Physics 100 Final 
Spring 2009
Dr. Edward Rhoads

______________________________________ Name (5 pts)
Multiple Choice (3 points each):

Please circle your answers.
Good luck!  

1) The friction force on a bicycle is 100 Newtons (backwards).  The bicycle with rider has a weight of 700 Newtons.  If you ignore air resistance what magnitude of force does the cyclist need to maintain in order to ride at a constant velocity?

a) 0 Newtons

b) 100 Newtons

c) 600 Newtons

d) It is impossible for the cycler to maintain a constant velocity because of the frictional force.
2) You throw a rock straight up into the air with an initial velocity of 50 m/s up.  7 seconds later what will the velocity of the rock be?
a) 50 m/s up
b) 50 m/s down
c) 20 m/s up
d) 20 m/s down
3) An untethered 90 kg astronaut applies a 900 N force onto a 9000 kg spacecraft which is in high orbit around the earth (1000 miles above the surface).  Which of the following would probably not happen?
a) the astronaut will be accelerated at a rate of 10m/s2 

b) the spacecraft will be accelerated at a rate of 0.1 m/s2 
c) the spacecraft will escape from the untethered astronaut unless he does something to prevent this
d) the astronaut will reenter the earth's atmosphere and burn up
4) In which case will momentum NOT be conserved?

a) Rear end collision

b) Head on collision

c) Side impact collision

d) momentum will be conserved in all of these cases

5) A light bulb with a power of 100 Watts is turned on for 2 hours.  How much energy does that light bulb consume?

a) 50 Watt-hours

b) 100 Watt-hours

c) 200 Watt-hours

d) light bulbs consume power and not energy

6) You discover an object orbiting at a distance of 100 AU from the sun.  What is its orbital period?

a) 100 years

b) 300 years

c) 1000 years

d) 10000 years

7) An ice cube of mass 10 grams is set into a glass of an unknown liquid which is brim full.  If the density of the liquid is 1.25 times the density of water then what is the mass of unknown liquid which spills out of the glass?

(A) 8 grams


(B) 10 grams



(C) 12.5 grams




(D) all of the liquid will spill out

(E) none of the liquid will spill out

8) Which of the following is the same type of wave as a radio wave?
(A) gamma ray

(B) ocean wave

(C) sound wave

(D) all of these are the same type as a radio wave

(E) none of these are the same type as a radio wave
9) You have two plastic insertion rods.  The first has a length of 10 m and a radius of 0.1 m.  The second has a length of 2 m and a radius of 0.5 meters.  Which has a higher resonance frequency?

(A) the 10m rod

(B) the 2 m rod

(C) the two rods have the same resonance frequency

(D) since they are made of plastic, neither rod has a resonance frequency

(E) none of the above

10) An electron is moving in the x direction in a magnetic field with direction y.  Of the following which is the most likely direction for the magnetic force at that moment?
A) x axis

B) y axis

C) z axis

D) there will be no magnetic force

E) it is impossible to tell from the data given

11) Which of the following statements is true for the earth’s magnetic field?

A) It is created by the rotation of the planet

B) It provides a force field around the planet which block fast moving charged particles

C) We humans would not be on planet Earth today if the earth did not have a magnetic field.

D) A-C are all true

E) None of the above are true

12) Which of the following is NOT true?

A) Changing magnetic fields induce currents

B) Induced currents induce magnetic fields

C) Most of the electricity produced in the USA comes from somehow inducing a current in a wire in a magnetic field

D) Transformers do not work in areas where magnetic fields change
E) A-D are all true

13) Light shined through a pair of slits will:
A) Diffract  

B) Refract

C) Reflect

D) Produce total internal reflection

E) Polarize

14) Which of the following laws of physics causes rainbows to form:

A) different colors of light travel through water at different frequencies

B) different colors of light travel through water at different speeds

C) different colors of light travel through water at different changes of energy

D) different colors of light travel hit the water at different angles

E) different colors of light bend at different angles when passing through the water

15) Suppose a light photon of wavelength Y has an energy E.  What is the energy of a light photon with a wavelength of 2Y (that is twice the wavelength)?

A) E

B) 2E


C) E/2

D) 4E 


E) E/4

SHORT ANSWER: (25 points each)

Be sure to answer every part of every question.  Be sure to label the parts of questions you are answering.  Be sure to show work and include units and directions.  Lowest 2 scores will be dropped but you should attempt all parts of all questions.
1) A transformer near a home blows.  You are hired to replace the transformer.  Households use a voltage of 120 V.  The power line had a voltage of 1200 V.  
A) Is this a step up or a step down transformer?  How can you tell?

B) The part of the transformer that is connected to the power line has 50 loops.  You have to install the loops on the side that will connect the household.  How many loops should you use?

C)  Suppose that the house uses a total power of 4000 Watts.  What is the current the house uses?

D) What is the power the transformer will draw from the power grid?

E)  What is the current the transformer will drawn from the power grid?

2.  Sunlight travels through air and into a small pond of water.  
A) If light travels at 2.0 * 108 m/s inside the water then what is the Index of Refraction for the water?

B) If light travels at 3.0 * 108 m/s inside the air then what is the Index of Refraction for the air?

C) Suppose the sun is in the sky such that the angle the light hits the water is 20 degrees.  What is the refraction angle inside the water?  Assume the angle will only change by plus or minus 40%.

D) The light then reflects off the bottom of the pool.  However, the pool is not flat and so the light leaves the pool at an incidence angle of 50 degrees.  If the angle only changes by 40% then what will the refraction angle in the water be?

E)  Suppose that later in the day after the sun had moved in the sky the light reflecting off the bottom of the pool and exiting the water was 80 degrees instead.  What would the refraction angle be and explain why that is?

3) Tortoise vs. the Hare rematch.
There are 2 rocket cars.  The first is called the Hare.  The Hare starts out every race at a velocity of 150 m/s.  The 2nd car is called the Tortoise.  It starts out at rest but accelerates for the entire race.  In this match the Hare has decided to hold the race on ice.
A)  If there is no friction or wind resistance and the lake is 8500 m across then how long will it take the Hare to get to the other side.  The Hare does not bother to use his engines once the race starts and he gets to 150 m/s.  Explain why Newton’s first law allows you to arrive at this conclusion (momentum law). 
B) The Tortoise has a mass of 500 kg and has a jet engine which thrusts air out of the back.  If the car exerts a force of 2500 N backwards on the air then what is the force that the air exerts on the car.  How does Newton’s 3rd law allow you to arrive at this conclusion?  
C) What is the acceleration on the Tortoise?  

D) However, the race isn’t for the full length of the lake, but just a part of it.  

The tortoise takes 29 seconds to finish the race.  What is the length of the racecourse?  
E) Which car wins the race? 

BONUS (2 pts if you can get it): If the race was a long race at what distance would the Tortoise pass the Hare?
4)  Take me to the moon!
A spacecraft launches for the moon at 2 * 104 m/s.  The mass of the spacecraft after launch is 6000 kg.  

A) What is the momentum of the spacecraft?

B) If the rocket that launched it had a mass of 180,000 kg then what was the velocity of the fuel (assume the mass of the fuel is 180,000 kg)?

C) What is the kinetic energy of the spacecraft?

D) What is the gravitational force from the earth on the spacecraft when the spacecraft is at a distance of 1.0 * 108 m (mass of the earth is 6 * 1024 kg)?

E) The well built spacecraft is hit by an asteroid which is traveling at 3 * 104 m/s in a direction opposite to the spacecraft.  The asteroid bounces off of the spacecraft and ends up traveling 3 * 104 m/s in the same direction as the spacecraft after the collision.  If the mass of the asteroid is 600 kg then what is the change in velocity of the spacecraft due to the impact?  HINT:  how does the change in momentum of the asteroid compare to the change in momentum of the spacecraft?
5.  In the distant future mankind finds a world different than earth, but with the same gravity and atmospheric pressure.  There is an ocean of unknown liquid which is just as dense as water (density of water = 1000 kg/m3).  Luckily for the earthlings their spaceship can also be used as a submarine (it was designed to explore gas giants after all).  The volume of the ship is 325 cubic meters and it has 200 square meters of surface area.  The well constructed hull allows it to survive an inwards force of up to 4.2 * 1012 N.

A) When the craft is fully submerged what is the buoyancy force on the craft?

B) To what pressure can the craft dive?  What depth would the craft need to dive to reach this pressure?

C) The speed of sound in this liquid is 2000 m/s.  If the craft is on the surface and the bottom of this ocean is 5.2 * 105 m down then how long would it take a sound pulse to travel from the craft to the bottom of the ocean?

D) Warning Will Robinson!  There are intelligent aliens on this world!  They seem to have some sort of electromagnetic tractor device.  Somehow they create a net 600 C charge on the exterior of the submarine.  The device has a -400 C charge on it and is 100 meters above the submarine.  What is the electric force on the craft?  

E) What is the electrical potential energy between the device and the craft?

6.  Diffraction and light.  

Photons with wavelengths of 3 * 10-6 m (3 microns) are passed through a pair of slits.  

A) What are the energies of these photons?

B) At a certain point on the screen is 4.5 microns closer to the first slit than the 2nd slit.  Will this point be a bright spot or a dark spot and why?

C) At a certain point on the screen is 9 microns closer to the first slit than the 2nd slit.  Will this point be a bright spot or a dark spot and why?

D) The energy of a certain photon of light is 4.6 * 10-17 J.  What is the wavelength of this photon?

E) Choose one of the following:  building a magnet, creating a hologram, or how we generate most of our electricity (the actual electricity not the energy that is converted).  Explain how it is done.

7.  CHALLENGE QUESTION

Let us suppose an electron is in a magnetic field (the charge of an electron is given in the equations sheets).  The initial velocity of the electron is 100 m/s and the velocity is on the y axis.  The magnetic field has strength of 0.05 T and is along the z axis.

A) Describe the shape of the electron’s travel path.  

B) What is the magnitude of the force on the electron?

C) On what axis is the force (not looking for sign) – note the 3 axis are x, y, and z?

D) Suppose an outside force (such as gravity) pulls on the electron so that it has a part of its velocity that is parallel to the magnetic field.  What will the shape of the electron’s travel path be now and why is it a different shape than what you had for question A?
Final Exam Formulas and Constants
force = mass * acceleration     

acceleration = force / mass

mass = force / acceleration

weight = mass * gravitational acceleration

distance = average velocity * time                

time = distance /  average velocity    

average velocity = change in position / time

acceleration = change in velocity / time


change in velocity = acceleration * time
time = change in velocity / acceleration

distance = 1/2 acceleration * time * time

gravitational acceleration on the surface of the earth = 10 m/s2
change = new – old

momentum = mass * velocity

total momentum = mass * velocity for each object added up

total momentum before collision = total momentum after collision

change in momentum = mass * change in velocity

change in momentum = force * time = mass * change in velocity

work = energy transferred = force * distance

kinetic energy = ½ mass * velocity * velocity

gravitational potential energy = mass * gravity * height

power = work done / time

angular distance = angular velocity * time

velocity (linear) = radius * angular velocity (in radians/second)

angular momentum = inertia * angular velocity

change in angular velocity = angular acceleration * time

Torque = force * distance from rotation point = Inertia * angular acceleration

centrifugal force = mass * velocity * velocity / radius

Gravity Force = G * Mass1 * Mass2 / (distance * distance)
G = constant = 6.67 * 10-11 N m2 / kg2
Orbital velocity (sun) = (30 km/s) / [distance (in AU)]1/2

Note:  the ½ power is a square root
Escape velocity = 1.4 * orbital velocity

Period2 = constant * semi major axis3

Pressure = Force / Area 



Force = Pressure * Area
Water Pressure = 1 * 105 Pascals [1 + (depth / 10 meters)]

Density = Mass / Volume        Mass = Density * Volume           Volume = Mass/Density
Pressure = 1 * 105 Pascal - 1/2 * density * fluid velocity * fluid velocity
Buoyancy force = weight of liquid displaced
Period = 1 / Frequency

Wave speed = wavelength * frequency

Observed wavelength = Emitted wavelength * [1 – (velocity / wave speed)]

k is a constant, and is 9 * 109 N m2 / C2
Electric Field = Force / charge

Force = -k charge1 * charge 2 / (distance * distance)

Potential Energy = k * charge1 * charge 2 / distance

Voltage = Current * Resistance

Voltage for a circuit = Current for circuit * Resistance for Circuit

Voltage for a component = Current for component * Resistance of component

Power = current * voltage

Reff = R1 + R2 + R3 + R4 + …

1/Reff = 1/R1 + 1/R2 + 1/R3 + ….

If only 2:  Reff = (R1 * R2) / (R1 + R2)

ibranch = V / Rbranch
itotal = V / Rtotal

magnitude of electron and proton charge = 1.602 * 10-19 C

mass of electron = 9.11 * 10-31 kg 

mass of proton = 1.67 * 10-27 kg

speed of light = 3.0 * 108 m/s

Force = charge * Velocity X Magnetic Field

N = number of loops

Voltage1 / Voltage2 = N1 / N2                       N1 = N2 * (Voltage1 / Voltage 2) 

Current1 / Current2 = N2 / N1 

Index of refraction = speed of light in vacuum / speed of light in substance

Energy = h * frequency = h * speed of light / wavelength    

h = 6.6 * 10-34 J*s 

