Physics
Name _________________________
Fall Semester Review Worksheet
Period _____

1: Kinematics—One Dimension
A.
Measurement (1-4 to 1-6)
1.
accuracy is measured by percent difference


%  = 100|mean – true|/true 

2.
precision is measured by percent deviation

%  = 100|trial – mean|/N(mean)
(N is number of trials)
B.
Data Analysis Using Graphs (2-8)

	y = k
	y = kx
	y = -kx
	y = kx2
	y = k/x

	
	
	
	[image: image35.png]v, = 0 at this point
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C.
Kinematics (2-1 to 2-7)
1.
displacement (distance): x = d = x – xo  (m)
2.
change in time: t = t – to (s) (usually to = 0 t = t)
3.
velocity (speed): vav = d/t (m/s)

4.
acceleration: a = (vt – vo)/t (m/s2)
a.
instantaneous velocity, vt, is velocity at time, t
special case: if vo = 0, then vt = 2vav
b.
falling objects

1.
all objects fall with the same constant acceleration.  (Galileo)

2.
g, at sea level is about 9.80 m/s2 

5.
positive and negative case

a.
direction can be "forward (+) or backward (–)

b.
velocity and displacement always have same sign

c.
acceleration can have different sign

1.
v  and a : speeds up

2.
v  and a : speeds up 

6.
solving kinematics problems

a.
constant motion (a = 0)

	· draw diagram

· complete chart with two numbers and one letter

d
vav
t

· use the definition of average velocity: vav = d/t


b.
accelerated motion (a  0)
	· draw diagram

· complete chart with given information (three numbers and two letters)

d
vo
vt
a
t
· use the formula that contains numbers + letter of unknown, but is missing unused letter

Unused Letter
Formula
a

d = ½(vo + vt)t
d

vt = vo + at
vt
d = vot + ½at2
t

vt2 = vo2 + 2ad



2: Kinematics—Two Dimension
A.
Vectors (3-1 to 3-4)

1.
displacement vs. distance

[image: image37.emf][image: image38.wmf]a.
walk 4 m east then 3 m west = 7 m distance, but 5 m displacement.

                                         5 m

                                                            3 m

[image: image39.wmf]
                                             4 m

b.
arrow symbolize d, v and a
1.
amount (magnitude)  arrow length
2.
direction is based on a x/y grid (N  S, E   W or backward   forward, up  down)
2.
vectors and scalars
a.
d, v, a have magnitude and direction  vectors 

b.
t, m, distance, speed have magnitude  scalars 
3.
addition of vectors—tail to tip method (use when vectors are parallel or perpendicular)

	· plot first vector on x/y grid (using scale and direction)

· start second vector at arrow head of first vector (using scale and direction), etc.

· connect tail of first vector with head of last vector = vector sum (resultant)


4.
addition of vectors—component method (use when angles are not 180o or 90o)

	· [image: image40.emf]draw vectors using tail to tip method where angles are measured from +x-axis (0o) going counterclockwise

[image: image41.wmf]                    90o
                                          B
                                               B
[image: image42.wmf][image: image43.wmf]        

                                    A
[image: image44.wmf]                           A                                       0o
· draw right triangles, where vector is hypotenuse
· calculate x-component: Ax = AcosA, Bx = BcosB
· calculate y-component: Ay = AsinA, By = BsinB 

         Ax + (-Bx) = Rx [image: image45.wmf][image: image46.wmf][image: image47.wmf][image: image48.wmf][image: image49.wmf][image: image50.wmf]          Bx= BcosB
                               B    By = BsinB
            R                                    

  Ay + By = Ry    [image: image51.wmf][image: image52.wmf]        

                       A            Ay = AsinA
[image: image53.wmf]               
                     Ax = AcosA
· calculate x-components of the resultant: Rx = Ax + Bx 

· calculate y-components of the resultant: Ry = Ay + By
· calculate magnitude of resultant: R = (Rx2 + Ry2)½  

· calculate direction of resultant: tanR = Ry/Rx 

(add 180o to R when Rx is negative)


5.
use vectors to determine relative velocity, example:  
[image: image54.wmf][image: image55.wmf][image: image56.wmf]vboat (boat with respect to water), vwater (water with respect to Earth) v = vboat + vwater (boat with respect to Earth)
river current      vboat                   vboat + vwater
[image: image57.wmf][image: image58.wmf]                                    vwater
B.
Projectile Motion (3-5 to 3-6)

1.
horizontal velocity is unaffected by gravity constant

2.
vertical velocity is immediately affected by the downward acceleration of gravity

3.
solving projectile motion problems

a.
general solution

	· determine vxo = vocos and vyo = vosin
· complete the "y" row in the data chart for all values in the vertical direction ( is negative)

· complete the "x" row in the data chart for all values in the horizontal direction (vxo = vx)

· time is the same for y and x directions

direction

d

vo
vt
a

t

y

dy
vyo
vyt
-10 m/s2
t

x

dx
vxo
· solve for unknown in the vertical direction with 
dy = vyot + ½gt2
vyt = vyo + gt
vyt2 = vyo2 + 2gdy
no vyt
no dy
no t
· solve for unknown in the x direction with dx = vxt


b.
projectile launched horizontally from height h
	· data chart

direction

d

vo
vt
a

t

y

-h
0
vyt
-10 m/s2
t

x

dx
vo = vxo
· solve for unknown in the vertical direction with 
h = ½gt2
vyt = gt
vyt2 = 2gh
· solve for unknown in the x direction with dx = vxt


[image: image59.wmf]c.
projectile launched at angle o from height 0

	· determine vxo = vocoso and vyo = vosino
· data chart—highest point

direction

d

vo
vt
a

t

y

dy
vyo
0
-10 m/s2
t

x

dx
vxo
· solve for unknown in the vertical direction with 
vyo = gt
0 = vyo2 + 2gdy
no dy
no t
· solve for unknown in the x direction with dx = vxt
· data chart—landing point

direction

d

vo
vt
a

t

y

0
vyo
-vyo
-10 m/s2
t

x

dx
vxo
· solve for unknown in the vertical direction with 

2vyo = gt
· solve for unknown in the x direction with dx = vxt


d.
projectile launched at angle o from height h
	· determine vxo = vocoso and vyo = vosino
· data chart—landing point

direction

d

vo
vt
a

t

y

dy
vyo
vyt
-10 m/s2
t

x

dx
vx
· solve for unknown in the vertical direction with 
dy = vyot + ½at2
vyt = vyo + at
vyt2 = vyo2 + 2ady
no vyt
no dy
no t
· solve for unknown in the x direction with dx = vxt


3: Forces—Dynamics

A.
Newton’s Laws of Motion (4-1 to 4-5)

1.
First Law (Galileo's law of Inertia): object remains at rest or uniform velocity in a straight line as long as no net force (Fnet) acts on it 

2.
Second Law: (Fnet = ma) 

a.
measured in newtons: 1 N = 1 kg•m/s

b.
Fnet  and v : v increases


Fnet  and v : v decreases


Fnet   and v : v turns in a circle

c.
impulse: J = Ft = mv
1.
mv is Newton's "quantity of motion"
2.
now called momentum, p = mv (kg•m/s)

3.
Third Law: action force on A generates an equal but opposite reaction force on B (FA = -FB)
B.
Types of Forces (4-6)

1.
push or pull (Fp)
a.
measured using a spring scale 

1.
spring force, Fs = kx
2.
k is the spring constant

b.
tension (Ft or T) can be used instead of Fp
2.
weight (Fg or W) is the force of attraction between the object and the Earth—gravity, Fg = mg
a.
g = 9.80 m/s2 (negative sign is not included)

b.
directed down to the Earth’s center 

3.
normal force (Fn or N) is the force that the surface exerts on an object to support its weight

a.
perpendicular away from the surface

b.
not calculated in isolation, but is determined by other perpendicular forces so that F = 0

4.
friction (Ff) is parallel to surface and opposes motion

a.
when moving: Ff kFn 

(k = kinetic coefficient of friction)

b.
when stationary: Ff is part of F|| = 0, but cannot exceed Ff  sFn (s = static coefficient of friction) 
5.
free-body diagram

a.
diagram shows all forces acting on the system

b.
Fp/Ft: along direction of push or pull

c.
Ff: opposes motion and is || to surface

d.
Fg—toward Earth's center

e.
Fn— to surface

C.
Force Problems—Dynamics (4-7 to 4-9)  

1.
general set-up

	· draw a free body diagram
· resolve forces into || and  components to motion
· assign positive directions
· for perpendicular forces, up is positive

· for parallel forces, direction of velocity is positive

· two equations

· F = 0

· F|| = ma
· calculate d, v and t using kinematics


2.
horizontal surface
	[image: image60.wmf]                         Fp                             Fn[image: image61.emf][image: image62.wmf]
[image: image63.wmf]        Fp- = Fpsin 

                               Ff [image: image64.wmf][image: image65.wmf]
                      Fp-|| = Fpcos
[image: image66.wmf]
· Fn = Fg – Fp-                             Fg = mg

· Ff = Fn
· F|| = Fp-|| – Ff = ma (m is everything that moves)


3.
incline (moving up)
	[image: image67.wmf]                                Fn
[image: image68.wmf][image: image69.wmf]                                                       Fp
[image: image70.wmf]
[image: image71.wmf][image: image72.wmf]
                  Ff                           
                                               Fg- = Fgcos
   Fg= mg
                                               Fg-|| = Fgsin[image: image73.wmf][image: image74.wmf]
· Fn = Fg-                        
· Ff = Fn
· F|| = Fp – Ff – Fg-|| = ma (m is everything that moves)


4.
internal tension
	treat the system as one object
[image: image75.wmf]
               Ff                        Ft-1 =  Ft-2                           Fp


· Ft-1 = Ft-2 (third law)  cancel out
· F|| = Fp – Ff = ma (m is everything that moves)

a = (Fp – Ff)/(m1 + m2)

isolate one part
· Fp – Ft-2  = m2a (a is for the whole system)
· Ft-1 – Ff = m1a (a is for the whole system)


5.
pulleys
	treat the system as one object (m2 > m1)
· T1 = T2 (third law)  cancel out            +a           +a
· F|| = W2 – W1 = ma
· a = (m2 – m1)g/(m2 + m1)                        T1            T2
isolate one part                                             m1             m2
· W2 – T2 = m2a                                        W1           W2
· T1 – W1 = m1a


6.
vertical acceleration
	· Fn (platform) or Fp (rope, rocket) generates acceleration

· Fn/p – Fg = ma

· +a, apparent weight > normal

· –a, apparent weight < normal

· –a = g (weightless)


D.
Force Problems—Statics 

1.
one unknown 

	· draw a free body diagram
· resolve forces into || and  components to motion
· assign positive directions
· two equations

· F = 0

· F|| = 0

· calculate d, v and t using kinematics


2.
two unknowns

	L                              R
                             TL                       TR

                                Fg = mg

· Fy = TLsin(180 – L) + TRsin(R) + Fgsin(-90) = 0
· Fx = TLcos(180 – L) + TRcos(R) + Fgcos(-90) = 0
· solve for TL in terms of TR in the second equation and then substitute into the first equation

· special case (two of three forces are ) 

L
                                                    TL
                 Fg             TL
                                L                                          TR
                             TR                       Fg = mg

· sinL = Fg/TL
· tanL = Fg/TR


4: Linear Momentum and Energy

A.
Momentum and Energy (6-1 to 6-4, 6-10, 7-1 to 7-2)

1.
an objects momentum (quantity of motion) is unchanged unless acted upon by a force for a period of time (impulse): J = Ft = mv = p
2.
an objects mechanical energy is unchanged unless acted upon by a force for a distance (work): W = F||d
a.
mechanical energy is energy of motion (thrown rock) or the potential of moving (rock on a hill)

b.
measured in joules (1 J = 1 N•m)

c.
Only component of F parallel to d does work

                                                F
         d

F|| = Fcos  W = (Fcos)d
	W > 0
	W = 0
	W < 0

	F  d   
	F  d 
	F  d   


d.
variable force—stretching a spring

1.
graph spring force (Fs) vs. position (x) 

	        Fs = kx
	

	
	                     slope = k
                                     Area = W

	x


2.
Fs = kx  slope = Fs/x = k
3.
W = Fsx  area = ½x(kx) = ½kx2 = W
e.
power is the rate work is done: P = W/t (W)
1.
measured in watts (1 W = 1 J/s)
2.
P = W/t = F(d/t) = Fvav (v is average)

a.
P = W/t  slope of W vs. t graph

b.
P = Fvav  area under F vs. v graph

3.
kilowatt-hour, 1KWh = 3.6 x 106 J

3.
kinetic and potential energy

a.
something an object has regardless of direction

c.
kinetic energy—energy of motion

1.
positive only


2.
K = ½mv2 = p2/2m
 d.
potential energy—energy of relative position

1.
gravitational potential energy

a.
based on arbitrary zero

b.
Ug = Ug = mgh (near the Earth's surface)
c.
Ug = -GMm/r (orbiting system)
1.
G = 6.67 x 10-11 N•m2/kg2
2.
r = distance from center to center

3.
Ug = 0 when r is Ug < 0 for all values of r because positive work is needed reach Ug = 0
2.
spring (elastic) potential energy, Us = ½kx2 

a.
Us = W to stretch the spring

b.
see work by a variable force above

B.
Solving Work-Energy Problems (6-5 to 6-9) 

1.
work done on object A by a "nonconservative" force (push or pull, friction) results in the change in amount of mechanical energy 

2.
work done on object A by a "conservative" force (gravity, spring) results in the change in form of mechanical energy (U  K) for object A, but no change in energy

a.
conservative forces (Fg and Fs)

1.
Fg  d : Ug  K, Fg  d : K  Ug
2.
Fs  d : Us  K, Fs  d : K  Us
b.
process isn't 100 % efficient 

1.
friction (W = Ffd) reduces mechanical energy

2.
mechanical energy is converted into random kinetic energy of the object's atoms and the temperature increases = heat energy—Q 

3.
total energy is still conserved
3.
general solution for work-energy problems

	· determine initial energy of the object, Eo
· if elevated h distance: Ug = mgh
· if accelerated to v velocity: K = ½mv2
· if spring compressed x distance: Us = ½kx2
· determine energy added/subtracted due to an external push or pull: Wp = ±F||d
· determine energy removed from the object by friction: Wf = Ffd = (Fn)d = (mgcosd 

· d is the distance traveled

·  is the angle of incline (0o for horizontal)

· determine resulting energy, E' = Eo ± Wp – Wf
· determine d, h, x or v 

· if slides a distance d: 0 = Eo ± Wp – mgcosd'
· if elevates a height h: E' = mgh'

· If compresses a spring x: Us: E' = ½kx'2
· if accelerated to velocity v: E' = ½mv'2
· general equation (not all terms apply for each problem)

                   K + Ug + Us ± Wp – Wf = K' + Ug'+ Us' 

½mv2 + mgh + ½kx2 ± Fpd – Ffd = ½mv'2 + mgh' + ½kx'2


C.
Solving Collision Problems (7-3 to 7-7)

1.
collision between particles doesn't change the total amount of momentum because the impulse on A equals the impulse on B, but in the opposite directions
a.
mAvA + mBvB = mAvA’ + mBvB’
b.
two particles collide and stick together 

1.
inelastic collisions (vA' = vB')

2.
mAvA + mBvB = (mA + mB)v’
c.
two particles collide and bounce off

1.
elastic collisions (vA'  vB')

2.
both energy and momentum are conserved

a.
mAvA + mBvB = mAvA’ + mBvB’
b.
vA + vA'  = vB + vB’
3.
solving two equations and two unknowns

	· fill in vA and vB into vA + vA' = vB + vB' 

· write expression for vA’ in terms of vB'

· substitute vA' expression in equation: 

mAvA + mBvB = mAvA’ + mBvB’ 

· solve for vB’ 

· solve for vA’ using the expression for vA' above


4.
collisions in two dimensions

a.
px is conserved independently of py
b.
elastic collision

1.
mAvAx + mBvBx = mAvAx’ + mBvBx’

2.
mAvAy + mBvBy = mAvAy’ + mBvBy’

c.
inelastic collision
1.
mAvAx + mBvBx = (mA + mB)vx' 
2.
mAvAy + mBvBy = (mA + mB)vy' 
d.
object explodes into two pieces mA and mB
(mA + mB)v = mAvA’ + mBvB’

2.
solve ballistics problems

	
      
                    m        vm
· bullet collides inelastically with block: mvm = (M + m)v'

· block swings or slides (conservation of energy)

· block swings like a pendulum to height h 

· K = Ug  ½(M + m)v'2 = (M + m)gh  h = v'2/2g
· block slides a distance d along a rough surface

· K = Wf  ½(M + m)v'2 = (M + m)gd  d = v'2/2g


5: Circular and Rotational Motion
A.
Circular Motion (5-1 to 5-3, 5-6 to 5-8)

1.
constant perimeter (tangential) speed: vt = 2r/T 
2.
constant inward (centripetal) acceleration: ac = v2/r
3.
centripetal force, Fc = mac = mv2/r 

a.
turning on a road problems

                                     v = 2r/T

                            ac
	· when the road is horizontal: Fc = Ff = smg
· roads are banked in order to reduce the amount of friction (component of the Fg is || to Fc) 


b.
horizontal loop problem (mass on a string)

                             Ft-x = Fc = mv2/r



                                Ft                    Ft-y = Fg = mg

                                                            v = 2r/T
	· Ft = (Fc2 + Fg2)½
· tan = Fg/Fc ( is measured from horizontal)


c.
vertical loop problem (mass on a string)



                           Fg          Ft


                           Fg           Ft

	· top: Fnet = Fc = Ft + Fg  Ft = Fc – Fg
· bottom: Fnet = Fc = Ft – Fg  Ft = Fc + Fg 

· if on a roller coaster: Fn = Ft


4.
Newton's law of universal gravity, Fg  = GMm/r2
a.
G = 6.67 x 10-11 N•m2/kg2
b.
M = mplanet and m = msatellite
c.
r is the distance, measured from center to center

d.
g = GM/r2
e.
Fg = Fc: GMm/r2 = mv2/r   v = (GM/r)½
B.
Rotation (8-3 to 8-8)

1.
torque,  = rFr (m•N)
                               rotation                                         90o
                                                                        

                                                                    r                       Fr
r = perpendicular distance from axis of rotation to Fr
2.
equilibrium
a.
center of mass: rcm = (rimi)/mi
b.
cantilever problems—how far from the edge can m2 be placed without tipping?

	                  mass of plank at its center

                                       m1                           m2

                                                r1             r2
                                           Fg1                          Fg2
not rotating             1 = 2
                            r1m1g = r2m2g 

                              r1m1 = r2m2


c.
two supports problems—what are the tensions?

	        FL       mass of plank at its center                        FR
rR
                                          m1                    m2

r1
r2
assume left side is point of rotation

not rotating           R = 1 + 2
                             rRFR = r1m1g + r2m2g

                                FR = (r1m1g + r2m2g)/rR
solve for FL:     FL + FR = m1g + m2g


d.
planetary problems

1.
rotational momentum is conserved: L = rmv
2.
elliptical orbits: r1v1 = r2v2
3.
rotation motion problems

a.
Summary of translational and rotational formulas

 corrects for mass distribution ( = 1 for a hoop, mass on the end of a string, or orbiting satellite) 

	Variable
	Translational
	Rotational
	Rolling

	force
	F = ma
	Fr = ma
	F = (1 + )ma

	momentum
	p = mv
	L = rmv
	p + L = (1 + r)mv

	kinetic energy
	K = ½mv2
	Kr = ½mv2
	K = ½(1 + )mv2


a.
pulley problems

                     M1                  

                                  rough surface ()                            M2



              

 
 


                                          
                                                                           M3

                                                                       H

1.
solve using forces
	· Fg – Ff = M1a + M2a + M3a 
· M+g – m1g = (m1 + m2 + M3)a
· solve for v or t using kinematics


2.
solve using conservation of energy

	· Ug3 – Wf1 = K1 + K2 + K3  

· M3gH – kM1gH = ½(M1 + M2 + M3)v'2
· solve for a or t using kinematics


b.
rolling problems—what is the acceleration


           H
                         

                                     Fgsin
1.
solve using forces
	· Frolling = (1 + )ma

· Fgsin = (1 + )ma

· solve for v or t using kinematics


2.
solve using conservation of energy

	· Ug = Krolling 
· mgh = ½(1 + )mv'2
· solve for a or t using kinematics


D.
Simple Harmonic Motion (SHM) (11-1 to 11-6)

1.
oscillating mass on a spring
a.
kinematic formulas are invalid (a is NOT constant)

b.
displacement, velocity and acceleration oscillate between +A and –A, where A = amplitude

	displacement
	+A
	0
	-A
	0
	+A

	velocity
	0
	-vmax
	0
	+vmax
	0

	acceleration
	-amax
	0
	+amax
	0
	-amax


(1/4T, 2/4T, 3/4T, 4/4T depend on position when t = 0)

c.
time for one cycle, period, T = 2(m/k)½
d.
formulas at midpoint, 0, and extremes, A

	
	midpoint
	extreme

	x
	0
	xmax = A

	v
	vmax = A(k/m)½ = 2A/T
	0

	a
	0
	amax = -A(k/m) = -vmax2/A

	F
	0
	F = -ma = -kA

	U
	0
	Umax = ½kA2

	K
	Kmax = ½mv2
	0


2.
pendulum

a.
period of a simple pendulum, T = 2(L/g)½ 

b.
m cancels out of the equation  doesn't affect T

6: Subatomic Mass, Energy & Momentum
A.
Atomic Nucleus (30-1 to 30-8)

1.
nuclide (combination of protons and neutrons)

a.
number of protons = atomic number (Z)

b.
number of protons + neutrons = mass number (A)

c.
nuclide symbol: AZX 

2.
nuclear processes 
a.
m = mproducts – mreactants 
b.
m < 0 for exothermic (spontaneous) processes
3.
naturally occurring radioactivity

a.
unstable nuclides undergo nuclear change

1.
alpha radiation, 42 (42He)—low penetration


22688Ra  22286Rn + 42 

2.
beta radiation, 0-1 (0-1e)—medium penetration

146C  147N + 0-1
3.
positron radiation, 01

116C  115B + 01
4.
gamma radiation, 00—high penetration
4.
artificial induced radioactivity (transmutation)

10n + 147N  146C + 11p

5.
rate of decay and half-life

a.
time it takes to reduce radioactivity by half is constant = half life, t½ 

b.
1  1/2  1/4  1/8  1/16 ...
B.
Photons and Electrons (27-1 to 27-4, 27-8 to 27-12)
1.
photon 

a.
quantum unit of electromagnetic energy

b.
wave property, c = f
1.
wavelength,  (m)

2.
frequency, f (s-1)

c.
energy, E = hf 

1.
Planck's constant, h = 6.63 x 10-34 J•s
2.
electromagnetic radiation

a.
gamma > x-rays > UV > visible > IR > radio

b.
violet > blue > green > yellow > orange > red

3.
brightness measures intensity (not energy)

d.
photon formulas (kg, m, s, J)

	In terms of:
	c
	f/
	E/p

	Energy
	E = mc2
	E = hf
	E = pc

	Momentum
	p = mc
	p = h/
	


2.
electron

a.
properties (q = -1.6 x 10-19 C , mo = 9.11 x 10-31 kg)
b.
electron structure in an atom: Bohr model

1.
electrons occupy discrete energy levels

a.
En = -B/n2 (BH = 13.6 eV)
b.
n = energy level #

c.
electron volt (eV): 1 eV = 1.6 x 10-19 J
2.
electron change n by absorbing/emitting photon
a.
Ephoton = En-high – En-low 

b.
EeV = 1240 eV•nm/nm

c.
photoelectrons
1.
Einstein's photoelectric effect equation

a.
Kelectron = Ephoton – 
b.
 called "work function" = ionization energy

d.
electron formulas (kg, m, s, J)

	In terms of:
	v
	f/
	E/p

	Energy
	K = ½mv2
	
	K = p2/2m

	Momentum
	p = mv
	p = h/
	


7: Waves

A.
Wave Motion (11-7 to 11-8, 11-12 to 11-13)

1.
types of waves
a.
transverse wave: disturbance  wave 
b.
longitudinal wave: disturbance  wave 
2.
Interference

a.  
superposition principle
1.
crest + crest: constructive interference


2.
crest + trough: destructive interference

b.  
similar frequency produce beats: fbeat = |fB – fA|
c.  
same frequency = standing wave

1.
velocity: vw = [Ft/(m/L)]½  = /T = f
2.
harmonics: n = 2L/n and fn = nf1
d.
resonance: vibrating a structure at its natural frequency will cause amplitude magnification 

5.
Doppler effect 
a.
frequency heard, f', compared to frequency generated, f
1.
f’ = f(vw ± vo)/(vw ± vs) 

2.
f' > f when approaching (+ vo and/or – vs)

3.
f' < f when receding (– vo and/or + vs)
b.  
approximation formula f/f  v/vw
1.
f’ = f + f when approaching

2.
f’ = f – f when receding
B.
Light (23-2, 23-4, 23-6, 24-2, 24-4, 24-10)
1.
general properties

a.
speed in a vacuum: c = 3 x 108 m/s 

b.  
transverse wave
c.
polarization 

d.
Doppler shift alters frequency 

2.
reflection

a.
law of reflection i = r 
b.
phase shift when reflecting surface has greater n 
3.
refraction

a.
light slows when entering a transparent medium 

1.
vn = c/n = 3 x 108/n
2.
v = f and fn = f1  n = 1/n
b.
rays that enter at an angle from normal
1.
bend toward normal if ni < nR
2.
bend away from normal if ni > nR
c.
Snell's law: n1sin1 = n2sin2   
d.
dispersion

1.
n increases with frequency (violet > red)

2.
color separation by a prism

e.
total reflection

1.
only when ni > nR
2.
critical angle c : sinc = (ni/nR)
C.
Lenses and Mirrors (23-3, 23-5, 23-7 to 23-8)
1.
radius of curvature r, where r = 2f
2.
shape

a.
convex—center is thicker than the edges

1.
lens is converging in function

2.
mirror is diverging in function 

b.
concave—center is thinner than the edges

1.
lens is diverging in function

2.
mirror is converging in function
3.
ray tracings

a.
parallel rays go toward/away from focus

                       mirror diverging lens


                              F                 F
             mirror         converging         lens

b.
rays through center are straight

                              lens     mirror

                             F                  F
                 mirror                             lens

c.
image forms where the two rays intersect

5.
Lens/mirror equation: 1/do + 1/±di = 1/±f
a.
+ f for converging, – f for diverging 

b.
do = object distance, use + for single optic system
c.
di = image distance

1.
+, image is real—visible on screen
2.
–, image is virtual—visible through lens/mirror

d.
ho = object height, use + for upright object

e.
hi = image height

1.
+, image is upright

2.
 –, image is upside down (inverted)
f.
magnification, M = hi/ho = -di/do 
1.
> |1|, image is larger than object

2.
< |1|, image is smaller than object

g.
small or partially covered lens reduces amount of light (brightness of image) but not size or nature

D.
Interference (24-3, 24-5 to 24-8)
1.
two or more openings (slits)

a.
light and dark bands (fringes) on a screen

1.
center antinode = 0 order bright

2.
adjacent nodes = 0 order dark

3.
next antinode/node = 1st order, etc

4.
m = order # 

b.
light intensity decreases as m increases

c.
angular deflection () from center to band 

1.
tan = x/L
2.
x = distance from center to band 

3.
L = distance between slits and screen

d.
angular deflection vs. order

1.
Constructive: sinC = m/d 

2.
Destructive: sinD = (m + ½)/d
3.
d = distance between slits

4.
grating: d = length(m)/lines
2.
one opening—W  2L/d

       spot light   d                          width of light spot: W    


3.
partial reflection                          L
a.  
interference occurs when light partially reflects off of a thin film or air space at both boundaries

b.
path difference = 2(T) + phase shift

c.
minimum thickness of a film, T (f = 1/nf)

	Interference
	nf is middle value
	nf is extreme value

	Bright
	T = ½f
	T = ¼f

	Dark
	T = ¼f
	T = ½f


Unit 1 Practice Multiple Choice

1.
A car starting from rest accelerates uniformly at a rate of 5 m/s2.  What is the car's speed after it has traveled 250 m? 

(A)
20 m/s
(B)
30 m/s
(C)
40 m/s
(D)
50 m/s
2.
A ball is thrown straight downward with a speed of 0.5 m/s.  What is the speed of the ball 0.70 s after it is released? 

(A)
0.5 m/s
(B)
10 m/s
(C)
7.5 m/s
(D)
15 m/s

3.
A car increases its speed from 9.6 m/s to 11.2 m/s in 4 s. The average acceleration of the car during the 4 s is 

(A)
0.4 m/s2
(B)
2.8 m/s2
(C)
2.4 m/s2
(D)
5.2 m/s2
4.
What is the speed of an object after it has fallen freely from rest through a distance of 20 m? 

(A)
5 m/s
(B)
10 m/s
(C)
20 m/s
(D)
45 m/s 

5. 
A car accelerates uniformly from rest, reaching a speed of 30 m/s in 6 s.  During the 6 s, the car has traveled

(A)
15 m
(B)
30 m
(C)
60 m
(D)
90 m

6.
A student on her way to school walks four blocks east, three blocks north, and another four blocks east.  Compared to the distance she walks, the magnitude of her displacement from home to school is

(A)
less 
(B)
greater 
(C)
the same 

7. 
An object is dropped from rest from the top of a high cliff.  What is the distance the object falls during the first 6 s? 

(A)
30 m 
(B)
60 m
(C)
120 m
(D)
180 m

8.
A ball is dropped from the roof of a building 40 m tall. What is the approximate time of fall? 

(A)
2.8 s
(B)
4.1 s
(C)
2.0 s
(D)
8.2 s 

9.
A baseball is thrown upward with a speed of 30 m/s. The maximum height reached by the baseball is approximately 

(A)
15 m
(B)
75 m
(C)
45 m
(D)
90 m 

10. 
A constant acceleration of 9.8 m/s2 on an object means the 

(A)
velocity increases 9.8 m/s during each second 

(B)
velocity is 9.8 m/s 

(C)
object falls 9.8 m during each second 

(D)
object falls 9.8 m during the first second only 

11. 
An object is shot vertically upward. Which of the following correctly describes the velocity and acceleration of the object at its maximum elevation? 


Velocity 
Acceleration 

(A)
Positive 
Positive

(B)
Zero 
Zero 

(C)
Negative 
Negative

(D)
Zero 
Negative 

12.
An object is released from rest on a planet that has no atmosphere. The object falls freely for 3 m in the first second. What is the planet's acceleration due to gravity? 

(A)
1 m/s2
(B)
3 m/s2 
(C)
6 m/s2 
(D)
10 m/s2 

13.
Displacement x of an object as a function of time is shown.  

[image: image1.wmf]
The acceleration of this object must be 

(A)
zero 
(B)
constant but not zero

(C)
increasing
(D)
decreasing

14.
The graph represents the relationship between speed and time for an object moving along a straight line.

What is the distance traveled during the first 4 s?
(A)
5 m
(B)
40 m
(C)
20 m
(D)
80 m
15.
Which displacement/time graph best represents a cart traveling with a constant positive acceleration along a straight line?

(A)

(B)

(C)

(D)

16.
Which acceleration/time graph best represents an object falling freely near the earth's surface?

(A)

(B)

(C)

(D)


17. 
Which of the following pairs of graphs shows the distance traveled versus time and the speed versus time for an object uniformly accelerated from rest at time t = 0? 


(A)
(B)

(C)
(D)
18.
A truck traveled 400 m north in 60 s, and then it traveled 300 m east in 40 s.  The average velocity of the truck was 

(A)
4 m/s
(B)
5 m/s
(C)
6 m/s
(D)
7 m/s
19.
The graph shows the velocity versus time for an object moving in a straight line. At what time after time = 0 does the object again pass through its initial position? 

(A)
0.5 s
(B)
1 s
(C)
1.7 s
(D)
2 s
Questions 20-21 At time t = 0, car X traveling with speed vo passes car Y, which is just starting to move. Both cars then travel on two parallel lanes of the same straight road. The graphs of speed v versus time t for both cars are shown.
	v (m/s)
	
	
	
	

	2 vO
	
	
	
	
	car Y

	
	
	
	
	
	

	vO
	
	
	
	
	car X

	
	
	
	
	
	

	0
	
	
	
	
	t (s)

	
	10
	30
	


20. 
Which is true at t = 20 s?


(A)
Car X is ahead
(B)
Car X is passing car Y 


(C)
Car Y is ahead
(D)
Car Y is passing car X 


21.  At what time is car Y just passing car X? 


(A)
0 s
(B)
20 s
(C)
30 s
(D)
40 s

22.  An object released from rest at time t = 0 slides down a frictionless incline a distance of 1 m during the first second.  The distance traveled by the object during the time interval from t = 1 s to t = 2 s is 

(A)
1 m 
(B)
2 m
(C)
3 m
(D)
4 m


23. The graph shows velocity v versus time t for an object. Which is the graph of position x versus time t?
(A)





(B)



24.
A body moving in the positive x direction passes the origin at time t = 0.  Between t = 0 and t = 1 s, the body has a constant speed of 24 m/s.  At t = 1 s, the body is given a constant acceleration of -6 m/s2 (in the negative x direction).  The position x of the body at t = 11 s is 

(A)
+99 m 
(B)
+36 m
(C)
–36 m
(D)
–75 m
Questions 25-26 The graph represents position x versus time t for an object accelerating from rest with constant acceleration.  

[image: image2.wmf]
25.
The average speed during the interval between 0 s and 2 s is most nearly 

(A)
2 m/s
(B)
4 m/s
(C)
6 m/s
(D)
8 m/s

26.
The instantaneous speed at 2 s is most nearly

(A)
2 m/s
(B)
4 m/s
(C)
6 m/s
(D)
8 m/s

Unit 2 Practice Multiple Choice

1.
A machine launches a tennis ball at an angle = 25° above the horizontal at an initial velocity vo = 14 m/s. Which combination of changes must produce an increase in time of flight of a second launch?

(A)
decrease  and vo
(B)
decrease  and increase vo
(C)
increase  and vo
(D)
increase  and decrease vo
2.
Two spheres, A and B, are thrown horizontally from the top of a tower; vA = 40 m/s and vB = 20 m/s.  Which is true of the time T in the air and horizontal distance d traveled?

(A)
TA = TB, dA = dB
(B)
TA = TB, dA = 2dB 
(C)
TA = TB, 2dA = dB 
(D)
TA > TB, dA > dB
3.
A plane flying horizontally at 100 m/s drops a crate.  What is the horizontal component of the crate's velocity just before it strikes the ground 3 seconds later?

(A)
0 m/s
(B)
100 m/s
(C)
300 m/s
(D)
400 m/s 

Questions 4-5 A ball is launched horizontally at 5 m/s from a height of 10 m. 




      5 m/s

                                           10 m
4. 
How much time is the ball in the air?


(A)
0.5 s
(B)
0.7 s
(C)
1.4 s
(D)
2 s

5.
How far does the ball travel horizontally before hitting the ground?


(A)
2.5 m
(B)
5 m
(C)
7 m
(D)
10 m

6.
A projectile is fired with initial velocity, vo, at an angle o. 

[image: image3.wmf]

Which pair of graphs represent the vertical components of the velocity vy and acceleration ay of the projectile as functions of time t? 

(A)
vy
ay
(B)
vy
ay



                  t              t                           t                 t

(C)
vy
ay
(D)
vy
ay

                         t              t                           t                  t


Questions 7-10 A projectile is fired from the ground with an initial velocity of 250 m/s at an angle of 37o above horizontal. 

7.
What is the vertical component of the initial velocity?

(A)
100 m/s
(B)
150 m/s
(C)
200 m/s
(D)
250 m/s 

8.
How long is the projectile in the air (assume the projectile lands at the same elevation that it was fired)?

(A)
25 s
(B)
30 s
(C)
45 s
(D)
50 s

9.
What is the horizontal component of the initial velocity?

(A)
100 m/s
(B)
150 m/s
(C)
200 m/s
(D)
250 m/s 

10.
How far did the projectile travel horizontally before it struck the ground?

(A)
6,000 m
(B)
7,000 m
(C)
9,000 m
(D)
10,000 m

11.
A projectile is fired with an initial velocity of 100 m/s at an angle  above the horizontal.  If the projectile's initial horizontal speed is 60 m/s, then angle  measures 

(A)
30o
(B)
37o
(C)
40o
(D)
53o
12.
A rock is dropped from the top of a 45-m tower, and at the same time a ball is thrown from the top of the tower in a horizontal direction.  The ball and the rock hit the level ground a distance of 30 m apart.  The horizontal velocity of the ball thrown was most nearly 

(A)
5 m/s 
(B)
10 m/s 
(C)
15 m/s 
(D)
20 m/s 

13. 
A projectile is fired from a level surface on the Earth with a speed of 200 m/s at an angle of 30° above the horizontal.  What is the maximum height reached by the projectile? 

(A)
5 m 
(B)
10 m
(C)
500 m 
(D)
1,000 m

14.
How much time is a rock in the air if it is thrown horizontally off a building from a height h with a speed vo?

(A)
(hvo)½
(B)
h/vo
(C)
hvo/g
(D)
(2h/g)½
15. 
A spring-loaded dart gun generates velocity vo. What is the maximum height h reached by the dart if the gun is pointed at 30o above the horizontal?
(A)
 vo2/4g
(B)
vo/2g 
(C)
vo2/8g
(D)
vo/g
16. Vectors V1 and V2 have equal magnitudes and represent the velocities of an object at times t1 and t2, respectively.  
[image: image4.wmf]
The direction of acceleration between time t1 and t2 is

(A)

(B)

(C)
 
(D)

Questions 17-18 A person on the west side of a river, which runs north to south, wishes to cross the 1-km wide river to a point directly across from his starting point.  The river current is 3 km/hr and the boat's maximum speed is 5 km/hr.

17.
What direction should the person direct the boat?

(A)
due east
(B)
due north

(C)
37o north of east
(D)
53o north of east


18.
How long will it take to reach the dock?

(A)
1/5 hr 
(B)
1/4 hr
(C)
1/2 hr
(D)
1 hr

19. 
A stationary observer on the ground sees a package falling with speed v1 at an angle to the vertical.  At the same time, a pilot flying horizontally at constant speed relative to the ground sees the package fall vertically with speed v2.  What is the speed of the pilot relative to the ground? 

(A)
v1 + v2
(B)
v1 – v2
(C)
v2 – v1
(D)
(v12 – v22)½
Unit 3 Practice Multiple Choice

1.
A 6-N force and an 8-N force act on a point.  The resulting force is 10 N.  What is the angle between the two forces?

(A)
0o
(B)
30o
(C)
45o
(D)
90o 
2.
A 60-kg physics student would weigh 1560 N on the surface of planet X.  What is the acceleration due to gravity on the surface of planet X? 

(A)
2 m/s2
(B)
10 m/s2
(C)
15 m/s2
(D)
26 m/s2 

3.
A 400-N girl standing on a dock exerts a force of 100 N on a 10,000-N sailboat as she pushes it away from the dock.  How much force does the sailboat exert on the girl?

(A)
25 N
(B)
400 N 
(C)
100 N
(D)
10000 N 

4.
What force is needed to keep a 60-N block moving across asphalt ( = 0.67) in a straight line at a constant speed?

(A)
40 N
(B)
51 N
(C)
60 N
(D)
120 N

5. 
If F1 is the force exerted by the earth on the moon and F2 is the force exerted by the moon on the earth, then which of the following is true? 

(A)
F1 equals F2 and in the same direction

(B)
F1 equals F2 and in the opposite direction

(C)
F1 is greater than F2 and in the opposite direction 

(D)
F2 is greater than F1 and in the opposite direction

6.
How far will a spring (k = 100 N/m) stretch when a 10-kg mass hangs vertically from it?

(A)
1 m
(B)
1.5 m
(C)
5 m
(D)
10 m 

7.
Compared to the force needed to start sliding a crate across a rough level floor, the force needed to keep it sliding once it is moving is

(A)
less 
(B)
greater 
(C)
the same 
8.
A skier on waxed skis (k = 0.05) is pulled at constant speed across level snow by a horizontal force of 40 N.  What is the normal force exerted on the skier?

(A)
700 N
(B)
750 N
(C)
800 N
(D)
850 N

9.
Which vector diagram best represents a cart slowing down as it travels to the right on a horizontal surface? 

(A)

(B)
(C)
(D)


10. 
Two 0.60-kg objects are connected by a thread that passes over a light, frictionless pulley.  A 0.30-kg mass is added on top of one of the 0.60-kg objects and the objects are released from rest. The acceleration of the system

of objects is most nearly
(A)
10 m/s2
(B)
6 m/s2
(C)
3 m/s2
(D)
2 m/s2
11.
An applied force of 50 N is necessary to accelerate a 4.0-kg object at 10 m/s2 on a rough horizontal surface.What is the frictional force, Ff, acting on the object?

(A)
5 N
(B)
10 N
(C)
20 N
(D)
40 N

12. 
Two blocks are pushed along a horizontal frictionless surface by a force, F = 20 N to the right.  


                F

The force that the 2-kg block exerts on the 3-kg block is 

(A)
8 N to the left 
(B)
8 N to the right

(C)
10 N to the left 
(D)
12 N to the right

Questions 13-15 A box of mass m is on a ramp tilted at an angle of  above the horizontal. The box is subject to the following forces: friction (Ff), gravity (Fg), pull (Fp) and normal (Fn).  The box is moving up the ramp. 
                                   Fn                      Fp


                            Ff               Fg        
                                          
13.
Which equals Fn?

(A)
Fg
(B)
Fgcos
(C)
Fgsin
(D)
Fgcos
14.
Which equals Ff if the box is accelerating?

(A)
Fp
(B)
Fgcos
(C)
Fn
(D)
Fp – Fgsin
15.
Which equals Fp if the box is moving at constant velocity?

(A)
Ff
(B)
Ff + Fgsin


(C)
ma - Ff
(D)
Ff – Fgsin 

16. 
A rope supports a 3-kg block. The breaking strength of the rope is 50 N. The largest upward acceleration that can be given to the block without breaking the rope is most nearly 

(A)
6 m/s2 
(B)
6.7 m/s2 
(C)
10 m/s2 
(D)
15 m/s2 

17.
A 5-kg block lies on a 5-m inclined plane

that is 3 m high and 4 m wide.  

The coefficient of friction between

the plane and the block is 0.3.

What minimum force F will pull
the block up the incline?

(A)
12 N
(B)
32 N
(C)
42 N
(D)
50 N

18.
A block of mass 3m can move without friction on a horizontal table.  This block is attached to another block of mass m by a cord that passes over a frictionless pulley.  The masses of the cord and the pulley are negligible,
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What is the acceleration of the descending block? 

(A)
Zero
(B)
¼ g
(C)
⅓ g
(D)
⅔ g
19.
A 10-kg block is pulled along a horizontal surface at constant speed by a 50-N force, which acts at a 37o angle with the horizontal.  

What is the coefficient of friction ?

(A)
1/3
(B)
2/5
(C)
1/2
(D)
4/7
20.
A 10-kg cart moves without frictional loss on a level table.  A 50-N force pulls horizontally to the right (F1) and a 40-N force at an angle of 60° pulls on the cart to the left (F2).  

                       F2
                                                            F1
What is the horizontal acceleration of the cart? 

(A)
1 m/s2
(B)
2 m/s2
(C)
3 m/s2
(D)
4 m/s2
21.
A push broom of mass m is pushed across a rough floor by a force T directed at angle .  The coefficient of friction is .

The frictional force on the broom has magnitude 

(A)
(mg + Tsin)
(B)
(mg - Tsin) 

(C)
(mg + Tcos)
(D)
(mg - Tcos)

Questions 22-23 A block of mass m is accelerated across a rough surface by a force F that is exerted at an angle with the horizontal.  The frictional force is f.
[image: image6.wmf]
22.
What is the acceleration of the block? 

(A)
F/m
(B)
Fcos/m
(C)
(F – f)/m
(D)
(Fcos – f)/m
23. 
What is the coefficient of friction between the block and the surface? 

(A)
f/mg
(B)
mg/f
(C)
(mg – Fcos)/f
(D)
f/(mg – Fsin)

24. 
A horizontal force F pushes a block of mass m against a vertical wall.  The coefficient of friction between the block and the wall is . 

What minimum force, F,  will keep the block from slipping?

(A)
F = mg 
(B)
F = mg

(C)
F = mg/ 
(D)
F = mg(1 – )

25. Two blocks of masses M and m, with M > m, are connected by a light string.  The string passes over a frictionless pulley of negligible mass so that the blocks hang vertically.  The blocks are then released from rest.  What is the acceleration of the block of mass M?
(A)
g 
(B)
(M – m)g/M 

(C)
(M + m)/Mg
(D)
(M – m)g/(M + m) 

26.
The momentum vector for an object is represented below.


The object strikes a second object that is initially at rest.  

Which set of vectors may represent the momentum of the two objects after the collision? 

(A)
(B)




(C)
(D)



Questions 27-28 A 100-N weight is suspended by two cords.

27. 
The tension in the ceiling cord is 

(A)
50 N 
(B)
100 N
(C)
170 N
(D)
200 N

28.
The tension in the wall cord is

(A)
50 N 
(B)
100 N
(C)
170 N
(D)
200 N

Unit 4 Practice Multiple Choice

1. 
The force on an object versus time is graphed below.  

[image: image7.wmf]
The object's change in momentum, in kg•m/s, from 0 to 4 s is 

(A)
40 
(B)
20  
(C)
0 
(D)
-20 

2.
A 3-kg block, initially at rest, is pulled along a frictionless, horizontal surface with a force shown as a function of time t by the graph.   

The speed of the block at t = 3 s is 

(A)
3 m/s 
(B)
4 m/s 
(C)
6 m/s 
(D)
8 m/s 

3. 
Two pucks, where mI = 3mII, are attached by a stretched spring and are initially held at rest on a frictionless surface.  

[image: image8.wmf]
The pucks are released simultaneously.  Which is the same for both pucks as they move toward each other? 

(A)
Speed 
(B)
Velocity 

(C)
Acceleration 
(D)
Magnitude of momentum 
4. 
A 2,000-kg railroad car rolls to the right at 10 m/s and collides and stick to a 3,000-kg car that is rolling to the left at 5 m/s.  What is their speed after the collision?

(A)
1 m/s
(B)
2.5 m/s
(C)
5 m/s
(D)
7 m/s

5.
A 5-kg block with momentum = 30 kg•m/s, sliding east across a horizontal, frictionless surface, strikes an obstacle.  The obstacle exerts all impulse of 10 N•s to the west on the block.  The speed of the block after the collision is 

(A)
4 m/s
(B)
8 m/s
(C)
10 m/s
(D)
20 m/s

6.
In the diagram, a block of mass M initially at rest on a frictionless horizontal surface is struck by a bullet of mass m moving with horizontal velocity v.  

What is the velocity of the bullet-block system after the bullet embeds itself in the block? 

(A)
(M + v)m/M
(B)
(m + v)m/M

(C)
(m + M)v/M
(D)
mv/(m + M)

7. 
A disc of mass m is moving to the right with speed v when it collides and sticks to a second disc of mass 2m.  The second disc was moving to the right with speed v/2. 

 

The speed of the composite body after the collision is 

(A)
v/3
(B)
v/2
(C)
2v/3
(D)
3v/2

8. 
An object of mass m is moving with speed vo to the right on a horizontal frictionless surface when it explodes into two pieces.   Subsequently, one piece of mass 2/5m moves with a speed ½vo to the left.  The speed of the other piece of the object is 

(A)
vo/2
(B)
vo/3
(C)
7vo/5
(D)
2 vo
9. 
Two objects of mass 0.2 kg and 0.1 kg, respectively, move parallel to the x-axis.  The 0.2 kg object overtakes and collides with the 0.1 kg object.  Immediately after the collision, the y-component of the velocity of the 0.2 kg object is 1 m/s upward.  

What is the y-component of the velocity of the 0.1 kg object immediately after the collision? 

(A)
2 m/s downward 
(B)
0.5 m/s downward

(C)
0 m/s
(D)
0.5 m/s upward


10. 
Two particles of equal mass mo moving with equal speeds vo 

along paths inclined at 60° to the x-axis,

collide and stick together. Their velocity 

after the collision has magnitude

(A)
vo/4

(B)
vo/2


(C)
vo/2

(D)
3vo/2

11.
Student A lifts a 50-N box to a height of 0.4 m in 2.0 s.  Student B lifts a 40-N box to a height of 0.50 m in 1.0 s.  Compared to student A, student B does 

(A)
the same work but develops more power

(B)
the same work but develops less power

(C)
more work but develops less power

(D)
less work but develops more power 

12.
What is the change in gravitational potential energy for a 50-kg snowboarder raised a vertical distance of 400 m? 

(A)
50 J
(B)
200 J
(C)
20,000 J
(D)
200,000 J

13.
How high is a 50-N object moved if 250 J of work is done against the force of gravity?

(A)
2.5 m
(B)
10 m
(C)
5 m
(D)
25 m 

14.
What is the spring potential energy when a spring (k = 80 N/m) is stretched 0.3 m from its equilibrium length?

(A)
3.6 J
(B)
12 J
(C)
7.2 J 
(D)
 24 J 

15.
What is the kinetic energy of a 5-kg block that slides down an incline at 6 m/s?

(A)
20 J
(B)
90 J
(C)
120 J
(D)
240 J 

Questions 16-17 A weight lifter lifts a mass m at constant speed to a height h in time t.    

16.
How much work is done by the weight lifter?

(A)
mg
(B)
mh 
(C)
mgh 
(D)
mght 

17.
What is the average power output of the weight lifter?

(A)
mg
(B)
mh 
(C)
mgh 
(D)
mgh/t 

18. 
Which is a scalar quantity that is always positive or zero? 

(A)
Power
(B)
Work 

(C)
Kinetic energy 
(D)
Potential Energy 

19.
The graphs show the position d versus time t of three objects that move along a straight, level path.  
[image: image9.wmf]

Which has no change in kinetic energy? 

(A)
II only
(B)
III only 
(C)
I and II
(D)
I and III 

Questions 20-21 A constant force of 900 N pushes a 100 kg mass up the inclined plane at a uniform speed of 4 m/s.

[image: image10.wmf]
20.
The power developed by the 900-N force is 

(A)
400 W
(B)
800 W
(C)
900 W
(D)
3600 W 

21.
The gain in potential energy when the mass goes from the bottom of the ramp to the top.

(A)
100 J
(B)
500 J
(C)
1000 J
(D)
2000 J

22.
What is the maximum height that a 0.1-kg stone rises if 40 J of work is used to shoot it straight up in the air? 

(A)
0.4 m
(B)
4 m
(C)
40 m
(D)
400 m

23.
A 40-N block is released from rest on an incline 8 m above the horizontal.
What is the kinetic energy of the block at the bottom of the incline if 50 J of energy is lost due to friction?

(A)
50 J
(B)
270 J
(C)
320 J
(D)
3100 J

Questions 24-27 The vertical height versus gravitational potential energy for an object near earth's surface is graphed below.
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24.
What is Ug when the object is 2.25 m above the surface?

(A)
50 J
(B)
45 J
(C)
60 J
(D)
55 J 

25.
What is the mass of the object?

(A)
1.5 kg
(B)
2.0 kg
(C)
2.5 kg
(D)
3.0 kg

26.
What does the slope of the graph represent?

(A)
mass of the object

(B)
gravitational force on the object

(C)
kinetic energy of the object

(D)
potential energy of the object

27.
If an object with greater mass was graphed instead of the object graphed above, how would the slope of the graph differ from the above graph?

(A)
more positive
(B)
less positive

(C)
equal but negative 
(D)
be the same

28.
A 50-kg diver falls freely from a diving platform that is 3 m above the surface of the water. What is her kinetic energy at 1 m above the water?

(A)
0
(B)
500 J 
(C)
750 J 
(D)
1000 J

29. 
A 1000 W electric motor lifts a 100 kg safe at constant velocity.  The vertical distance through which the motor can raise the safe in 10 s is most nearly 

(A)
1 m
(B)
3 m
(C)
10 m
(D)
32 m 

30.
Which is the graph of the spring potential energy of a spring versus elongation from equilibrium?

(A)

(B)
(C)
(D)
31.
Which is the graph of the gravitational potential energy of an object versus height?  (Assume height << earth's radius)

(A)
(B)
(C)
(D)
32.
An object falls freely near earth's surface.  Which graph best represents the relationship between the object's kinetic energy and its time of fall? 

(A)
(B)
(C)
(D)


[image: image11.wmf]
33.
A system consists of two masses m1 and m2 

(m1 < m2).  The objects are connected by a string, 

hung over a pulley and then released. When the 

object of mass m2 has descended a distance h, 

the change in potential energy of the system is 

(A)
(m1 – m2)gh
(B)
m2gh


(C)
(m1 + m2)gh
(D)
½(m1 + m2)gh
34. 
From the top of a 70-m-high building, a 1-kg ball is thrown directly downward with an initial speed of 10 m/s.  If the ball reaches the ground with a speed of 30 m/s, the energy lost to friction is most nearly

(A)
50 J
(B)
250 J
(C)
300 J 
(D)
450 J

35.
A block of mass M is released from rest at the top of an inclined plane of height h. If the plane is frictionless, what is the speed of the block at the bottom of the incline? 

(A)
(2gh)½
(B)
2Mgh
(C)
2MghR2
(D)
5gh
36.
Block of mass m slides on a horizontal frictionless table with an initial speed vo.  It then compresses a spring of force constant k and is brought to rest.  How much is the spring compressed from its natural length?

(A)
vo2/2g
(B)
mgvo/k
(C)
mvo/k
(D)
vo(m/k)½
Unit 5 Practice Multiple Choice

1.
In the diagram, a car travels clockwise at constant speed.


Which letters represent the directions of 

the car's velocity, v, and acceleration, a? 


v
a

(A)
A
C


(B)
C
B

(C)
C
A


(D)
D
A

2.
A racing car is moving around the circular track of radius 300 m.  At the instant when the car's velocity is directed due east, its acceleration is 3 m/s2 directed due south.  When viewed from above, the car is moving 

(A)
clockwise at 30 m/s 
(B)
counterclockwise at 30 m/s 

(C)
clockwise at 10 m/s
d.
counterclockwise at 10 m/s 

3. 
A person weighing 800 N on earth travels to another planet with the same mass as earth, but twice the radius.  The person's weight on this other planet is most nearly 

(A)
200 N
(B)
400 N
(C)
800 N
(D)
1600 N

4. 
The disk is rotating counterclockwise when the ball is projected outward at the instant the disk is in the position shown.  

Which of the following best shows the subsequent direction of the ball relative to the ground? 

(A)

(B)

(C)

(D)

5. 
A ball is released from rest at position P swings through position Q then to position R where the string is again horizontal. 


What are the directions of the ball's acceleration at positions, Q and R?

Q 
R

Q 
R

(A)


(B)


(C)


(D)



6.
A 5-kg sphere is connected to a 10-kg sphere by a rod. 


[image: image12]
The center of mass is closest to 

(A)
A
(B)
B
(C)
C
(D)
D

7.
A ball attached to a string is moved at constant speed in a horizontal circular path.  A target is located near the path of the ball as shown in the diagram. 

At which point along the ball's path should the string be released, if the ball is to hit the target?

(A)
A
(B)
B
(C)
C
(D)
D

Questions 8-9 refer to a ball that is tossed straight up from the surface of a small asteroid with no atmosphere.  The ball rises to a height equal to the asteroid's radius and then falls straight down toward the surface of the asteroid. 

8. 
What forces act on the ball while it is on the way up? 

(A)
a decreasing gravitational force that acts downward 

(B)
an increasing gravitational force that acts downward 

(C)
a constant gravitational force that acts downward 

(D)
a constant gravitational force that acts downward and a decreasing force that acts upward 

9. 
The acceleration of the ball at the top of its path is 

(A)
at its maximum value for the ball's flight

(B)
equal to the acceleration at the surface

(C)
equal to one-half the acceleration at the surface 

(D)
equal to one-fourth the acceleration at the surface 

10.
The diagram shows a 5.0-kg bucket of water being swung in a horizontal circle of 0.70-m radius at a constant speed of 2.0 m/s.  

The centripetal force on the bucket of water is 

(A)
5.7 N
(B)
29 N 
(C)
14 N
(D)
200 N 

Questions 11-12 A 125-N board is 4 m long and is supported by vertical chains at each end.  A person weighing 500 N is sitting on the board.  The tension in the right chain is 250 N. 
11. 
What is the tension in the left chain? 

(A)
250 N
(B)
375 N
(C)
500 N
(D)
625 N

12. 
How far from the left end of the board is the person sitting? 

(A)
0.4 m
(B)
1.5 m
(C)
2 m 
(D)
2.5 m

13. 
A square piece of plywood on a horizontal tabletop is subjected to the two horizontal forces shown above.

[image: image13.wmf]
Where should a third force of magnitude 5 N be applied to put the piece of plywood into equilibrium?

	                                   A     B
                                                             C

	
	
	
	

	                       D
	
	
	

	


14.
A 5-m, 100-kg plank rests on a ledge with 2 m extended out.  

[image: image14.wmf]
How far can a 50-kg person walk out on the plank past the edge of the building before the plank just begins to tip?

(A)
½ m
(B)
1 m
(C)
3/2 m
(D)
2 m

15. 
The radius of the earth is approximately 6,000 km. The acceleration of an astronaut in a perfectly circular orbit 6,000 km above the earth would be most nearly 

(A)
0 m/s2 
(B)
2.5 m/s2 
(C)
5 m/s2 
(D)
10 m/s2 

16.
The diagram represents two satellites of equal mass, A and B, in circular orbits around a planet.

[image: image15.wmf]
Comparing the gravitational force between satellite and planet, B's gravitational force compared to A's is 

 (A)
half as great 
(B)
twice as great 

(C)
one-fourth as great
(D)
four times as great 

17. 
The system is balanced when hanging by the rope.

[image: image16.wmf]
What is the mass of the fish? 

(A)
1.5 kg
(B)
2 kg
(C)
3 kg
(D)
6 kg 

18. 
A ball attached to a string is whirled around in a horizontal circle with radius r, speed v and tension T.  If the radius is increased to 4r and the tension remains the same, then the speed of the ball is  

(A)
¼v
(B)
½v 
(C)
v
(D)
2v 

19.
A 0.4-kg object swings on the end of a string.  At the bottom of the swing, the tension in the string is 6 N.  What is the centripetal force acting on the object at the bottom of the swing?

(A)
2 N
(B)
4 N
(C)
6 N
(D)
10 N

20.
Two wheels, fixed to each other, are free to rotate about a frictionless axis perpendicular to the page.  Four forces are exerted tangentially to the rims of the wheels.  

[image: image17.wmf]
The net torque on the system about the axis is 

(A)
zero
(B)
FR 
(C)
2FR 
(D)
5FR 

21. 
Mars has a mass 1/10 that of Earth and a diameter 1/2 that of Earth.  The acceleration of a falling body near the surface of Mars is most nearly 

(A)
g/5
(B)
2g/5
(C)
g/2
(D)
g 

22.
A satellite of mass m and speed v moves in a stable, circular orbit around a planet of mass M. What is the radius of the satellite’s orbit? 

(A)
GM/mv
(B)
Gv/mM
(C)
GM/v2
(D)
GmM/v
23. 
A wheel of radius R is mounted on an axle so that the wheel is in a vertical plane.  Three small objects having masses m, M, and 2M, respectively, are mounted on the rim.  

[image: image18.wmf]
What is m in terms of M when the wheel is stationary? 

(A)
1/2 M
(B)
M
(C)
3/2 M
(D)
2 M

24. 
In each case the unknown mass m is balanced by a known mass M1 or M2.  

[image: image19.wmf]
What is the value of m in terms of the known masses?

(A)
M1 + M2
(B)
(M1 + M2)/2

(C)
M1M2
(D)
(M1M2)½
25.
An asteroid moves in an elliptic orbit with the Sun at one focus.  

Which of the following increases as the asteroid moves from point P in its orbit to point Q? 

(A)
Speed 
(B)
Angular momentum

(C)
Total energy 
(D)
Potential energy 

26. 
A satellite S is in an elliptical orbit around a planet P with r1 and r2 being its closest and farthest distances, respectively, from the center of the planet.  If the satellite has a speed v1 at its closest distance, what is its speed at its farthest distance? 

(A)
(r1/r2)v1


(B)
(r2/r1)v1


(C)
(r2 – r1)v1

(D)
½(r1 + r2)v1
27.
A satellite of mass M moves in a circular orbit of radius R at a constant speed v.  Which must be true? 

I. 
The net force on the satellite is equal to Mv2/R and is directed toward the center of the orbit. 

II. 
The net work done on the satellite by gravity in one revolution is zero. 

III. 
The angular momentum of the satellite is a constant. 

(A)
I only 
(B)
III only 
(C)
I and II 
(D)
I, II, and III 

28. 
For which motions is there a variable force involved?

(A)
Constant speed in a straight line 

(B)
Simple harmonic motion 

(C)
Constant speed in a circle

(D)
Constant acceleration in a straight line 

Questions 29-30 A sphere of mass M, radius R, and = 2/5, is released from rest at the top of an inclined plane of height h. 

[image: image20.wmf]
29. 
If the plane is frictionless, what is the speed of the center of mass of the sphere at the bottom of the incline? 

(A)
(2gh)½
(B)
2Mgh
(C)
2MghR2
(D)
5gh
30. 
If the plane has friction so that the sphere rolls without slipping, what is the speed at the bottom of the incline?

(A)
(2gh)½
(B)
2Mgh
(C)
2MghR2
(D)
(10gh/7)½
31. 
A particle of mass, m, moves with a constant speed v along the dashed line y = a.  

When the x-coordinate of the particle is xo, the magnitude of the angular momentum of the particle with respect to the origin of the system is

 
(A)
zero
(B)
amv
(C)
xomv
(D)
 (vo2 + a2)½mv
Questions 32-36 A block oscillates without friction on the end of a spring.  The minimum and maximum lengths of the spring as it oscillates are, respectively, xmin and xmax.  

[image: image21.wmf]
The graphs below can represent quantities associated with the oscillation as functions of the length x of the spring.
(A)
(B)

(C)

(D)

32. 
Which graph can best represent the total mechanical energy of the block-spring system as a function of x? 

33. 
Which graph can best represent the kinetic energy of the block as a function of x? 

34. 
Which graph can best represent the potential energy of the block as a function of x? 

35.
Which graph can best represent the acceleration of the block as a function of x?

36.
Which graph can best represent the velocity of the block as a function of x? 

37. 
A block attached to the lower end of a vertical spring oscillates up and down. The period of oscillation depends on which of the following? 

I. 
Mass of the block 

II. 
Amplitude of the oscillation 

III. 
Spring constant 

(A)
I only 
(B)
II only 
(C)
III only
(D)
I and III only

38. 
When a 1-kg bob is attached to a spring, the period of oscillation is 2 s.  What is the period of oscillation when a 2-kg bob is attached to the same spring?

(A)
0.5 s
(B)
1.0 s
(C)
1.4 s
(D)
2.8 s

39. 
A pendulum and a mass hanging on a spring both have a period of 1 s on Earth. They are taken to planet X, which has twice the gravitational acceleration g as Earth.  Which is true about the periods of the two objects on planet X compared to their periods on Earth? 

(A)
Both are shorter. 

(B)
Both are longer. 

(C)
The pendulum is longer and the spring is the same.

(D)
The pendulum is shorter and the spring is the same. 

40. 
The graph is of the displacement x versus time t for a particle in simple harmonic motion with a period of 4 s.


[image: image22]
Which graph shows the potential energy of the particle as a function of time t for one cycle of motion? 

(A)

(B)

(C)

(D)
41.
Two identical springs are hung from a horizontal support. When a 1.2-kg block is suspended from the pair of springs, each spring is stretched an additional 0.15 m.

The spring constant of each spring is most nearly 

(A)
40 N/m 
(B)
48 N/m
(C)
60 N/m 
(D)
80 N/m

42. 
A ball is dropped from a height of 10 m onto a hard surface so that the collision at the surface may be assumed elastic.  Under such conditions the motion of the ball is 

(A)
simple harmonic with a period of about 1.4 s

(B)
simple harmonic with a period of about 2.8 s

(C)
simple harmonic with an amplitude of 5 m

(D)
periodic but not simple harmonic 

43. 
An object swings on the end of a cord as a simple pendulum with period T.  Another object oscillates up and down on the end of a vertical spring, also with period T.  If the masses of both objects are doubled, what are the new values for the periods? 


Pendulum 
Spring 

Pendulum 
Spring
(A)
T/√2

√2T
(B)
T

√2T
(C)
T

T
(D)
√2T

T
44. 
When a mass m is hung on a spring, the spring stretches a distance d.  If the mass is then set oscillating on the spring, the period of oscillation is proportional to 

(A)
(d/g)½
(B)
(g/d)½
(C)
(d/mg)½
(D)
(m2g/d)½
45. 
A 3-kg block is hung from a spring, causing it to stretch 12 cm at equilibrium.  The 3-kg block is then replaced by a 4-kg block, and the new block is released from the spring when it is unstretched.  How far will the 4-kg block fall before its direction is reversed? 


(A)
9 cm
(B)
18 cm
(C)
24 cm
(D)
32 cm
46. 
A spring is fixed to the wall at one end.  A block of mass M attached to the other end of the spring oscillates with amplitude A on a frictionless, horizontal surface.  The maximum speed of the block is v.

[image: image23.wmf]
The spring constant is 

(A)
Mg/A
(B)
Mgv/2A
(C)
Mv2/2A
(D)
M(v/A)2
47. 
A sphere of mass m1 is attached to a spring.  A second sphere of mass m2 is suspended from a string of length L, If both spheres have the same period of oscillation, which of the following is an expression for the spring constant? 

(A)
L/m1g
(B)
g/m2L
(C)
m1L/g
(D)
m1g/L
Unit 6 Practice Multiple Choice

1.
The nuclear reaction X  Y + Z occurs spontaneously.  If Mx, My, and Mz are the masses of the three particles, which of the following relationships is true?

(A)
MX < MY – MZ 
(B)
MX < MY + MZ 

(C)
MX > MY + MZ 
(D)
MX – MY < MZ 
2.
A negative beta particle is emitted during the radioactive decay of 21482Pb. Which is the resulting nucleus? 

(A)
21080Hg
(B)
21481Tl
(C)
21383Bi
(D)
21483Bi

3.
The deuteron (21H) mass md is related to the neutron mass mn and the proton mass mp by which of the following? 

(A)
md = mn + mp 
(B)
md = mn + mp + mBE 


(C)
md = 2(mp) 
(D)
md = mn + mp – mBE 

4.
At noon the decay rate is 4,000 counts/minute.  At 12:30 P.M. the decay rate is 2,000 counts/minute.  The predicted decay rate in counts/minute at 1:30 P.M. is 

(A)
0
(B)
500 
(C)
667
(D)
1,000

5.
In the photoelectric effect, the maximum speed of electrons emitted by a metal surface when it is illuminated by light depends on which of the following?

I.
Intensity of the light

II.
Frequency of the light

III.
Nature of the photoelectric surface

(A)
I only
(B)
II only
(C)
III only
(D)
II and III only

6. 
If photons of light of frequency f have momentum p, photons of light of frequency 2f will have a momentum of 

(A)
2p 
(B)
½p
(C)
p 
(D)
4p
7. 
Light of a particular wavelength is incident on a metal surface, and electrons are emitted from the surface as a result.  To produce more electrons per unit time but with less kinetic energy per electron, one should 

(A)
Increase the intensity and decrease the wavelength. 

(B)
Increase the intensity and the wavelength. 

(C)
Decrease the intensity and the wavelength. 

(D)
Decrease the intensity and increase the wavelength.

8. 
If the momentum of an electron doubles, its de Broglie wavelength is multiplied by a factor of 

(A)
¼
(B)
½
(C)
1
(D)
2

Questions 9-10 The spectrum of visible light emitted during transitions in excited hydrogen atoms is composed of blue, green, red, and violet lines 

9.
What characteristic determines energy carried by a photon? 

(A)
amplitude
(B)
phase 

(C)
frequency
(D)
velocity
10. 
Which color is associated with the greatest energy change? 

(A)
blue 
(B)
red
(C)
green 
(D)
violet 

Questions 11-13 Use the graphs to answer the questions.

(A)                                      (B)
(C)           
(D)
11.
Which graph shows the de Broglie wavelength of a particle versus the linear momentum? 

12.
Which graph shows the maximum kinetic energy of the emitted electrons versus the frequency of the light? 

13.
Which graph shows the total photoelectric current versus the intensity of the light for a fixed frequency?

Questions 14-19 The diagram shows the energy levels for H2.  

[image: image24.wmf]
14.
What is the energy, in eV, of a photon emitted by an electron as it moves from the n = 6 to the n = 2?
(A)
0.38 eV
(B)
3.02 eV
(C)
3.40 eV
(D)
13.60 eV

15.
The energy of the photon (in J) is closest to

(A)
6.1 x 10-20 J
(B)
4.8 x 10-19 J

(C)
5.4 x 10-19 J
(D)
2.2 x 10-18 J

16.
What is the frequency of the emitted photon?

(A)
9.2 x 1013 s-1
(B)
7.3 x 1014 s-1
(C)
8.2 x 1014 s-1
(D)
3.3 x 1015 s-1
17.
What is the wavelength of the emitted photon? 

(A)
 4.1 x 10-7 m
(B)
 3.3 x 10-7 m 

(C)
 5.4 x 10-7 m 
(D)
 5.0 x 10-7 m 

18.
What is the minimum amount of energy needed to ionized an electron that is initially in the n = 6 energy level?

(A)
13.22 eV

(B)
5.12 eV

(C)
0.38 eV


(D)
0.16 eV

19.
A photon having energy of 9.4 eV strikes a hydrogen atom in the ground state.  Why is the photon not absorbed by the hydrogen atom? 

(A)
The atom's orbital electron is moving too fast 

(B)
The photon striking the atom is moving too fast. 

(C)
The photon's energy is too small. 

(D)
The photon is being repelled by electrostatic force.

20.
Electrons with energy E have a de Broglie wavelength of approximately .  In order to obtain electrons whose de Broglie wavelength is 2, what energy is required?
(A)
¼E
(B)
½E
(C)
2E
(D)
4E
Unit 7 Practice Multiple Choice

Briefly explain why the answer is correct in the space provided.
Questions 1-3 The diagram represents a transverse wave traveling in a string.                       

                                                       

                                                          6 m
1.
Which pair points is half a wavelength apart?

(A)
A and D
(B)
D and F
(C)
B and F
(D)
D and H 

2.
What is the wavelength?

(A)
1 m
(B)
6 m
(C)
2 m
(D)
3 m

3.
What is the speed of the wave if its frequency is 9 Hz?

(A)
0.3 m/s
(B)
1 m/s
(C)
3 m/s
(D)
27 m/s

4.
If the amplitude of a transverse wave traveling in a rope is doubled, the speed of the wave in the rope will

(A)
decrease
(B)
increase 
(C)
remain the same 

Question 5-6 Use the graph wavelength versus frequency of waves to answer the questions.


[image: image25] 

5.
What is the wavelength when the frequency is 2.0 Hz?

(A)
5.0 m
(B)
2.5 m
(C)
2.0 m
(D)
1.0 m

6.
What is the speed of the waves generated in the spring?

(A)
2 m/s
(B)
5 m/s
(C)
7 m/s
(D)
10 m/s 

7. 
Sound in air can best be described as which of the following types of waves? 

(A)
Longitudinal
(B)
Transverse 

(C)
Gravitational
(D)
Electromagnetic

8.
Maximum destructive interference will occur when two waves having the same amplitude and frequency     

(A)
meet crest to crest
(B)
meet crest to trough

9.
The motion of the individual particles in the medium compared to the direction of the transverse wave, is

(A)
perpendicular
(B)
parallel

Questions 10-12 A standing wave of frequency 5 Hz is set up on a string 2 m long with nodes at both ends and in the center. 

[image: image26.wmf]
10.
What is the harmonic of this standing wave?

(A)
first
(B)
second
(C)
third
(D)
fourth
11. 
The speed at which waves propagate on the string is 

(A)
0.4 m/s 
(B)
2.5 m/s
(C)
5 m/s
(D)
10 m/s

12. 
The first harmonic of vibration of the string is

(A)
1 Hz 
(B)
2.5 Hz
(C)
5 Hz 
(D)
7.5 Hz

13. 
The frequencies of the third harmonics of a vibrating string is f.  What is the fundamental frequency of this string? 

(A)
f/3
(B)
f/2
(C)
f
(D)
2f
14.
A ringing bell is located in an airless chamber.  The bell be seen vibrating but not be heard because 

(A)
Light can travel through a vacuum, but sound cannot. 

(B)
Sound waves have greater amplitude than light waves. 

(C)
Light waves travel slower than sound waves.

(D)
Sound waves have higher frequencies than light waves. 

15.
Resonance occurs when a vibrating object transfers energy to another object causing it to vibrate. The energy transfer is most efficient when the two objects have the same 

(A)
frequency
(B)
amplitude

(C)
loudness
(D)
speed

16. 
In the Doppler effect for sound waves, factors that affect the frequency that the observer hears include 

I. 
The speed of the source 

II. 
The speed of the observer

III. 
The loudness of the sound 

(A)
I only 
(B)
II only 
(C)
III only 
(D)
I and II

17. 
A train whistle has a frequency of 100 Hz as heard by the engineer on the train.  Assume that the velocity of sound in air is 330 m/s.  If the train is approaching the station at a velocity of 30 m/s, the whistle frequency that a stationary listener at the station hears is most nearly 

(A)
90 Hz
(B)
110 Hz
(C)
120 Hz
(D)
240 Hz

18.
The product of a wave's frequency and its period is

(A)
one
(B)
its velocity

(C)
its wavelength
(D)
Plank's constant

19. 
The figure shows two waves that are approaching each other.  

[image: image27.wmf]
Which of the following best shows the shape of the resultant pulse when points P and Q, coincide? 

(A)                                   
(B)
(C)                              
(D)
20.
A sound wave has a wavelength of 5.5 m as it travels through air, where the velocity of sound is 330 m/s.  What is the wavelength of this sound in a medium where its speed is 1320 m/s?

(A)
1.4 m
(B)
2.2 m
(C)
14 m
(D)
22 m

21. 
A cord of fixed length and uniform density, when held between two fixed points under tension T, vibrates with a fundamental frequency f.  If the tension is doubled, the fundamental frequency is 

(A)
2f 
(B)
√2f
(C)
f
(D)
f/√2 

Questions 22-23 An object, slanted at an angle of 45°, is placed in front of a vertical plane mirror.                                                 


 mirror



• A


• B


• C
                                
• D 

22. 
Which of the labeled points is the position of the image? 

23. 
Which of shows the orientation of the object's image? 

(A)

(B)

(C)

(D)

Questions 24-26 A ray of light ( = 6 x 10-7 m) in air (n = 1) is incident on quartz glass (n = 2).

                                                                     Air
                                                                    Quartz glass

24.
What is the angle of reflection measured from normal?

(A)
35o
(B)
55o
(C)
22o
(D)
33o

25.
The angle of refraction measured from normal is closest to

(A)
25o
(B)
35o
(C)
55o
(D)
75o
26.
Which is correct about the light in quartz glass is correct?

(A)
v = 3 x 108 m/s
(B)
 = 6 x 10-7 m

(C)
v = 1.5 x 108 m/s
(D)
 = 1.2 x 10-6 m 

Question 27-31 A curved surface, with a 10-cm focal length is mirrored on both sides.




A

B
C
D


|


|
|



10 cm


10 cm
20 cm
27.
Which location would you place an object to form a virtual image that is smaller than the object?

28.
Which location would you place light source in order to produce parallel rays of reflected light?

29.
Which location would you place an object to form a real image?

30.
Which location would you place an object to form a virtual image that is larger than the object?

31.
Which location is the radius of curvature for this mirror?

32. 
The critical angle for a transparent material in air is 30°.  The index of refraction is most nearly 

(A)
0.33
(B)
0.50
(C)
1.0
(D)
2.0

33. 
Light leaves a source at X and travels to Y along the path.  

[image: image28.wmf]
Which of the following statements is correct? 

(A)
n1 = n2 
(B)
n1 > n2
(C)
v1 > v2 
(D)
f1 > f2
34. 
Which statement is correct about lenses and mirrors?

(A)
Converging lenses are thinnest in the middle.


(B)
Convex mirrors are curved inward.

(C)
A real image formed by a convex lens is dimmed when half of the lens is covered.


(D)
A diverging lens or mirror can make a real or virtual image depending on where the object is placed.

35.
Two plane mirrors are positioned perpendicular to each other as shown.  A ray of light is incident on mirror 1 at an angle of 55°.  This ray is reflected from mirror 1 and then strikes mirror 2.

 


                                                           55o
                                                      35o
                                         90o       35o
                                        55o
Which is correct?

I.
The incident ray for mirror 2 is 55o measured from normal.
II.
The reflected ray for mirror 2 is 35o measured from normal.
III.
The reflected ray for mirror 2 is parallel to incident ray for mirror 1.

(A)
I only
(B)
II only
(C)
I and III
(D)
II and III  

36. 
A thin film with index of refraction nf separates two materials, each of which has an index of refraction less than nf.  A monochromatic beam of light is incident normally on the film.


If the light has wavelength  in air, maximum constructive interference between the incident beam and the reflected beam occurs for which of the following film thicknesses? 

(A)
2/nf
(B)
/nf
(C)
/2nf
(D)
/4nf
37. 
600-nm light passes through two slits.  The first-order interference maximum appears at 6°.  What is the separation of the slits? (sin6o = 0.10)

(A)
1500 nm
(B)
4500 nm
(C)
3000 nm
(D)
6000 nm 

38.
How are electromagnetic waves that are produced by oscillating charges and sound waves in air that are produced by oscillating tuning fork similar? 

(A)
Both have the same frequency as their respective sources. 

(B)
Both require a matter medium for propagation. 

(C)
Both are longitudinal waves. 

(D)
Both are transverse waves. 

39.
When observed from Earth, the wavelengths of light emitted by a star are shifted toward the red end of the spectrum. This red shift occurs because the star is 

(A)
at rest relative to earth 

(B)
moving away from earth 

(C)
moving toward earth at decreasing speed

(D)
moving toward earth at increasing speed 

40.
Parallel wave fronts incident on an opening in a barrier are diffracted.  For which combination of wavelength and size of opening will diffraction effects be greatest? 

(A)
short wavelength and narrow opening

(B)
short wavelength and wide opening 

(C)
long wavelength and narrow opening

(D)
long wavelength and wide opening 

Question 41-44 Consider a converging lens with focal length, f.


[image: image29]
41.
Where is the image formed for an object that is placed on the left at 3/2f?

(A)
On the right at 3f.
(B)
On the left at 3f.

(C)
On the right at ⅓f.
(D)
On the left at f. 

42.
Where is the image formed for an object that is placed on the left at ½f?

(A)
On the right at 3f.
(B)
On the left at 3f.

(C)
On the right at ⅓f.
(D)
On the left at f. 

43.
Where would the object be placed in order to produce an upright image that is larger than the object?

(A)
at 2f
(B)
between 2f and f
(C)
at f
(D)
between f and the lens

44.
Where would the object be placed in order to produce an inverted image that has a magnification of 2?

(A)
2f
(B)
3/2f
(C)
4/3f
(D)
5/4f
45.
Which is true of a single-slit diffraction pattern? 

(A)
It has equally spaced fringes of equal intensity. 

(B)
It has a relatively strong central maximum. 

(C)
It can be produced only if the slit width is less than one wavelength. 

(D)
It can be produced only if the slit width is exactly one wavelength. 

Questions 46-48 A light ray R in medium I strikes a sphere of medium II with angle of incidence .  The index of refraction for medium I is n1 and medium 2 is n2. 


46.
Which path is possible if n1 < n2?

47.
Which path is possible if n1 > n2?

48.
Which path is possible if n1 = n2?

(A)
A or B
(B)
C or D
(C)
All
(D)
None

49.
A beam of white light is incident on a triangular glass prism (n = 1.5) for visible light, producing a spectrum.  Initially, the prism is in an aquarium filled with air.  

[image: image30.wmf]
Which is true if the aquarium is filled with water (n = 1.3)? 

(A)
No spectrum is produced. 

(B)
The positions of red and violet are reversed. 

(C)
The spectrum produced has greater separation between red and violet than that produced in air. 

(D)
The spectrum produced has less separation between red and violet than that produced in air. 
Unit 1 Practice Free Response
3.
A model rocket is launched vertically with an acceleration of 30 m/s2 for 2 s.  The rocket continues upward until it reaches its highest point, when a parachute is deployed.  The rocket descends vertically to the ground at 5 m/s.

a.
How high is the rocket after the acceleration stage?
	


b.
How fast is the rocket traveling at the end of the acceleration stage?

	


c.
What is the rocket's maximum height?

	


d.
At what time will the maximum height be reached?

	


e.
How long does it take the rocket to descend?

	


4.
A toy cart, initially at rest, starts to move down an incline with constant acceleration.  When the cart reaches an arbitrary point, its position x is measured for different times t and the data are recorded in the table.

a.
Calculate the average speed of the cart during each 0.50 s time interval and fill in the spaces in the table. 

	Time, t (s)
	0.00
	0.50
	1.00
	1.50
	2.00

	Position, x (m)
	0.00
	0.22
	0.70
	1.35
	2.10

	Velocity, vav (m/s)
	
	
	
	
	
	


b.
Label the vertical axis with appropriate numbers, plot the data, and draw a best-fit line. 
                vt (m/s)

	1.4
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	1.0
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	0.8
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	0.4
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	0
	
	
	
	
	
	
	
	
	
	

	
	
	0.4
	0.8
	1.2
	1.6
	

	
	t (s)


c.
Using the best-fit line to determine

(1)
the slope (acceleration).

	


(2)
the y-intercept (initial velocity).

	


d.
At the end of 2.00 s, determine

(1)
the velocity of the cart.

	


(2)
the distance traveled from rest. 

	


Unit 2 Practice Free Response
2.
A rescue plane, traveling horizontally at 70 m/s, drops supplies to mountain climbers on a rock ridge 235 m below. 

[image: image31.emf]
a.
How much time is the package in the air?

	


b.
How far in advance, x, are the supplies dropped?

	


Suppose, instead, that the plane releases the supplies a horizontal distance of 425 m in advance of the climbers. What vertical velocity (up or down) is given to the supplies so that they reach the climbers?
[image: image32.emf]
c.
How much time is the package in the air?

	


d.
What is the package's initial velocity?
	


Unit 3 Practice Free Response
2.
A 4700 kg truck carrying a 900 kg crate is traveling at 25 m/s to the right along a straight, level highway.  The driver then applies the brakes, and as it slows down, the truck travels 55 m in the next 3.0 s.  The crate does not slide.

a.
Calculate the magnitude of the acceleration of the truck, assuming it is constant.

	


b.
Label all the forces acting on the crate during braking.

c.
Calculate the minimum coefficient of friction between the crate and truck that prevents the crate from sliding.

	


Now assume the bed of the truck is frictionless, but there is a spring of spring constant 9200 N/m attaching the crate to the truck.  The truck is initially at rest.

[image: image33.emf]
d.
If the truck and crate have the same acceleration, calculate the extension of the spring as the truck accelerates from rest to 25 m/s in 10 s.

	


e.
What happens to the spring when the truck reaches 25 m/s and stops accelerating?  Explain your reasoning.

	


Unit 4 Practice Free Response
2.
A larger block with mass M slides down a ramp a vertical distance of 30 cm and strikes a smaller block with mass m, where M = 3m. The blocks stick and fall 90 cm to the floor. 

a.
What is the velocity of the larger block just before it collides with the smaller block? 

	


b.
What is the velocity of the blocks after the collision?
	


c.
How far horizontally do the blocks travel after colliding?

	


3. 
Students are to calculate the spring constant k of a spring.  The spring is compressed 0.020 m from its uncompressed length. A mass m is placed on top of the spring. The spring is then released and the maximum height h reached by the mass is measured. The students repeat the experiment, measuring h with various masses m.
a.
Derive an expression for the height h in terms of m, x, k, and fundamental constants.
	


b.
(1)
What quantities should be graphed so that the slope of a best-fit straight line can be used to calculate the spring constant k?
	


(2)
Fill in one or both of the blank columns in the table with calculated values of your quantities.

	
	
	
	
	
	

	m (kg)
	0.020
	0.030
	0.040
	0.050
	0.060

	h (m)
	0.49
	0.34
	0.28
	0.19
	0.18

	
	
	
	
	
	


c.
On the axes below, plot your data and draw a best-fit straight line. Label the axes and indicate the scale. 
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	


d.
Using your best-fit line, calculate the spring constant.
	


Unit 5 Practice Free Response
1.
A roller coaster ride at an amusement park lifts a car of mass 700 kg to point A at a height of 90 m above the lowest point on the track, as shown above. The car starts from rest at point A, rolls with negligible friction down the incline and follows the track around a loop of radius 20 m.  Point B, the highest point on the loop, is at a height of 50 m above the lowest point on the track. 

a.
(1) 
Indicate on the figure the point P at which the maximum speed of the car is attained. 

(2) 
Calculate the value vmax of this maximum speed.
	


b.
Calculate the speed vB of the car at point B. 
	


c.
(1)
Draw and label vectors to represent the forces acting on the car when it is upside down at point B. 
	
                                       



(2) 
Calculate all the forces identified in (c1). 
	


5. 
A 3.0 kg bob swings on the end. The potential energy U of the object as a function of distance x from its equilibrium position is shown.  The bob has a total energy E of 0.4 J. 


a.
What is the greatest distance x for the pendulum bob?  

	


b.
How much time does it take the pendulum to go from the greatest +x to the greatest –x?
	


c.
Determine the bob's kinetic energy when x = -7 cm. 
	


d.
What is the object's speed at x = 0? 

	


Unit 6 Practice Free Response
2. 
The diagram shows the lowest four energy levels of an atom.  An electron in n = 4 state makes a transition to n = 2. 


Determine

a.
the energy of the emitted photon in eV.
	


b.
the wavelength of the emitted photon. 

	


c.
the momentum of the emitted photon.
	


The photon is incident on silver, which emits a photoelectron (m = 9.11 x 10-31 kg) with wavelength  = 5.2 x 10-10 m. 
d.
What is the momentum of the photoelectron in kg•m/s?
	


e.
What is the kinetic energy of the photoelectron in eV?
	


f.
What is the work function of silver?
	


Unit 7 Practice Free Response
1. 
The figure shows a converging mirror, focal point F, center of curvature C, and an object represented by the arrow.

a.
Draw a ray diagram showing two rays and the image.

[image: image34.emf]
b.
Is the image real or virtual?  Justify your answer.

	


c.
The focal length of this mirror is 6.0 cm, and the object is located 8.0 cm away from the mirror.  Calculate the position of the image formed by the mirror. 

	


Suppose that the converging mirror is replaced by a diverging mirror with the same radius of curvature that is the same distance from the object, as shown below.
d.
Draw a ray diagram showing two rays and the image.
e.
For this mirror, determine

(1)
the image distance from the mirror.

	


(2)
the magnification.

	


2.
A diffraction grating with 600 lines/mm is used to study the line spectrum of the light produced by a hydrogen discharge tube.  The grating is 1.0 m from the source (a hole at the center of the meter stick).  An observer sees the first-order red line at a distance yr = 428 mm (0.428 m) from the hole.

Determine 

a.
the angular deflection.

	


b.
the wavelength of the red light.

	


The 600 line/mm grating is replaced by a 800 lines/mm grating.  Determine

c.
the angular deflection.

	


d.
the distance, yr, where the observer sees the first-order red line.

	


3.
A beam of red light of wavelength 6.65 x 10-7 m in air is incident on a glass prism at an angle 1. 

The glass has index of refraction 

n = 1.65 for the red light. 

When 1 = 40o, the beam 

emerges on the other 

side at 4 = 84o.

a.
Calculate the angle of refraction 2.

	


b.
What minimum angle 3 would result in total internal reflection (4 = 90o)?
	


c.
Would the incident angle 1 be greater than or less than 40o in order to produce total internal reflection?
	


d.
The glass is coated with a thin film that has an index of refraction nf = 1.38 to reduce the partial reflection. 
(1)
Determine the wavelength of the red light in the film.
	


(2)
Determine the minimum thickness of the film.
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