest at the top of a frictionless hill of height h, skis to the
bottom of the hill. The skier’s velocity at the bottom is 25 meters per second.

a) Determine the height
of the hill. (10pts) \

= ﬂj‘g T 25m/s
n Zj 20 L [ Zomtes AR

irees

= 3,25 M

After the skier crosses a short level frictionless distance the skier crashes into a grove of small trees.
The skier is stopped by the trees after penetrating a distance of 15 meters into the grove of trees.

b) Determine the average force that the grove exerts on the skier as it stops the skier’s progress. (10pts)

m_QZ:FOP

2 A
muz‘: _41,0____——625) = /250A/
=0 R (5



2. A 20-kilogram block, moving with a velocity of 15 meters per second on a horizontal frictionless
surface, collides with a 50-kilogram block that is initially at rest. After the collision the 20-kilogram

block bounces backward with a velocity of 5 meters per second.

20 —>15m/s 50 Sm/s «— 20 50 p—>v

BEFORE AFTER

a) Determine the velocity v of the 50-kilogram block after the collision. (70pts)

400 =50V

- 8m

b) Determine the amount of kinetic energy that was lost in the collision. (70pts)

KE = 2005) = 22507
Z .z 2
e - 2005) ¢+ B2(8)
2 e
_ 250 % /600 =/ 850V

L 035 & 4/007



3. Tarzan, with a mass of 75 kilograms, grabs a vine of length 20 meters, which initially makes an angle
0, with the vertical. Tarzan swings down in a circle on the vine. His velocity at the bottom of the
swing is 10 meters per second.

a) Determine the angle 0, (10pts)

Vﬁ_g 2; Mjh (’] =___,7);Z'-'—'
2

20 —20c05/F =5
Gosﬂ/"’ 1/5:
2.0

#c 4//-‘/0

b) Determine the tension in the vine at the bottom of Tarzan’s swing. (10pts) " 10m/s
T 2 -
! 7-750 =75 z
= 00
w Z‘f__‘/“

20
" - 375
7= /650t375
=025 M



4. A very strong gardener using a lawn roller exerts a force of 600 Newtons along the handle of the roller.
The roller (a solid cylinder, I = MR?/2) has a mass of 100 kilograms and a radius of 0.40 meter. The
handle of the roller makes an angle of 37°to the horizontal. The roller rotates without slipping.

a) In the figure below indicate (with arrows and
and labels) all of the forces on the roller. (4pts)

b) Determine the acceleration of the roller. (10pts)
Ygo—F =000 = g
2
e 7K =ME & = MEA e

¢) Determine the minimum value of the coefficient of friction (p) that will ensure that the roller -

rotates without slipping. (6pzs)
- - 50{39 = r60K)
f =

-y N = (13L0



PHYSICS 008

Fall, 2009

Practice Examination No. 2

(With Solutions)



1. An object of mass 2.0 kilograms approaches a frictionless loop-the-loop with a radius of 15 meters and
goes up and around the loop. The normal force of the loop on the object, at the top of the loop, is

25 Newtons.

a) In the diagram, show (with labeled arrows)
the forces on the object when it is at the top
of the loop.

b) Determine the velocity of the object when it
is at the top of the loop.
F=ma=mv'/r
45=2/15

v=18.4 m/s

¢) Determine the velocity of the object when is
at the bottom of the loop.

U+ K;=Ur+K;
Mgh; + mv,-z/Z = mvf2/2
2(10)30 + 2(18.4)/2 = 2v°/2
v =230.6 m/s

d) Determine the normal force on the object when
it is half-way up the loop.

2(10)30 + 2(18.4)%/2 = 2(10)15 + 2022
v =637.5

N=mv’/r=2(637.5)/15=85N



2. Consider the following situation. A ball of mass 0.050 kilogram, moving with a velocity of 20 meters per
second, strikes a ball of mass 0.100 kilogram that is initially at rest. The collision is not directly head on.
The 0.050-kilogram ball bounces off at an angle of 53° to its original direction and the 0.100-kilogram
ball moves at an angle of 37° to that
direction. (Note: This collision is not elastic)

a) Determine the velocities of

V2
both balls after the collision. Q/'

Initially: P, =0.05(20) = 1kg-m/s, P, =0 h
Finally: Py =.10v;sin37°-.05v;sin53° \

P,.= 1=0.10v,c0os37° + 0.05v;c0s53°

Solve for vi =12 m/s, v;=8 m/s

b) Determine the amount of energy that was lost in the collision.

K;=.05(20)°/2=10J
Ky=.05(12)%/2 +.10(8)"/2 = 6.87

10— 6.8 =3.2J lost



3. A uniform beam of length 1.50 meter and mass 6.00 kjlograms is hinged at a wall and
held in a horizontal position by a cord that makes an/dngle of 5 3.0° to the horizontal.

a) Determine the tension in the wire and the horjZontal and vertical forces exerted on the beam by
the hinge.

60(.75) - T(1.5)(sin53°) =0 —
60N

T=375N

Fy=Tcos53° =22.5N

F,+ Tsin53° — 60 =0

F,=30N

The cord is cut, and the bar swings downward toward the wall.

b) Determine the initial (just after the cord is cut) angular acceleration of the beam.

. . . 2
(Note: The moment of inertia of a uniform beam rotating about an axis on one end is 7 = ML A )

T=60(75) =45
I=6(1.5/3=45

a=tvI=1 0/sec’

¢) Determine the angular velocity of the bar just before it hits the wall.
Ui =Ky
Mgh =I0’/2
60(.75) =4.50°/2

w’ =20, o=4.5kec



4 A block of mass 3.0 kilograms is at rest on a horizontal frictionless surface. A spring with an elastic
constant (k) of 1200 newtons per meter connects the mass to a wall. A second mass of 2.0 kilograms,
moving with a velocity of 15 meters per second, makes a head-on collision with the 3-kilogram block.
After the collision the 2.0-kilogram block is
at rest.

a) Determine the velocity k =1200n/m
of the 3-kilogram block 15m/s
immediately after the collision. 2 f—> 3

P,' = Pf
2(15) = 3v

v=10m/s

b) Determine the amount of energy that was lost in the collision.
K;=2(15)°/2=2257
Ky=3(10)"/2 = 150K

Lost=75J

After the collision the 3-kilogram block compresses the spring, stops, and returns to its
original position, where a second collision occurs.

¢) Determine the maximum compression of the spring.
K; (after collision) = 150J
Ur=kx’/2 = 600x°
K;=Us

x=.50m



1. A ball is thrown directly upward from the edge of a 25 meter high building with an initial velocity of
20 meters per second. On the way down the ball misses the edge of the building and falls to the
ground.

a) Determine the maximum height (above the ground) reached by the ball.
y=yo+ (¥ =v,)/2a

y=25+(0-20°/2(-10) =45 m

b) Determine the velocity of the ball when it hits the ground.

V= v,,2 +2a(y -y,)
v =207 + 2(-10)(0 - 25) = 900

y=-30 m/s

¢) Determine the total time the ball is in the air.
t=(v-vya

t = (-30-20)/(-10) = 5 sec.

A second ball, dropped from the edge of the building a short time later, hits the ground at the same
instant as the first ball.

d) Determine how much time elapsed between the throwing of the first ball and the dropping of the
second ball.

t, = time for second ball
Y=yot+ vzt at22/2

0 =25+ (0t + (-10)t/2: t2=5:  t,=224sec: At=2.76sec



2. A block of mass 20 kilograms rests on a horizontal surface. A force F accelerates the block. In each
case below determine the acceleration of the block.

a) The surface is frictionless and the force is 200 Newtons and horizontal.

a=10ms’ 20kg =——=p 200N

b= 0.0
b) The coefficient of kinetic friction (u) between the surface and the block is 0.60. The force is 200

Newtons and horizontal.

N=mg =200
a = (200-120)/20 = 4 m/s’ 4

o Y

Fr=pN =120 [«26kg ——p200N

me=0.60

Y mg =200

¢) The coefficient of kinetic friction () between the surface and the block is 0.60. The force is 200
Newtons and makes an angle of 37° to the horizontal.

N=mg-120=89 200 N
a = (160-48)/20 = 5.6 m/s’ 37°,1120
Fr=uN=48 “0kg | 160
w=0.60
v mg=200

d) The coefficient of kinetic friction () between the surface and the block is 0.60. The force is 400
Newtons and makes an angle of 37° to the horizontal.

400 N
N cannot be negative: No friction: 2 240
Flies into air! N =200-240=-404 37° N
1, = 320720 = 16 /s’ a, = (240-200)20 = 2m/s’ 20kg | 320
we={0.60
ym8= 200




3. A block of mass 15 kilograms slides on an inclined plane that makes an angle of 37° with the
horizontal. A cord passes from this block over a massless and frictionless pulley to a second block of
mass 20 kilograms. When the system is released the first block moves up along the plane with an
acceleration of 2.0 m/s?>. NOTE: Do not assume the plane is frictionless.

a) Determine the velocity of the first block after it has moved a distance of 3.0 meters along the plane.

V= v,,z + 2a(x-x,)

=0+2(2)3=12

v=23.46 m/s

b) Determine the tension in the cord joining the two blocks.

T T mg—T=ma

T=mg—ma
20kg a=2ms

= 200 - 2(20)

_=160N
mg = 200N

¢) Determine the coefficient of kinetic friction (i) between the first block and the plane.

N =mgcos37° =120 Fr=mN=120 py
T — mgsin37’ - Fy=ma

160 — 150(.6) — 120 ;= 15(2)

= (160 - 90 - 30)/120 = 0.33



4. A symmetric double star consists of two stars of equal mass in circular orbits about a point midway
between them. Consider a double-star system with two stars each of mass of 1.0 x 20*® kg (about the
mass of our own sun) separated by a distance of 3.0 x 10! meters.

a) Determine the attractive force between the two stars.

- =~

F=GM;MyR’; with R =3.0x10" R
= 6.67x10 " x(2.0x10°°)*/(3.0x10")? :

= 2.96x10°” Newtons

b) Determine the velocity of each star. *

-~ -
_______

F=Mv/r; withr=1.5xI 0" meters
2.96x10°7 = 2x10°° v¥/1.5x10" =
v =2.22x10°

v=1.49x10° m/s

¢) Determine the time it would take for each star make a complete circle around the point midway
between them.

T =2nrNv
=21 x 1.5%x10"/1.49x10"

= 6.33x10" seconds  (about 2 years)






