This Week & Final Exand

Final Exam: Monday 4:30 b 7:00 PM, G1B30. 40 guestions. You cal
bring a 2-page information sheet, 8.5x11, double-sided. Remember
to bring your own calculator. Students who need special
accommodations, please contact Prof. Scott Parker.!

To study for the Final Exam: !

I (1) Clicker questions on-line,! ! I  (2) CAPA questions, !!

I (3) Written homework questions,! !  (4) Our three mid-terms, !

' (5) Three mid-terms & Pnal from previous semester, !

I (6) AlysiaOs review.!!' | | (7) Re-read Giancoli: see web-site on coverag



CH. 8 Rotational Motion!

8.8 Angular momentum & its!
conservation!

CH. 9 Static Equilibrium!

9.1 The conditions for equilibrium!
9.2 Solving statics problems!

9.3 Muscles & joints!

9.4 Stability and balance!

CH. 10Fluids!

10.1 Phases of matter!

10.2 Density and specibc gravity!
10.3 Pressure in 3uids!

10.4 Atmospheric pressure!

10.5 PascalOs Principle!

10.6 Measurement of pressure!

10.7 Buoyancy & Archimedes Prinl!
10.8 Fluids in motion: Continuity Eqn!
10.9 BernoulliOs Egn!

10.10 Applications of BernoulliOs Eqgn!

New Material for Final Exam:!

CH. 11 &12Vibrations, Waves, & Sound!

! 11.1 Simple harmonic oscillator (SHO)!

! 11.3 SHO: period and sinusoidal nature!

' 11.4 Simple pendulum!

' 11.7 Wave motion!

| 11.8 Transverse & longitudinal waves!

! 11.11 RelRection & transmission of waves!
! 11.12 Wave interference!

| 11.13 Standing waves!

' 12.1 Characteristics of sound!

' 12.4 Vibrating strings & air columns!

CH. 13 & 14Temperature & Heat!

! 13.2! Temperature! ! ! ! ! !
! 13.4! Thermal expansion! ! ! !

! 13.7-8 Ideal Gas Law!

! 14.1 Heat as energy transfer!

|

|

14.3 Specibc heat!
14.4-5 Calorimetry & latent heat!



Ch. 13 & 14. Temperature and Heat!

1.!Temperature scales: Ch. 13-2!

[°F]1=1[°C] % 9/5 + 32 [°C] = ([°F] - 32) x 5/9
[K] =[°C] + 273.15 [°C] = [K] - 273.15

Temperature T = measure of energy per atom

2.! Thermal expansion: Ch. 13-4!

L="LT 'V ="VI'T " # P coeffs of linear & volumetric!
L=L,(1+"!'T) Vv=V,(1+"1T) expansion, characteristic of a material.!

3. Heat as energy transfer: Ch. 14-1 !

1 cal = heat to raise 1 g of@ by 1;C.!
Joule: Mechanical Equivalent of Heat: 4186 J = 1 kcal = 1 Cal!

Conduction, Convection, and Radiation.!



Ch. 13 & 14. Temperature and Heat!

4. Specibc heat, latent heat, & calorimetry !

Heat flowing into an object ! Object's mass & temperature change
Q=cm"'T

specibc heat B measuares a substanceOs resistance
to temperature change!

Conservation of energy problems: !
| heat lost by a one part of a system = heat gaimed by another part of the system!

" 0
T=T,+!T=T, +§%éb T vs Q, no phase changes!

Q=mL Heat needed to change phase!

Latent heat (fusion or vaporization) ® measures!
a substanceOs resistance to phase change!



Ch. 13 & 14. Temperature and Heat!

Temperature as a function of the heat added to bring 1.0 kg of ic
L, 40 iCto above 100 jC.!

\ Water and steam
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Ch. 13 & 14. Temperature and Heat!

Temperature as a function of the heat added to bring 1.0 kg of ic
-40iCto above 100 jC.!

120 A
100 +
O 80+ El
S 2
L 60 - =z
E g
g = Water and steam S
g 20 T >
= | Wftter. §
0 Water | (@l liquid)
-20 14,/ and
—40 = ice 1 1 1 1 1
0 20 100 200 300 400 500 600 700 740
Heat added (kcal)
> <€ >
heat of fusion = heat to heat of vaporization = heat to convert
convert 1 kg of solid to liquid 1 kg of liquid to vapor = ~540 kcal/kg

= ~80 kcal/kg

at!



Ch. 13 & 14. Temperature and Heat!

Example:How much energy does it take to heat
2 kg of water ice from -20 jC to 20 jC?!

Q=cm! T

113
T=T
O+#Cim§6Q
Q=mL




Ch. 13 & 14. Temperature and Heat!

Example:How much energy does it take to heat
2 kg of water ice from -20 jC to 20 jC?!

Q=cm! T

T =T +! L3
Q=mL

Heat from-20 o 0°C +Heat to malt theice + Heat from 0 o 20°C




O=cm!T

Ch. 13 & 14. Temperature and Heat!

11
TET e

Example:How much energy does it take to heat Q=mL

2 kg of water ice from -20 jC to 20 jC?!

Heat from-20 o 0 °C +Heat to melt theice + Heat from 0 o 20°C

qus’on

Clcemce! T t mce water t vaaier mNater! T



Q=cm! T
T:TO+(i)Q

cm

Ch. 13 & 14. Temperature and Heat!

Example:How much energy does it take to heat Q=mL

2 kg of water ice from -20 jC to 20 jC?!

Heat from-20 o 0 °C +Heat to melt theice + Heat from 0 o 20°C

qus’on

CICGmCGAT + mce water + vaaier mNater AT
(0.5kcal / kg°C)(2kg)(20°C) + (2kg)(80kcal / kg) + (1.0kcal / kg°C)(2kg)(20°C)



O=cm! T

Ch. 13 & 14. Temperature and Heat!

1 1
T T 6

Example:How much energy does it take to heat Q=mL

2 kg of water ice from -20 jC to 20 jC?!

Heat from -20 o 0 °C +Heat to melt theice + Heat from 0 o 20°C

qus’ on

CICGmCE! T + mce water + C\Nater mNater! T
(0.5kcal / kg°C)(2kg)(20°C) + (2kg)(80kcal / kg) + (1.0kcal / kg°C)(2kg)(20°C)

20kcal + 160kcal + 40kcal



Q=cm! T

Ch. 13 & 14. Temperature and Heat!

1 1
T T 6

Example:How much energy does it take to heat Q=mL

2 kg of water ice from -20 jC to 20 jC?!

Heat from-20 o 0 °C +Heat to melt theice + Heat from 0 o 20°C

CeMeo! T + Ml + CpaeMyae! T
(0.5kcal / kg°C)(2kg)(20°C) + (2kg)(80kcal / kg) + (1.0kcal / kg°C)(2kg)(20°C)
20kcal + 160kcal + 40kcal

230



CH. 11 &12Vibrations, Waves, & Soun

!

Simple Harmonic Oscillator

§ range of motion
~—— F=_kx=ma (HookeOs Law)!
- 4, = ( )
N I
I= - ;‘_:OA‘ v| = max
_P_1 ]k PE = max PE 2_111111

f=—= ) KE = max

2" 2"\m KE = min F|=0
T:E:Z" m F| = max al =0

f K a| = max

E,=#mv?+#kx?=#kA?(Cons of E)!

Example: Pendulum ' :\f%

I 1 (g

fz=ee=— 12

2" 2" \L
1_,. \ﬁ

f g
Interpret plots of displacement, velocity,
and acceleration. Amplitude & period.

T=

Waves

Transverse & longitudinal.

/
—=1f!
T

Standing waves on strings:
!l modes of oscillation
fundamental mode (n=1)
overtones (n=2,3,4,...)

f,=v/" =nv/2L = nf"



Ch. 10 Fluids!

P=1/gh
PascalOs! A $
Principle! Four = #X—ZVT%EN

ArchimedesO! K = =m,..0=/ ..V

Principle!
= . o) b | Vdisplaced p object
oating Object! =
Vobject pﬂuid
Continuity Equation! AV, = AV, or

Hydrostatic Pressure Equation!

The buoyant force equals the !
weight of the Ruid displaced.!

FAVE= 1A,

1 1 , .~ .
pay, + E,ov1 + P, = pgy, + Epv2 + P,  BernoulliOs Equation!



Ch. 9 Statics and Static Equilibrium!

Static Equilibrium An object is !

(1) not translating (not moving up, down, left, right)!
I (2) not rotating (not spinning CW or CCW).!

Not t lati | - iFi (net force Is ZeI’O)!
ot translating !

| =1 F,=0| (each component of the
' net force is zero)!

Not rotating:! | /., =0=" 1. (net torque Is zero)!




Ch. 9 Statics and Static Equilibrium!

Three types of equilibrium:! Stability and Balance!
(1)!'Stable!
(2)'Unstable! —
(3)!Neutral!
CG
ya
(a)

Copyright © 2005 Pearson Prentice Hall, Inc.
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CH. 6Work and Energy!

For Mid-Term Exam lll:!

6.1 Work done by a constant force!
6.3 Kinetic Energy and Work-Energy Prinl.!
6.4 Potential energy

6.5 Conservative and non-conservative forces! CH. 8 Rotational Motion!

6.6. Mechanical energy (M.E.) & its conservation!
6.7 Problem solving using conservation of M.E.|
6.8 Other forms of energy, energy transformation,!
I Conservation of Energy (C.E.) |
6.9 C.E. with dissipative forces! :
6.10Power |

!

!

CH. 7Linear Momentum!

7.1 Momentum & its relation to force!
7.2 Conservation of Momentum (C.M.)!
7.3 Collisions &mpulse"

7.4 Collisions: C.E. & C. M.!
7.5Elastic collisions in 1D!

7 .61Inelastic collisions

8.1 Angular quantities!

8.2 Constandngular acceleration
8.3 Rolling motion!

8.4 Torque!

8.5 Rotational dynamics (R.D.): !
| torque and rotational inertia
8.6 Solving problems in R.D.!
8.7 Rotatiorkinetic energy



Chapter 8: Rotations

Notice analogy between rotation about a fixed axis and 1D translation along the x-axis:

S AB A® . AX Av
e O(ads) = =, o=—, a=— (lkex v=—/—, a=—
I At At At At
® V=T@® ., Q. = I'd
e torque |‘L'| =1-F
e momentofinertia I = Z m, 1;2

¢ T,o=1-a (likeF,s=ma)
o KE . ion = (12)I 0>  (like KE,,. = (1/2) m v°)

. . 1 1.,
e Rolling motion: KE; = KEans T KE ot = 5 mv> + 5 To~

100##1#"% 2% ('# x4 - -H&()(# )it



[4

Rotational Kinematics! Describing rotational motion!

Translation <> Rotation
X <> 0 angle of rotation (rads)
o A A v _ 2! .
S v= —— <> O=—=—=—2=2If angular velocity (rad/s)
2 At At 1
»
A A
S a=£ <> a=22 = ac angular acceleration (rad/s?)
At At r
> F <> t=1F, torque (N m)
g M < I=Ymr? moment of inertia (kg m>2)
= F...=Ma < Tpet =1 O Newton’s 2" Law
KE e = (12M v < KE..=(1/2)I &’ Kinetic Energy (joules J)

| KE+! PE=congant <« ! KE,.+!KE,+!PE=condant  Wednesday!
(Conservation of Mechanical Energy)

P =] mv =condant < L. =1 I.". =congant Friday!



Remember: to solve any before/after problem, try conservation of energy or
conservation of momentum or conservation of angular momentum. Energy or
momentum conserved 1f system 1s 1solated.

e Conservation of linear momentum useful for collision problems, even if thermal
energy 1s generated. Momentum 1s conserved regardless of whether collision 1s
elastic or 1nelastic.

e Conservation of mechanical energy (KE + PE ) useful only if no sliding friction

or inelastic collisions, so no thermal energy generated.

100##1#"% 2% ('# *y - [-H&()(# &(#



Chapter 7: Momentum
e (Conservation of momentum: for system isolated from outside forces,

ﬁtot = m1{';1 + mp_{""z = constant
e Impulse =Ap =F _ - At

ne

e elastic vs. inelastic collisions. KE is conserved only 1n perfectly elastic collisions.

100##1#"% 2% ('# x4 - -H&()(# &)



Chapter 6: Work and Energy

work done by force F: W, =F -d , work can be (+), (-), or zero
work-energy principle: W, = AKE

If no thermal energy generated, E.... = KE +PE = constant

If thermal energy generated, KE + PE + Eemmar = constant
Hooke's Law: Fq,ine = —k X (kK = spring constant)
PE,.. = mgh PE.asic = (1/2) k X’

AW
At

Power P =

100##1#"% 2% ('# x4 - -H&()(# &&H



For Mid-Term Exam ;]

Recall OKinematical EquationsO for 1D motion.!

Ch. 3: Kinematics in 2D

3-4. Adding Vectors by Components!
3-5 & 3-6. Projectile Motion & Solving !

Problems!

Ch. 4: Newton’s Laws of Motion
4-2. First Law!

4-3. Mass!

4-4. Second Law!

4-5. Third Law!

4-6. Weight & the Normal Force!

Ch. 5: Circular Motion; Gravity!

5-1. Kinematics of Uniform Circular Motion!
5-2. Dynamics of Uniform Circular Motion!
5-6. NewtonOs Law of Universal Gravitation!
5-7. Gravity Near EarthOs Surface!

5-8. Satellites and OWeightlessnessO!

4-7.Solving Problems & Free-Body 5-9. KeplerOs Laws and NewtonOs Synthesis

Diagrams
4-8. Friction & Inclines



Chapter 5: Circular Motion with Gravity

For circular motion with constant speed v,

p)
_ \
a = [a] = —
I .
a and E_ are toward the center (centripetal)
\Y
Gravity
m, m, m 885)
F = G— ' F F
I O—
| :
< L »

distance measured from centers



Acceleration due to gravity

E

net

GMm GM
——— =g = g =
I I

= 11a

1 = distance to center of planet

Orbits, Kepler's laws

Planet
mass M

<4—e
mass m,
1n free-fall




Chapter 4: Newton's Laws

F. =F +F + E+.=YF

—_—

=0 J— Vv = constant

-
(1]
-t

1

NI
NII: F_ =ma

NIII FAB — _FBA FAB FBA

O

Force and motion problems:  Friction f
1) Free-body diagram o sliding friction: f=pgN
2) Coordinate system e static friction: 0 < f < f =pus N

3) ZPX = ma_ , ZF}, = ma,



Chapter 3: Motion in 2D

_  Av - - -

e a=— ., V,tAv=yv,
At

e Projectile Motion

treat x- and y-motions independently
a, =0 = v,=constant
ay=—g = Vy=V—gt,efc

Vy

3




For Mid-Term Exam I:!

CH. 2 Kinematics in 1D

2.1 Reference frames and displacement!
2.2 Average velocity!

2.3 Instantanteous velocity!

2.4 Acceleration!

2.5 Motion at constant acceleration

2.6 Solving problems!

2.7 Falling objects!

2.8 Graphical analysis of linear motion

CH. 3 Kinematics in 2D: Vectors

3.1 Vectors and scalars!

3.2 Addition of vectors graphically!

3.3 Vector subtraction and multiplication by a scalar!
3.4 Adding vectors by components!

3.5 Projectile motion

3.6 Solving problems!



For Mid-Term Exam I:!

Motion in 1D!

e Constant acceleration (a = const) in 1D:
(a) vV =v_ -+ at
b)) x=x,+ v, t+ (1/2)at’
(c) vi = v’ + 2a(x—x,)

V,+V

@ V= e




For Mid-Term Exam I:!

Motion in 1D!
e graphing: xvs.t, vvs.t,avs.t
AX .
e v = — = slope ofa graphofxvs.t
At
Av .
e a = AL = slope of graph of v vs. t

e average vs. Instantaneous value of velocity, acceleration

e '"acceleration 1s not velocity, ...."

Finally: algebra, trigonometry, unit conversion.!




1. Vectors Q and R have the same magnitude. If vector Q 1s in the +x direction and vector R 1s
in the —y direction, what 1s the direction of vector T = Q — R?

A B E) None of these
NS
v N\

D C

IS Y08 Yo (H IO v



1. Vectors Q and R have the same magnitude. If vector Q 1s in the +x direction and vector R 1s
in the —y direction, what 1s the direction of vector T = Q — R?

A B E) None of these
NS
v N\

D C

Answer: upper right

"HHSH Y& Yo (# *+,- - #&()(# Ve



2. You know the acceleration of a particle at all times. What do you know about the direction of
the velocity of the particle?

A: You know nothing about the direction of the velocity.

B: You know that the direction of the velocity is either parallel to, anti-parallel to, or at right
angles to the direction of the acceleration.

"HHSH Y& Yo (‘# *+,- [-H#H&()(# vos



2. You know the acceleration of a particle at all times. What do you know about the direction of
the velocity of the particle?

A: You know nothing about the direction of the velocity.

B: You know that the direction of the velocity is either parallel to, anti-parallel to, or at right
angles to the direction of the acceleration.

Answer: You know nothing about the direction of the velocity. Knowing the direction of the rate
of change of velocity (the acceleration) tells you nothing at all about the direction of the velocity.
Velocity 1s not acceleration; acceleration 1s not velocity.

" S V0& Vo' x4 - -H&()(# 0"#



3. A simple pendulum is swinging back and forth. What 1s the direction of the acceleration of
the pendulum mass at the moment when 1t is at maximum displacement to the right?

A: zero
B
A
D vC
E) None of these

"HHSH Y& Yo (‘# *+,- [-H#H&()(# vs



3. A simple pendulum is swinging back and forth. What 1s the direction of the acceleration of
the pendulum mass at the moment when 1t is at maximum displacement to the right?

A: zero
B
A
D vC
E) None of these

Answer: Lower left. The acceleration 1s in the same direction as Av=v, —v,, where v; 1s the

velocity just before the mass stops and v; 1s the velocity just after it stops.

" HHSH " %0&' Yo ('H#

4 - -H&()(# 024



/

A computer monitor 1s thrown upward. It rises to a height h and falls back down to Earth. During
the flight, the work done by the force of gravity is...

A: mgh B: 2mgh C: zeroD: -mgh E: -2mgh

" S V0& Vo' x4 - -H&()(# 0:#



/

A computer monitor 1s thrown upward. It rises to a height h and falls back down to Earth. During
the flight, the work done by the force of gravity is...

A: mgh B: 2mgh C: zeroD: -mgh E: -2mgh

Answer: Work done by gravity 1s zero. (Work is negative on the way up, positive on the way
down.)

" S H Y& Vo (‘H x4 - [HE&()(# 0:#



/

A computer monitor 1s thrown upward. It rises to a height h and falls back down to Earth. During
the flight, the work done by the force of gravity is...

A: mgh B: 2mgh C: zeroD: -mgh E: -2mgh

Answer: Work done by gravity 1s zero. (Work is negative on the way up, positive on the way
down.)

During the flight, the work done by the drag force of air resistance is..
A: zero B: positive C: negative
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/

A computer monitor 1s thrown upward. It rises to a height h and falls back down to Earth. During
the flight, the work done by the force of gravity is...

A: mgh B: 2mgh C: zeroD: -mgh E: -2mgh

Answer: Work done by gravity 1s zero. (Work is negative on the way up, positive on the way
down.)

During the flight, the work done by the drag force of air resistance is..
A: zero B: positive C: negative

Answer: Negative. The drag force 1s always in the direction opposite the displacement, so the
work done is always negative, both on the way up and on the way down.

" S H Y& Vo (‘H x4 - [HE&()(# "(#



5. A Cadillac and a Volkswagen have a head-on collision and stick to together in a mangled pile
of metal. The police determine that the wreckage 1s in the exact same spot where the two cars
collided. Detective O'Newton (who got an A in Physics 2010) writes 1n his report that, just prior
to the collision, the two cars had the same...

A: magnitude of momentum. B: kinetic energy C: mass. D: speed.

" HHSH 08 Yo ('H 4 - -H&()(# "V



5. A Cadillac and a Volkswagen have a head-on collision and stick to together in a mangled pile
of metal. The police determine that the wreckage 1s in the exact same spot where the two cars
collided. Detective O'Newton (who got an A in Physics 2010) writes 1n his report that, just prior
to the collision, the two cars had the same...

A: magnitude of momentum. B: kinetic energy C: mass. D: speed.

Answer: Momentum
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5. A Cadillac and a Volkswagen have a head-on collision and stick to together in a mangled pile
of metal. The police determine that the wreckage 1s in the exact same spot where the two cars
collided. Detective O'Newton (who got an A in Physics 2010) writes 1n his report that, just prior
to the collision, the two cars had the same...

A: magnitude of momentum. B: kinetic energy C: mass. D: speed.

Answer: Momentum

Which car had the larger speed?
A: Cadillac B: Volkswagen

" S H Y& Vo (‘H x4 - [HE&()(# "O#



5. A Cadillac and a Volkswagen have a head-on collision and stick to together in a mangled pile
of metal. The police determine that the wreckage 1s in the exact same spot where the two cars
collided. Detective O'Newton (who got an A in Physics 2010) writes 1n his report that, just prior
to the collision, the two cars had the same...

A: magnitude of momentum. B: kinetic energy C: mass. D: speed.

Answer: Momentum

Which car had the larger speed?
A: Cadillac B: Volkswagen

Answer: Volkswagen

" S H Y& Vo (‘H x4 - [HE&()(# g



6. Schwinn decides to redesign 1ts model X-2000 28-speed "Road Warrior" bike ($129.95). The
rims of the wheels are made lighter but more weight i1s added to the frame so the total weight of

the bike remains unchanged.
Compared to the old bike, when the new bike is moving at a given speed, its total kinetic energy

1S..
A: less. B: greater C: the same.
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6. Schwinn decides to redesign its model X-2000 28-speed "Road Warrior" bike ($129.95). The
rims of the wheels are made lighter but more weight i1s added to the frame so the total weight of
the bike remains unchanged.

Compared to the old bike, when the new bike is moving at a given speed, its total kinetic energy
1S..

A: less. B: greater C: the same.

Answer: less (same translation KE, but smaller rotational KE in the wheels)
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6. Schwinn decides to redesign its model X-2000 28-speed "Road Warrior" bike ($129.95). The
rims of the wheels are made lighter but more weight i1s added to the frame so the total weight of

the bike remains unchanged.

Compared to the old bike, when the new bike is moving at a given speed, its total kinetic energy
1S..

A: less. B: greater C: the same.

Answer: less (same translation KE, but smaller rotational KE in the wheels)

Compared to the old bike, when the new bike 1s accelerated from rest up to a given speed, does
the rider have to work less. more, or the same?
A less. B: greater C: the same.
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6. Schwinn decides to redesign its model X-2000 28-speed "Road Warrior" bike ($129.95). The
rims of the wheels are made lighter but more weight i1s added to the frame so the total weight of
the bike remains unchanged.

Compared to the old bike, when the new bike is moving at a given speed, its total kinetic energy
1S..

A: less. B: greater C: the same.

Answer: less (same translation KE, but smaller rotational KE in the wheels)

Compared to the old bike, when the new bike 1s accelerated from rest up to a given speed, does
the rider have to work less. more, or the same?
A less. B: greater C: the same.

Answer: less. Work done by rider went into increasing the KE. KE;y = KE 20 tKE; . In the
two cases, we have the same KEan = (1/2)Mv2, but the KE,.; of the wheels 1s less with the new

bike.

" S H Y& Vo (‘H x4 - -H&()(# "4t



7. A distraught student standing at the edge of a cliff
throws one calculator straight up and another calculator
straight down at the same 1nitial speed. Neglecting air
resistance, the one which hits the ground with the greatest
speed 1s the one thrown ...

A: upward. B: downward.
C: neither—they both hit at the same speed.

S Y08 Yo 4 -H&()(#
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7. A distraught student standing at the edge of a cliff
throws one calculator straight up and another calculator

A

straight down at the same 1nitial speed. Neglecting air
resistance, the one which hits the ground with the greatest
speed 1s the one thrown ...

A: upward. B: downward.
C: neither—they both hit at the same speed.

Answer: They both hit at the same speed, by conservation of energy.
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7. A distraught student standing at the edge of a cliff
throws one calculator straight up and another calculator
straight down at the same 1nitial speed. Neglecting air
resistance, the one which hits the ground with the greatest
speed 1s the one thrown ...

A

A: upward. B: downward.
C: neither—they both hit at the same speed.

Answer: They both hit at the same speed, by conservation of energy.

Same question, but now do not neglect air resistance. The calculator which hits with the greatest
speed 1s the one thrown..

A: upward. B: downward.
C: neither—they both hit at the same speed.
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7. A distraught student standing at the edge of a cliff
throws one calculator straight up and another calculator
straight down at the same 1nitial speed. Neglecting air
resistance, the one which hits the ground with the greatest
speed 1s the one thrown ...

A

A: upward. B: downward.
C: neither—they both hit at the same speed.

Answer: They both hit at the same speed, by conservation of energy.

Same question, but now do not neglect air resistance. The calculator which hits with the greatest
speed 1s the one thrown..

A: upward. B: downward.
C: neither—they both hit at the same speed.

Answer: downward
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8. A flaming physics text 1s dropped from an airplane ] Vo
flying at height h at constant horizontal velocity and
speed v,. Neglecting air resistance, the text will...

A: quickly lag behind the plane

B: remain vertically under the plane

C: move ahead of the plane

D: 1t depends how fast the plane 1s flying.

"HHSH Y& Yo (‘# *+,- [-H#H&()(# 07



8. A flaming physics text 1s dropped from an airplane
flying at height h at constant horizontal velocity and
speed v,. Neglecting air resistance, the text will...

A: quickly lag behind the plane

B: remain vertically under the plane

C: move ahead of the plane

D: 1t depends how fast the plane 1s flying.

Answer: text remains under the plane. vy = v, = constant.
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8. A flaming physics text 1s dropped from an airplane

flying at height h at constant horizontal velocity and h
speed v,. Neglecting air resistance, the text will...

A: quickly lag behind the plane

B: remain vertically under the plane

C: move ahead of the plane

D: 1t depends how fast the plane 1s flying.

Answer: text remains under the plane. vy, = v, = constant.
What 1s the speed with which the text hits the ground?

A: vy +4/2gh B: /v, +2gh C: Neither

[Hint: For 1D motion along Y: v* = vy + 2ay (y-yo)-]
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8. A flaming physics text 1s dropped from an airplane [] Vo
flying at height h at constant horizontal velocity and
speed v,. Neglecting air resistance, the text will...

A: quickly lag behind the plane

B: remain vertically under the plane

C: move ahead of the plane

D: 1t depends how fast the plane 1s flying.

Answer: text remains under the plane. vy = v, = constant.

What 1s the speed with which the text hits the ground?

A: vy +4/2gh B: /v, +2gh C: Neither

[Hint: For 1D motion along Y: v* = vy + 2ay (y-yo)-]

Answer: Neither. Correct answer 1s speed =, / Vi + vi, = ,/Vg +2gh .
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9. Consider an exhausted physics student standing in an elevator that 1s moving upward with
constant velocity. The upward normal force N exerted by the elevator floor on the student 1s

A: larger than B: identical to C: smaller than

the weight mg of the person.
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9. Consider an exhausted physics student standing in an elevator that 1s moving upward with
constant velocity. The upward normal force N exerted by the elevator floor on the student is

A: larger than B: identical to C: smaller than

the weight mg of the person.

Answer: identical. The net force is zero, since the velocity is constant.
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10. A student attempting to make her 9™ pot of coffee is so shaky she
drops the coffee filter. The coffee filter floats gently downward, at some
constant ("terminal") velocity v.

The net force on the coffee filter is

A: Upwards l

B: Downwards

C: Zero. v=constant
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10. A student attempting to make her 9™ pot of coffee is so shaky she
drops the coffee filter. The coffee filter floats gently downward, at some
constant ("terminal") velocity v.

The net force on the coffee filter is

A: Upwards

B: Downwards

C: Zero. v=constant

Answer: Zero. Since the velocity 1s constant.
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11. A relieved physics student driving away from CU on Dec. 20 wishes to cause her car to
accelerate. How many controls in an ordinary car are specifically designed and intended to

accelerate the vehicle?

A: one B: two C: three D: more than three
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11. A relieved physics student driving away from CU on Dec. 20 wishes to cause her car to
accelerate. How many controls in an ordinary car are specifically designed and intended to

accelerate the vehicle?

A: one B: two C: three D: more than three

Answer: I can think of three, but maybe more than three: The accelerator pedal, the brake, and
the steering wheel. Possibly, also the clutch. ( Some people use the clutch to slow the car.)
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12. At some instant in time, two asteroids in deep
space are a distance r = 20 km apart. Asteroid 2 has 10
times the mass of asteroid 1. What is the ratio of their
resulting acceleration (due to the gravitational
attraction between them)?

aj/a)= A: 10 B: 1/10 C:1

D: None of these/don't know
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12. At some instant in time, two asteroids in deep
space are a distance r = 20 km apart. Asteroid 2 has 10
times the mass of asteroid 1. What is the ratio of their
resulting acceleration (due to the gravitational

attraction between them)? m;
m,
a;/a)= A: 10 B:1/10 C:1
D: None of these/don't know
Answer: 10
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12. At some instant in time, two asteroids in deep
space are a distance r = 20 km apart. Asteroid 2 has 10

times the mass of asteroid 1. What is the ratio of their @_;

resulting acceleration (due to the gravitational
attraction between them)? m,

aj/a)= A: 10 B: 1/10 C:1

D: None of these/don't know

Answer: 10

This 1s a problem with constant acceleration, so we can use the constant acceleration formulas.
A: True B: False
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12. At some instant in time, two asteroids in deep

space are a distance r = 20 km apart. Asteroid 2 has 10
times the mass of asteroid 1. What is the ratio of their ®_>

resulting acceleration (due to the gravitational
attraction between them)? m;

ai/a= A: 10 B: 1/10 C:1

D: None of these/don't know

Answer: 10

This 1s a problem with constant acceleration, so we can use the constant acceleration formulas.
A: True B: False

False: As they get closer, the force of gravity increases and so does the acceleration
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13. An unhappy student works out his aggression by attempting to knock down a large wooden
bowling pin by throwing balls at 1t. The student has two balls of equal size and mass, one made
of rubber and the other of putty. The rubber ball bounces back, while the ball of putty sticks to

the pin. Which ball 1s most likely to topple the bowling pin?

A the rubber ball B: the ball of putty
C: makes no difference D: need more information
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13. An unhappy student works out his aggression by attempting to knock down a large wooden
bowling pin by throwing balls at 1t. The student has two balls of equal size and mass, one made
of rubber and the other of putty. The rubber ball bounces back, while the ball of putty sticks to

the pin. Which ball 1s most likely to topple the bowling pin?

A the rubber ball B: the ball of putty
C: makes no difference D: need more information

Answer: the rubber ball. F = Ap/At. For the rubber ball Ap=2mv, while for the putty, Ap=mv.
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14. Suppose a little calculator and a big physics text are sliding toward you on a frictionless air
table. Both have the same momentum, and you exert the same force to stop each. How do the

time intervals to stop them compare?
A: Tt takes less time to stop the little calculator.

B: Both take the same time.
C: It takes more time to stop the little calculator.
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14. Suppose a little calculator and a big physics text are sliding toward you on a frictionless air
table. Both have the same momentum, and you exert the same force to stop each. How do the

time intervals to stop them compare?

A: Tt takes less time to stop the little calculator.
B: Both take the same time.
C: It takes more time to stop the little calculator.

Answer: F = Ap/At. Same F, same Ap for each object, so At must be the same.
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14. Suppose a little calculator and a big physics text are sliding toward you on a frictionless air
table. Both have the same momentum, and you exert the same force to stop each. How do the
time intervals to stop them compare?

A: Tt takes less time to stop the little calculator.
B: Both take the same time.
C: It takes more time to stop the little calculator.

Answer: F = Ap/At. Same F, same Ap for each object, so At must be the same.

Which object travels further while slowing down?
A the little calculator.

B: both travel the same distance.

C: the big physics text.
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14. Suppose a little calculator and a big physics text are sliding toward you on a frictionless air
table. Both have the same momentum, and you exert the same force to stop each. How do the
time intervals to stop them compare?

A: Tt takes less time to stop the little calculator.

B: Both take the same time.
C: It takes more time to stop the little calculator.

Answer: F = Ap/At. Same F, same Ap for each object, so At must be the same.

Which object travels further while slowing down?
A the little calculator.

B: both travel the same distance.

C: the big physics text.

Answer: The little calculator. The momenta of the two objects were identical before slowing,
and p = mv, so the little calculator must have been going really fast to have the same momentum
as the big physics text. Since the two objects slowed to a stop in the same time, the distance
traveled 1s greater for the faster ball.
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15. Consider a light rotating rod with 4 point
masses attached to it at distances 2 and 4, as
shown. The axis of rotation 1s thru the center
of the rod, perpendicular to its length. The 4
masses are moved to new positions so that all
masses are now 3 units from the axis. Did
the moment of nertia I
A:increase  B: decrease

same

" HHSH " %0&' Yo ('H#
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15. Consider a light rotating rod with 4 point

masses attached to it at distances 2 and 4, as O O

®

O

shown. The axis of rotation 1s thru the center
of the rod, perpendicular to its length. The 4
masses are moved to new positions so that all
masses are now 3 units from the axis. Did
the moment of inertia I

.

N

v

A:increase  B: decrease C:remain the 0

same

Answer: Decreases. 2°+4% =20 < 2(3%) =18
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16. Two wheels initially at rest roll the same distance without slipping down identical inclined
planes starting from rest. Wheel B has twice the radius but the same mass as wheel A. All the
mass is concentrated in their rims, so that the rotational inertias are I = mR” . Which has more

translational kinetic energy when it gets to the bottom?

A: Wheel A B: Wheel B
C: The kinetic energies are the same.
D: need more information
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16. Two wheels initially at rest roll the same distance without slipping down identical inclined
planes starting from rest. Wheel B has twice the radius but the same mass as wheel A. All the
mass is concentrated in their rims, so that the rotational inertias are I = mR” . Which has more
translational kinetic energy when it gets to the bottom?

A: Wheel A B: Wheel B
C: The kinetic energies are the same.
D: need more information

Answer: The translational KE's are the same. For rolling motion,
KE,, =KE_ . +KE_, =1imv’ +1Io’ = (for a hoop)

tot trans

2

2 2V 2 2
Imvi+imR| — | =imv +imv’
P 3 R P P

For a rolling hoop, the total KE is always half translational, half rotational. The two hoops (big
R and small R) have the same mass m and the same total KE = mgh. The bigger I of the larger

hoop 1s compensated for by a smaller o.
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17. A physics text of mass m sits at rest on a wooden

board inclined at an angle 6 above a flaming hibachi.
The coefficient of static friction between the book and

the board 1s ;. How does the magnitude of the force of

m

weight mg of the box?

friction between the book and the board compare to the M
L LI

A:mg > Fgic
B: mg < Fgic
C: mg = Fgic
D: mg can be either greater than, less than, or equal to Fgi., depending on the size of L.
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17. A physics text of mass m sits at rest on a wooden

board inclined at an angle 6 above a flaming hibachi. -

The coefficient of static friction between the book and

the board 1s ;. How does the magnitude of the force of

friction between the book and the board compare to the M
L LI

weight mg of the box?

A:mg > Fgic
B: mg < Fgic
C: mg = Fgic
D: mg can be either greater than, less than, or equal to Fgi., depending on the size of L.

Answer: mg > Fg;. Draw the free-body diagram to see this. Also realize that Fg;. does NOT
equal uN. Fgic 18 less than or equal pN. It 1s only equal 1s the book 1s about to slip.
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