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1 - SCIENCE SKILLS

Measurements

An electronic balance measures the mass of a paperclip to be 2.4 g. Determine the following:

1. Absolute Uncertainty =24 g + g

2. Percent Uncertainty =249 + %

3. What is the absolute uncertainty for the ruler shown below?
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4. Name a velocity graph that's moving in the negative direction and slowing down the entire time

5. Name a displacement graph that's moving in the negative direction at a constant velocity

6. Name the matching displacement graph for Graph G

7. Name the matching velocity graph for Graph D




A student creates the following graph showing how the force 20
of a spring changes as it is stretched 18
16
8. Calculate the slope of this graph in N/m 14
= 12
g 10
LIC_) 8
9. Calculate the area of this graph in N xm 6
4
2
0
1 2 3 4
Spring Stretch (m)
Conversions
Convert the following using the data booklet e Y e T
peta P 10"
10. 38cm = tera T 10
giga G 10°
mega M 10°
kilo k 10°
11. 256 x 10" m = nm hecto h 102
deca da 10
deci d 10~
centi c 1072
12. 560000 W = MW il m 10
micro H 10°
nano n 107°
pico p 10"
13. 5460 uC = femto ¢ 105
14. 0.0034 MW = w




Motion

Samantha walks 60 meters east, then 80 meters west, then 30 meters east.

15. What is her distance?

16. What is her displacement?

2 - FORCES

Net Force and Equilibrium

1. Awindow washer stands in the middle of a horizontal board which is supported by two vertical ropes, one
at each end supporting with equal amounts of force. If the window washer and equipment weigh 1100 N,
and the board weighs 500 N how much tension force is in each wire?

2. What is the net force on this object?

10 N

14 N
2 N

1N



Weight, Normal, and Elastic

3. What is weight of a 22 kg basket of puppies on earth?

4. A 3-kg blockis suspended motionlessly by cables as shown in the diagram below. What is the tension force
in the cable that is at a 42° angle from the horizontal?

42°

3 kg

5. What is the spring constant in N/m for the unknown spring with data graphed below?
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Friction and Ramps

6. Calculate the coefficient of friction between a 15 kg crate and the floor if it takes a push of 40 N to slide it

at a constant velocity (F.e: = 0 N). Draw the force diagram and solve.



7. You stand on a force plate when flat on the ground and it measures normal force to equal to your weight at
about 600 N. You then place this same force plate ona 20° ramp and stand on it again. What is the normal
force measured when standing on a ramp?

Buoyant Force

8. A5 kg cube with a side length of 0.06 m is held fully submerged in the middle of a container filled with
glycerol (p = 1126 kg m™). What is the net force on the cube the moment that it is released?

9. Acylinderthat has a base with a 0.3 m radius floats upright in a container of water (p = 1000 kg m™) so that
0.8 m is submerged below the surface. What is the mass of the cylinder?

10. A 50 kg sphere with a radius of 0.15 m sinks to the bottom of a container of olive oil (p = 911 kg m®). What

is the normal force from the bottom of the container acting on the object? (Voppere = gnr3)



3 - MOTION

Momentum

1. A5 kg dog rides a skateboard at 8 m/s? How fast must a 0.1 kg hamster on a skateboard be moving to

match the momentum of the dog? _ ‘
X

2. Charlotte, a 65-kg skin diver, shoots a 2-kg spear with a speed of 15 m s at a fish who darts quickly away
without getting hit. How fast does Charlotte move backwards when the spear is shot?

3. A0.150 kg baseball traveling with a horizontal speed of 4 m s™' is hit by a bat and then moves with a speed
of 35 m s in the opposite direction. What is the force of the baseball bat on the ball causing this to
happen if the bat is in contact with the ball for 0.2 seconds?

4. Arailroad diesel engine weighs four times as much as a freight car. If the diesel engine coastsat 7.5 m s’
into a freight car that is initially at rest, how fast do the two coast after they couple together?

5. Arocket of mass 20,000 kg, starting with an initial velocity of 12m s, is acted upon by a force of 15,000 N
for 15 seconds. What is the final velocity of the rocket?



Forces and Kinematics

6. What is the net force on this object?

10N

14 N

1N

7. Starting from rest, how far has this block gone after 6 seconds with the forces shown below?

12 N 3 N

8. A 1,500 kg car is stopped at a traffic light and then steps on the gas as soon as the light turns green to
accelerate to 20 m/s in 5 seconds. What was the force exerted on the car by the engine?

9. An Olympic sprinter goes from 0 m/s to 16 m/s over the course of the 100-meter dash. Assuming a
constant acceleration, how long does this take in seconds?



10. You jump straight in the air and place a piece of tape on the wall 0.45 m above a piece of tape that you
stuck on the wall while standing. If this is used as a measure of your maximum jump height, what is your
hang time in seconds? (total time that you are in the air)

11. What is the acceleration of a 60 kg skydiver that is falling while experiencing 150 N of air resistance?

12. What air resistance force would be required for that same 60 kg skydiver to be falling at their terminal
velocity?

4 - FORCE FIELDS

1. The gravitational force between two massive objects is 10 N. What is the the new force if the distance
between them is decreased from 20 cm to 5 cm?



2. Whatisthe charge (in Coulombs) if an object has 3 x 10" excess electrons? (answer should be negative)

3. What is the gravitational field (g) on the surface of the Pluto if Pluto has a mass of 1.31 x 10* kg and a
radius of 1,188 km?

4. Two balloons with charges of +3.37 uC and -8.21 puC attract each other with a force of 0.0626 Newtons.
Determine the separation distance between the two balloons.

5. Calculate the speed of a negatively charged electron travelling through a B-field of flux density 7 mT if the
resulting electromagnetic force is 3.36 x 107" N. (hint: what is the charge of a single electron?)



6. A power line for a light-rail system carries 1000 A at an angle of 30.0° to the Earth’'s 5.00x 10 Tesla
magnetic field. What is the force on a 100-m section of this line?

Right Hand Rule

Word Bank
Up Left Into the Page
Down Right Out of the Page

7. In what direction must the current be flowing to produce the magnetic field shown?

)

8. In what direction must the magnetic field be pointing to produce the force shown?

(&
| 4

9. In what direction must the magnetic field be pointing to produce the force shown?

(?—H

Word Bank
Up Left Into the Page
Down Right Out of the Page

10. In what direction will the applied force be on this current carrying wire in a magnetic field?

3 3 - » »




11. In what direction will the applied force be on this current carrying wire in a magnetic field?

12. In what direction will the electron shown be deflected as it travels through this magnetic field?

5 - CIRCULAR MOTION

Properties of Circular Motion

1. Which of the following vectors best represents the instantaneous e

linear velocity of an object in a clockwise orbit in the position g S
shown? C / N

2. Which of the following vectors best represents the acceleration of
an object with a constant speed in a clockwise orbit in the position E .
shown? \

3. Which of the following vectors best represents the net force of an \ /
object with a constant speed in a clockwise orbit in the position ~ P
shown?

4. What is the angular velocity in rad s' (decimal form) traveled when a merry-go-round with a radius of 4
meters makes 5 complete revolutions in 35 seconds?

5. You are twirling a ball around with a string in a horizontal circle using a net force of 25 Newtons. What is
the net force if you triple the angular velocity but maintain the same mass and radius?



6. A spinning spaceship is designed to recreate Earth’s gravity by traveling with a centripetal acceleration of
9.8 m s2 If the radius of the ship’s circular structure is 32 meters, how many seconds would it take to make
one complete revolution?

Orbits and Force Fields

7. How will the positive particle below move in the magnetic field shown?  iB-Field

. ® x x x ® x
Clockwise

Counter-clockwise x x x o % %
Straight

®
®
®
O
x
®
®

9. What is the acceleration due to gravity experienced by Phobos, a moon 9.4 x 10° m away from Mars?
Phobos has a mass of 1.1 x 10'® kg and Mars has a mass of 6.4 x 10% kg.

Vertical Circles

10. What is the apparent weight (same as normal force Fy) of a 75 kg rider while
zooming through a dip on a roller coaster with a 10-meter radius and a
velocity of 15 m s




11. You twirl a 0.5-kg object on a string in a vertical circle of radius 0.4 m. You maintain a constant speed of 4 m s'.
What is the force of tension acting on the string at the top of the swinging ball’'s path?
f—

Complex Circular Motion

12. The "Rotor" ride is the one which presses you against the walls of the spinning rotor as the floor drops
away. The coefficient of static friction between the wall and the 75-kg rider is p= 0.4. If the rotor has a
radius of 5 meters, what is the minimum angular velocity in rad s for the rider to stay stuck to the wall?

.

13. A car of mass 1700 kg rounds a circular turn. If the road is flat and the coefficient of static friction between
the road and tiresis 0.75, what is the smallest turning radius that the car could safely complete at 15 m s™'?

14. A ball of mass 3 kg is suspended from a string whirled in a circle with a radius of 0.4 m lying in the
horizontal plane. The string makes an angle of 27° with the vertical. Find the angular velocity of the ball.




6 - ENERGY & PROJECTILES

Energy

1. A person weighing 600 N gets on an elevator. The elevator lifts the person 6 meters up at a constant
velocity for 10 seconds. How much power is used?

2. If 68 watts of power are produced in 18 seconds, how much work is done?

3. What is the maximum velocity of a 2 kg pendulum that is released from the position shown?

A

0.25m

A

4. Whatisthe speed of the roller coaster car as it rolls over the second hill if it starts as shown with a velocity
of 0ms™?

7\

52 m

A




5. You push your 60 kg friend on ice skates with a constant horizontal force of 75 N. How fast are they going

after traveling a full 50 meters if they start from rest?

6. A pole-vaulter of mass 59.7 kg falls from a height of 4.76 m onto some foam.
a. Calculate the maximum kinetic energy on impact.

b. If the foam deforms by 81 cm (0.81 m), calculate the average force exerted on the pole-vaulter.

7. How much work (in Joules) is required to stretch the rubber band modeled in the graph below from a

stretch distance of 0.1 m to a stretch distance of 0.4 m?

A
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Projectile Motion

8. You throw a baseball perfectly horizontally aiming at the bullseye on the target 6 meters away. If the ball
hits the target 0.3 m below the bullseye, how fast was it thrown?

Tiger Woods hits a golf ball off the tee at speed of 80 m s™' and an angle of 15° from the horizontal. Calculate
the total distance, total time, and max height of the ball assuming no air resistance.

9. Total Distance

10.Total Time

11. Max Height

7 - WAVE RESONANCE

Wave Vocabulary

Air
Molecules

1. Sound causes molecules to vibrate in the same direction as the sound travels. This type of wave is called a
wave.

2. The number of waves passing a given point each second is called the

3. Does sound travel fastest through air, water, or steel?



Simple Harmonic Motion and Simple Wave Calculations

4. What is the frequency (in Hertz) of the wave shown in the diagram below?
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5. Awaterwave with an amplitude of 0.4 meters travels at 0.8 m s™'. If the distance between two wave crests is
5 m, what is the frequency (in Hertz) of the waves?

6. Aspring and mass system oscillates up and down with an overall amplitude of
0.4 m in simple harmonic motion. If the motion has a period of 1.2 seconds,
what is the velocity at point C in the diagram shown? ---C

7. A mass of 0.25 kg hangs swings from a pendulum at sea level with a period of 3.5 seconds. What is the
length of this pendulum?

Standing Waves

8. What is the wavelength in standing wave shown?




9. Howlong doesa closed tube need to be to resonate at a fundamental frequency (1** Harmonic) of 425 Hz.
Assume a speed of sound at 340 ms™'.

10. What frequency will you hear if you resonate 0.9 meter long open tube instrument at its 3 harmonic?
Assume a speed of sound at 342 ms™.

8 — WAVE INTERACTIONS

1. What type of electromagnetic wave has a wavelength between visible light and microwaves?

2. Light travels through water at about 225,000,000 meters per second. If the light wave's frequency is 4 x 10™ Hz,
what is the exponent of its wavelength?

5.63x 10 ? meters

3. A depiction of light waves is shown to the right. Based on this picture, which color 2 VaVaVa
of light carries the least amount of energy?

CRANGE

4. Light travels about 1.695 x 10 m s through a sapphire. What is the index of refraction of sapphire?

5. You have an unknown liquid and measure that if light hits a critical angle of 35°, then it cannot escape the
material into the air. Calculate the index of refraction for this unknown material.

Air

e



6. Alarge cubeisformed fromice. A lightray is incident from a vacuum at an angle of 46° to the normal on
one surface of the cube. The light ray travels at a speed of 2.27 x 10® m s". Calculate the angle of refraction
inside the ice cube.

___Ey

7. Red laser light isincident on a double slit with a slit separation of 0.35 mm. A double-slit interference

™~ ice cube

pattern is observed on a screen 2.4 m from the slits. The distance between successive maxima on the screen
is 4.7 mm. Calculate the wavelength of the light in nm.

screen
double slit
— 0.35mm
- e

24m

F
h 4

(not to scale)

9 - ELECTRICITY

1. Aceiling fanisconnectedto a 120 V electrical source. If the resistance of the ceilingfan is 48 QQ, what is the
power (in Watts) used to run this fan?

2. How many 3 Q resistors must be connected in parallel to create a total resistance of 0.5 Q ?



3. What is the equivalent resistance (in Ohms) in the portion of a circuit shown below?

7Q 38Q

4Q VW—W?
W 50
VWA

4. Inthecircuit diagram shown to the right, the current was measured at 2 amps for

R;
position B and 6 amps for position C. What must the current be at position A? VY'Y
R,

Tl 1 I

| "% | 1 IV
5. In the circuit shown to the right, determine the following:
Resistor V I R Rl R2 R3
VAYAYA VAVAVAL e VAVAVA
R1 100 Q 100QQ 3000 500
R> 300 Q |
I
Rs 50 Q ENY
TOTAL ‘ oV ‘
6. In the circuit shown to the right, determine the following: Rl =4Q
Resistor V I R R, =60
R1 4 Q) \/\/\/\
R,=120Q

. - VWA

Rs 12 Q

TOTAL | 12V V,=12V' |




7. In the circuit shown to the right, determine the following:

: R
Resistor V I R 1
R; 3 Q 34
R 50 oV —— Rs“ZOQ Rz”SQ
R3 20 Q) R4
— —{
R4 2 Q 20
TOTAL oV

8. Thenon-ideal voltmeter measures a voltage of 4 V. What

is its resistance in ohms? C :
V I R

Voltmeter| 4V (R, =200 ——— R,= 200 —
R 20 Q
R, 20 O |
'lov
TOTAL 9V

9. Arresistor of resistance 0.12 Q is made from copper wire of radius 2 mm. Given that the resistivity of copper
is 1.7 x 108 Q m, determine the length of copper wire used to make the resistor.

10. What is the internal resistance for the battery shown?




10 - THERMAL PHYSICS

1. What is the boiling point of water in Kelvin?

2. A metal object with an initial temperature of 26°C is heated by 31 K. What is the final temperature of the
metal in °C?

3. If you have 0.4 kg of water (c = 4180 J kg™' K'") at 22°C and you put in a 90-gram chunk of an unknown
substance at 95°C. If the temperature equalizes at 25°C, what is the specific heat of the unknown
substance?

4. How much heat is needed to transform 0.3 kg of solid iron at 22°C into liquid iron at 1500°C?

Specific Heat of Solid Iron | 450 J kg"' K

Specific Heat of Liquid Iron | 820 J kg K

Latent Heat of Fusion 247 J kg™

Melting Point of Iron 1200 °C




5. An electric kettle is used to raise the temperature of 0.5 kg of water (c = 4180 J kg™ ' K"). If the kettle
supplies a constant 1700 W of power for 77 seconds, what is the expected temperature change in °C?

6. How fast (in m s™") are the molecules of a neon light moving at its operating temperature of 38°C? Each
atom of neon has a mass of 3.35 x 102¢ kg.

7. What is the force in Newtons holding a suction cup with a radius of 2.5 cm to a window? Use an
atmospheric air pressure of 1.00 x 10° Pa.

8. The molar mass of aluminum is 26.98 g mol™'. How many moles of aluminum atoms are there in a pure
aluminum can that has a mass of 14.9 grams?



9. What volume of gas contains 3.01 x 102 molecules of gas at 35°C at atmospheric pressure (1.00 x 10° Pa)?

10. You start with a floating piston that has a volume of 0.050 m? at a temperature of 15°C. If the temperature
is increased to 80°C, what is the new volume in m??

11. A block of iron (k = 74 W m™ K") connects two
thermal reservoirs. The block has a square cross-

Cross-section

section as shown in the image below. The hotter
reservoir is at a temperature of 367 K and the
colder reservoiris at a temperature of 282 K. The
rate of heat transfer through the iron block is
315 W. What is the length of the iron block?

4

11 - ATOMIC PHYSICS

Radioactive Decay

1. How many neutrons are there in ZggTh?



#2)??
The following is an example of beta positive decay: 6889 — (#2) As + + + v
34 (#3)7? e

2. What number should take the place of the green (#2)??

3. What number should take the place of the blue (#3)??

82 83 84 85 86 87 88 89 90 91 92
Pb Bi Po At Rn Fr Ra Ac Th Pa )

Lead Bismuth Polonium | Astatine Radon Francium Radium Actinium | Thorium [ Protactinium{ Uranium

4. What element would you have if an atom of Radon undergoes alpha decay?

5. What type of decay is shown going through this magnetic field?  Alpha, Beta, or Gamma?

®
x
®

Half Life

6. If it takes 12 years for 16g of a radioactive sample to decay into 4g, what is the half-life of the element in
years?

7. Radon-222 has a half life of about 4 days. How many grams of radon would be remaining from a fresh
240g sample after 20 days?



Mass Defect

8. Whatisthe mass defect per nucleon for Sufur-34 if it has 16 protons and a nucleus mass of 33.959083u?

Atomic Spectra

An electron jumps from the n = 3 level to the n = 1 level.

9. What is the energy (in eV) of the photon produced? n=m 0.00 eV
n=5 ool '05‘54 E‘V
n=4 l -0.850 eV
n=3 ¥ 151 Y
n=2 hLid -3.40 eV

10. What is the wavelength of the produced light in nm? n=1 136 e

12 - ASTROPHYSICS

1. The brightness of identical flashlights is measured. Flashlight A has a brightness of 100 W/m?2.If flashlight B
is twice as far away as flashlight A, what is its measured brightness?



2. The sun emits 3.84 x 10%®* W. Venus is 1.08 x 10" m from the sun with a radius of 6.052 x 10° m.
a. What is the solar intensity at Venus's orbital distance?
b. What is the average solar intensity on the surface of Venus?

3. Ablackball of radius 1.7 m can be considered to be a perfect black body radiator. If the temperature of the
ball is 350°C, calculate the following.

Temperature of the Ball (K)
Surface Area of the Ball (m?)
Power emitted by the ball (W)

o N T o

Peak wavelength of electromagnetic radiation emitted (nm)

4. Barnard's Star has the following stats
Parallax Angle = 0.543 arcseconds
Luminosity = 1.74 x 10 W

Calculate the following:
a. Distance (m)

x 10" m

b. Brightness (W/m?)

x 1072 W/m?

5. What is the most likely next step in the life cycle for our Sun?

6. What is the death outcome for our Sun?



7. What is the largest element that can be created through fusion in a massive star's core?

8. The diagram shows a simple model of the energy balance in the Earth surface-atmosphere system. The
intensities of the radiations are given.

incoming outgoing
reflected 340Wm- 240W 2
100Wm™
atmosphere
surface absorption surface radiation radiated by
240Wm-? 390Wm= atmosphere
surface

a. What is the average intensity radiated by the atmosphere towards the surface?

b. What is the albedo of the atmosphere?

9. If a main sequence star has a luminosity of 100 suns, what is its approximate temperature?

106 _
10* - . e
* L
Ill‘st:ar 102 | .
L 4 uE)
° 1004 * 5oun
. I..
[ ]
102 *ke
[ '}
104 - . ;
l l l I I
40000 20000 10000 5000 2500
temperature / K

10. A characteristic absorption line often seenin stars occurs at 500.7 nm. If the spectrum of a star has this line
at a measured wavelength of 503.2 nm what is the recession speed of the star?
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