This file contains examples of Tier 2 questions for the entire year.  Ignore questions on topics that have not been covered yet.  E-mail questions about the questions.  I will try to address as many as possible on Tier 2 Review days.  (Note: Tier 2 tests tend to focus on linking two different topics together using conservation of energy or force balancing.  So, don’t try to find just one equation to solve a problem, find a way to link two equations together.)

1. A solar panel orbiting the Earth is able to collect 100 W of power when it is not in the shadow of the Earth or Moon.  How much power would it likely be able to collect if it orbited near to Venus’s orbital distance (roughly half Earth’s distance)?


2. Redraw the following circuit with 1. an ammeter to measure the current through the battery, 2. a voltmeter to measure the voltage drop going through R1+R2, 3. a voltmeter to measure the voltage gain across the battery.

3. A student wants to measure the potential chemical energy in fire place logs.  His plan is the following: 

a. to cut out a 1cm x 1cm x 1cm cube of wood

b. set the wood on fire under 100 ml of water in a beaker

c. measure the change in temperature (and volume if boiling occurs) of the water with a thermometer

d. use the specific heat (and latent heat if boiling occurs) of water to calculate the energy released which should be roughly equal to the starting potential energy

What are two errors/flaws with this plan?  Select errors that would have different effects on the outcome (consider accuracy errors with overestimating or underestimating as well as precision errors).  Assume he makes all of his measurements carefully enough that the error there is insignificant.

4. A car traveling 60mph brakes to a stop in 5 seconds with a constant acceleration.  How far forward will it travel during the braking?

5. In a hydrogen atom, an electron orbits a proton.  The charges, masses and size of the atom can be measured by various experiments, but the velocity of the electron can not.  If the electron travels in a circular orbit, what would its velocity be?

6. A bike generator attached to the front wheel of a bike is used to power a 20W head light.  If a bike is coasting at 15 mph, how long could it from the head light before coming to a stop.  Assume the light’s energy usage is constant and no other forces act on the bike except what is needed to run the light.
7. Use the circuit diagram to the right.

a. What is the current generated by the battery at first? 

b. What is the current generated by the battery after a fair amount of time has past?  (Assume the circuit reaches a safe steady state.)

8. For the same circuit, show how to measure the current, voltage, and resistance of the capacitor (either by redrawing the diagram with appropriate meters or using math if direct measurement is not safe).

9. What is the order of the brightness of the lights from brightest to dimmest?  (Assume all the light bulbs are the same type.) 

(Use > and = signs to show order, 

  i.e. 1>2=3>4=5=6.)

10. A proton is shot into the magnetic field shown.  

a. Draw its path in the box to the right.


b. If a proton has a velocity of vp, a mass of mp, a charge of qp, and it exits the magnetic field 0.1 m from where it entered the field, what equations can be combine to tells the strength of the field and what is the final equation for the magnetic field?

11. What is the minimum time it will it take a 2,400 ohm resistor submerged in water to raise the temperature of 2 kg of water 10 degrees Kelvin?  The resistor is plugged into a 120V wall socket.  The water starts at 30 degrees Celsius.  There are no other sources of heat.  (For water, its heat of vaporization is 2.26x106 J/kg, its heat of fusion is 3.34x105 J/kg, and its specific heat is 4.18x103 J/kg K.)  (Numerical answer is optional.  Starting equations and final equation are required.)

12. A rubber band slingshot is used to fire a pebble vertically into the air.  

a. Sketch the displacement, velocity and acceleration graphs vs time for the pebble.  Start when the pebble is first released, through when it leaves the slingshot, travels to its top height and finally returns to its starting height.

b. For the same slingshot scenario, what is the spring coefficient of the slingshot if the total change in height of a 0.05kg pebble is 10m when the slingshot was stretched .4m to launch it? (Numerical answer is optional.  Starting equations and final equation are required.)
13. A speaker sits between two very long, parallel walls and facing directly towards one of the walls.  The speaker plays a single note.  As you walk away from the speaker, you notice that the volume seems to drop to very quiet every 1.4 meters.

a. What is the wavelength of the note the speaker is playing?  (Numeric Answer)

b. What is the smallest wall separation greater than 10 m that would make this phenomena possible?  (Numeric Answer)

c. 
What is the closest possible seperation of the speaker (the sound producing part) to a wall for volume shifting to happen best?

d. What are two longer wavelengths that would also create the volume shift effect (speaker may be moved)?

14. What is the order of the brightness of the lights from brightest to dimmest?  (Assume all the light bulbs are the same type.) 

(Use > and = signs to show order, 

  i.e. 1>2=3>4=5=6>7.)


15. An electron is shot into the magnetic field shown.  

a. Draw its path in the box to the right.


b. If the electron above has a velocity of ve, a mass of me, a charge of qe, and is traveling through magnetic field B, what strength electric field would be needed to make the electron fly straight?  Draw the direction of the electric field on the diagram.

16. An elevator starts at the 3rd floor of a building and travels to the 1st floor.  

Sketch the displacement, velocity and acceleration graphs vs time for the elevator.  Assume that when it is accelerating the acceleration is constant.

17. A marble, m1, is loaded into a pinball spring-shooter with a spring coefficient of ks and fired horizontally along a track with a circular loop in it with radius rl.  Just using arrows, label the direction and magnitude of the net force, normal force and weight for the four points shown.  Give formula for the magnitude of KE as well.  Assume no friction/energy loss.





  



18. A driver falls asleep at the wheel and slams into a parked car.  The two cars lock together and slide forward.  Assign appropriate variables to derive the formula for the speed of the sleepers car before the crash based on the length of the skid marks after the crash.  Assume tire friction is the only loss of energy after the collision.

19. If the battery is 12V and each resistor has a resistance equal to its number, what is the numeric value for the current through light bulb 3? 


20. An electron is shot between two charged plates of a capacitor shown.  

a. What direction is the force on the electron?

b. Draw its path in the box to the right.


c. The electron above has a velocity of ve, a mass of me, and a charge of qe.  The capacitor is charged with a voltage V.  The plates are separated distance d and the electron starts out halfway between them.  What is the maximum KE the electron can gain from the capacitor?

21. In outer space (aka ignore gravity and air friction), a block with mass ‘m’ is swung around in a circle on a rope that is tied to a spring.  What is the block’s velocity if the length of the rope and spring together is ‘r’ and the spring has been stretched a distance ‘s’?
22. A block with mass ‘m’ is distance ‘d’ from the edge of a table.  If it has velocity ‘v’ initially, how much does the block’s kinetic energy change by the time it reaches the edge of the table?

23. Same problem as above, how much does the block’s momentum change?

24. As you walk at a pace of 16 steps per 10 seconds with a cup of water, you notice that the water sloshes back and forth with a large enough amplitude to risk it splashing out of the cup.  You recognize this as a standing wave phenomenon with the water wave in its primary harmonic.  If the cup is 7cm in diameter, what is the numeric value for the velocity of the wave?  (Also, what is the easiest solution to this problem?



)

25. You use mirrors to collect all the energy created by a 60W light bulb and focus it on a hamburger patty.  How long will it take to cook the patty – raising its temperature from 23 C to 72 C.

26. A monkey leaps between trees.  While in the air

	
	Net work done on the monkey is
	Acceleration is

	A
	Going up – positive

Going down – negative 
	Going up – positive

Going down – negative

	B
	Going up – negative

Going down – positive
	Going up – positive

Going down – negative

	C
	Going up – positive

Going down – negative
	Going up – negative

Going down – negative

	D
	Going up – negative

Going down – positive
	Going up – negative

Going down – negative

	E
	Going up – negative

Going down – negative
	Going up – negative

Going down – negative


27. The 9 and 10cm mark on a standard centimeter ruler are shown.  Which recorded value is the most correct for the location of the shaded object’s right end?

a. 10 cm

b. 10. cm

c. 10.0 cm or 100. mm

d. 9.97 cm or 99.7 mm

e. 9.973 cm or 99.73 mm

28. A motion cart is against a spring, which is attached to a wall on the other end.  The spring has a coefficient of 3 kg/s2 and it has been compressed 4cm.  When the spring is released the cart is accelerated forward along a horizontal floor with an initial velocity of 2 cm/s.  What is the mass of the cart?

a. 1.5 kg

b. 3 kg

c. 6 kg

d. 9 kg

e. 12 kg

29. A 15kg rock hanging from a spring stretches the spring .25m.  What is the spring’s coefficient?

a. 3.75 kg/s2
b. 37.5 kg/s2
c. 60 kg/s2
d. 600 kg/s2
e. 4800 kg/s2
30. A frictionless 100 kg roller coaster rolls down a straight track that is 30m high and 50m long.  The bottom of the straight track connects to a loop with a radius of 10m.  What is the net centripetal acceleration provided by the track when the roller coaster first enters the loop?

a. 30 m/s2
b. 50 m/s2
c. 60 m/s2
d. 100 m/s2
e. 6000 m/s2
31. A refrigerator runs at a temperature of 4 Celsius (277 kelvin).  A 5 kg cup of room temperature water, 24 Celsius (297 kelvin) is places in the refrigerator. By how much is the entropy changed in the refrigerator as the cup is cooled to 277 kelvin?  (Note: Specific heat of water is 4180 K J/kg and the cup can be ignored.)

a. 15,00 J/K

b. 21,000 J/K

c. 22,000 J/K

d. 418,000 J/K

e. 6,200,000 J/K

32. A man pushes a 100kg box with a force of 100N along a conveyor belt.  The block accelerates at a rate of 0.2 m/s2.  What is the conveyor belt’s coefficient of friction?

a. .02

b. .08

c. .2

d. .8

e. 1

33. Two lumps of clay slide along a frictionless surface, collide and stick together.  The first lump has a mass of 2.2kg and a velocity of 3.2m/s.  The second lump has a mass of 0.12 kg.  After they stick together their velocity is -1.0 m/s.  How much energy was lost in the collision?

34. A 123 kg car rolls down a ramp shown.  If the only forces acting on it are gravity, normal, and friction, how far will the car rise up vertically on the other side?  The force of friction is a constant 15N going down hill and nothing after that.

35. A 45 kg jumper on a trampoline jumps repeatedly to a height of 3.0 m.  On each jump the trampoline is depressed .3 m from equilibrium.  What is the approximate maximum force that the trampoline exerts on the jumper?

36. The entropy of a cube of copper is increased by 150 J/K when placed on a counter.  If its starting temperature is 280 K and ending temperature is 281 K, what is the mass of the cube?  The specific heat of copper is 385 J/(kg K).

37. A point source of light’s luminosity quadruples.  How will I have to change my position in order for the light sources brightness to seem unchanged?

38. An 85cm string is plucked with a frequency of 440 Hz.  What speed are the waves traveling in the string?

39. A 1100 kg car tries to make a turn around a corner with a radius of curvature of 25m at a speed of 12 m/s.  What force of friction is necessary for the turn to succeed?

30. If gravity had the same strength as the electric force, what would the acceleration of gravity be near Earth’s surface?  Earth’s mass and radius are 6.0x1024 kg and 6.3x106 m.  You may assume your mass is 100 kg.

a. 1.3 x 1023 m/s/s

b. 1.3 x 1021 m/s/s

c. 9.8 m/s/s

d. 7.3 x 10-18 m/s/s

e. 7.3 x 10-20 m/s/s

31. A man pushes a 100kg box with a force of 100N along a conveyor belt.  The block accelerates at a rate of 0.2 m/s2.  What is the conveyor belt’s coefficient of friction?

a. .02

b. .08

c. .2

d. .8

e. 1

32. If the electric field at a point in space 3m to the left of a positively charged object is 150 N/C.  What force would act on a 9 C negative charge at this point?

a. 150 N left

b. 1350 N left

c. 150 N right

d. 1350 N right

e. can’t be determined without the magnitude of both charges

33. A monkey jumps straight up into the air to grab an apple from a tree.  At the top of his jump, what is true about displacement, velocity, and acceleration?  

a. x > 0, v > 0, a  > 0  

b. x > 0, v = 0, a  > 0  

c. x > 0, v = 0, a  = 0  

d. x > 0, v = 0, a  < 0  

e. x > 0, v < 0, a  < 0

34. On a guitar with a neck that is .80 m long plays a 278 Hz note when you pluck a particular string.  What is the velocity of the standing wave in the guitar string and in the air?

a. 220 m/s, 220 m/s

b. 220 m/s, 330 m/s

c. 330 m/s, 330 m/s

d. 440 m/s, 330 m/s

e. 440 m/s, 440 m/s

35. A frictionless 100 kg roller coaster rolls down a straight track that is 30m high and 50m long.  The bottom of the straight track connects to a loop with a radius of 10m.  What is the net centripetal acceleration provided by the track when the roller coaster first enters the loop? (assume no friction)

a. 30 m/s2
b. 50 m/s2
c. 60 m/s2
d. 100 m/s2
e. 6000 m/s2
36. A car is traveling at a speed of 60mph on the freeway, but is forced to slow to a speed of 40mph by a traffic jam.  How much will the brake disks, with a mass of 1kg heat up if they do all the work stopping the car and are not able to dissipate any heat to their surroundings?

37. In outer space, a 3kg mass with a positive charge of 400 x 10-6 C is attached to a spring that has been compressed .2 m.  When when the spring fires the object how close may it approach a second charged sphere with charge 2 C. (Assume both the spring and 2nd object can not move.)
38. Draw a motion diagram (like fig 6-2 or 6-3) for the horizontal and vertical velocity components for the projectile that starts with vx = 20m/s and vy= 20m/s.  Show the position and velocity of the projectile every second for 4 seconds.



vy


vx
39. A ball rolls off a counter at 8 m/s.  The counter is 20m off the ground.  How far forward will the ball travel in the air before it lands? (Show work)

40. A car lands 24m forward from the edge of a cliff.  If the cliff is 80m high, how fast was the car going when it fell? (Show work).
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