PHYSICS FALL SEMESTER FINAL REVIEW PACKET ANSWERS
Energy, Momentum, Power:
1. Explain how energy, time, and power are related.  
a. Power is how quickly you perform work.  Work is how much energy you do for a particular job.  
Power = work  / time


2. As a pendulum swings back and forth, describe the energy transfer taking place:

a. As you pull up the pendulum, you give it potential energy.  When you release it, that energy is converted to kinetic energy.  KE is the highest at the bottom of the path, while PE is a maximum at the highest points on the path.
3. What is the potential energy of the rock at the top of the hill?

a. PE = mgh.  30 kg X 9.8 m/s2 X 15 m  = 4410 J


4. What is the average power output of a weight lifter who can lift 250 kg 2.0 m in 2.0 s?
a. Power = work / time.  Find work first!  Work = F X d = (250 kg) (9.8)(2m) = 4900 J / 2 seconds = 2450 Watts

5. In your OWN words, distinguish between gravitational potential energy and kinetic energy.

a. Grav. Pot. Energy (GPE) is stored energy created by lifting something against the force of weight, or against gravity.  KE is the energy of motion.  One is gained while the other is lost.

6. a. Calculate the kinetic energy of a 3kg toy car that moves at 4 m/s.

a. KE =  ½ mv2     =  24 J

7. A 50 kg block is dragged across the floor 5m by a 20 N horizontal force.  What is the work done on the block by the horizontal force

a. Work = F X d = (20 N) (5m) = 100 J


8. How many joules of PE does a 1000N boulder have at the top of a 5m ledge?  If it falls, with how much KE will it strike the ground?  What will be its speed at impact? 
a. PE = mgh = (1000 N, the weight is already there for you) (5m) = 5000 J.  
b. PE at the top = KE at the bottom, so, KE at impact would be 5000 J.  
c. Speed is solving for v.  KE =  ½ mv2     .  You are not given MASS, but you are given it’s weight, so you divide weight by 9.8 and you’ll get mass of 102 kg.  V = 9.9 m/s

9. Which has more momentum: A 3-kg brick moving through the air at 12 m/ or a 5kg cat moving in the same direction as the brick at a speed of 4 m/s.  

a. p = mv,  so, 3kg X 12 m/s = 36 kgm/s.     This is for the brick.  Now you solve for the momentum of the cat.  
5 X 4 = 20 kgm/s .  The brick has more momentum.

10. In order to catch a ball, a baseball player naturally moves his or her hand backward in the direction of the ball's motion once the ball contacts the hand. This habit causes the force of impact on the players hand to be reduced in size principally because 
a. The amount of time with which the force is delivered is increased.
11. In a physics experiment, two equal-mass carts roll towards each other on a level, low-friction track. One cart rolls rightward at 2 m/s and the other cart rolls leftward at 1 m/s. After the carts collide, they couple (attach together) and roll together with a speed of _____________. Ignore resistive forces.
a. This is an inelastic collision, where two separate objects collide and then become one single object moving at one speed in one direction.  
b. Using the inelastic collision equation  inelastic collision: m1v1(initial) + m2v2(initial) = (m1 + m2)v(final) we substitute values and solve for Vf which equals 0.5 m/s rightward.   This makes sense because the rightward cart was moving fastest, it should collide and continue moving in that direction, just slower.
NEWTON’S LAWS:

12.  State Newton’s 3 laws:

a. 1st Law (Inertia):  An object in motion stays in motion unless acted upon by an unbalanced force.  An object at rest stays at rest. 
2nd Law:  F = ma
3rd Law:  for every action there is an equal and opposite reaction

13. A baseball player hits a ball with a bat. The action force is the impact of the bat against the ball. What is the reaction to this force?  You are standing on the floor, what is the reaction force?
a. The player hits the ball with a bat, the reaction force would be the ball impacting on the bat.  These action / reaction forces are EQUAL and OPPOSITE.  
b. The floor is pushing up against you, otherwise, you would just fall through the floor.
14. Which one(s) of the following force diagrams depict an object moving with constant speed?
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To move with constant speed means zero acceleration.  Zero acceleration means that all the forces are balanced.  The only diagrams with balanced forces are A and C and so are the only ones moving at a constant speed. Diagram B has a net force of 5 N right and object D has a net force of 20 N right. 
15. Calculate the mass of a car that has a Weight of 5750 N on Earth.

a. Fw = mg   you know the Fw, you know g, solve for the mass (in kilograms!!!).  m = Fw / g   = 5750 / 9.8 = 587 kg


16. How much mass could you accelerate at 10 m/s2 using a force of 400 N?

a. F = ma, solve for m.  m = F/a   400 / 10 = 40 kg.

17. Don’t forget about vectors!!!!   If a plane travels West going 3 m/s, a gust of wind is going North at 4 m/s.  What is the resultant speed and compass direction of the plane?
a. This is a 3-4-5 triangle.  Using Pythagoras theorem we get 5m/s for the resultant.  The plane’s compass direction would be going NW.  
b. Vectors add tip to tail, however the resultant direction goes from the starting point to the end point.  
18. A person is sitting in the passenger seat of a car without a seatbelt. The driver is driving very fast and makes a sudden, sharp turn to the left. Draw a diagram to show what will happen to the person in the passenger seat. What part of the car do they collide with? What is the term from Newton’s first law that explain why this happens? 

a. The inertia of the passenger causes the passenger to continue in a straight line while the car turns to the left. The passenger will collide with the side door.  (dashed line = path of passenger, box = car turning)



KINEMATICS – MOTION

19. Calculate the acceleration of a car that can go from rest to 100 km/s in 10s.

a. a  = v/t   = 10 km/s2

20. A person walks every day for exercise, leaving her front porch at 9:00 A.M. and returning to her front porch at 9:25 A.M. What is the displacement of her daily walk?

a. Her displacement is ZERO.  She left from the front porch, and then returned to the same front porch.

21. What is the speed of a bobsled whose distance-time graph indicates that it traveled 100 m in 25 s?
a. V = d/t , 100 / 25 = 4m/s
22. Light travels in a straight line at a CONSTANT speed of 300,000,000 m/s. What is the acceleration of light?
a. Anything traveling at a constant speed has ZERO acceleration.  
b. The definition of acceleration is a ‘change’ in velocity.  
c. No change, no acceleration.
TRUE FALSE 
23. ______  1)  An object dropped to the ground on Earth is accelerated by the force of gravity  - TRUE

24. ______ 3)  Before an object is thrown from your hand, the only two forces acting on it are gravity pulling it down and your hand holding it up -- TRUE

25. ______ 4)  After an object leaves your hand, the only force acting on it (ignore air friction) is the force of gravity – TRUE!!!
26. ______ 6)  Acceleration of gravity on the Moon is more than the acceleration of gravity on Earth because the Moon is more massive than the Earth – FALSE, MOON IS LESS MASSIVE THAN EARTH

27. ______ 8)  A projectile is thrown upwards, the vertical velocity is the fastest when the maximum height is reached – FALSE, AT THE TOP VELOCITY IN THE Y-DIRECTION IS ZERO FOR AN INSTANT

28. ______ 9) Two round metal balls of different mass are dropped from the same height.  Ignoring air friction, the heavier ball always hits the ground first. – FALSE, ANYTHING OF ANY MASS DROP FROM ANY HEIGHT WILL HIT THE GROUND AT THE SAME TIME SO LONG AS THERE IS NO AIR FRICTION.

29. A rain drop hits the ground.  The impact velocity is 98.5 m/s. Neglect air resistance and assume the raindrop started to fall from rest. calculate the amount of time it takes the drop to hit the ground.  calculate how high up the raindrop was when it started to fall.

a. V = gt.  t = v / g, 98.5 / 9.8 = 10s to fall to the ground.  
b. Knowing time, we can calculate the original height it fell from.   
c. D = ½ gt2 , 490 meters.



30. The graph below shows the distance and time for a traveling object starting from the Zero point, or origin. Use the graph below to answer the next 4 questions. 1)  What happened right before 1 second?  , 2)  During which time segment(s) is the object moving forward?  3)  During which segment is the object not moving?  4)  Which segment is the object moving the fastest – BE CAREFUL!!
a. it slowed down.  2)  A and B is moving forward. 3)  segment C  4)  segment D is moving fastest and backwards. 5) distance = 0.75 m (5.25 to 6), time =about 3.2 seconds, therefore speed = 0.23 m/s
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31. 

32. 

33.  


34. 
35. F = (Gm1m2)/d2 = (6.673*10-11)(5.9742*1024)(2000)/(64000002) = (7.973*1017)/(4.096*1013) = 19465.33 N
36. Distance and Force are inversely related so when distance increases, Force will decrease. Distance is a squared quantity so when the distance doubles, the effect is that the bottom of the equation quadruples, or increases by a factor of 4, therefore the force decreases by a factor of 4. (=1/4 of original force). 

So far, we’ve learned a few basic principles of motion and some equations that help us analyze and predict motion.

Concepts of motion:

1) Distance is a scalar value.  It is the total amount of space traveled between two points.  It can only be positive or zero.

2) Displacement is a vector value, it is the shortest distance between two points.  It can be positive, zero or negative depending on the direction of its final motion.

3) Velocity is a vector value, it has both magnitude and direction.  Velocity is the change of distance measured over a period of time.  

a. V = d/t

b. Units are commonly meters / second or m/s, but could be any distance over any time such as miles per hour.

c. The slope of a displacement vs. time graph represents the object’s velocity.

d. Something with a “negative” velocity doesn’t mean it is slowing down, it simply means it is going in the opposite direction from the “positive” side.

e. If there is no change of distance, the object is standing still and not moving, therefore there is Zero velocity; this is still constant, but constantly zero.

f. A velocity vs. time graph that shows a horizontal line with zero slope is not accelerating, but it is still moving.  We call this “cruise control”.  

4) Acceleration is a vector value as well.  Acceleration is how quickly or slowly an object changes its velocity over time.

a. a = V/t

b. units are commonly meters / second / second or m/s2  , but could also be written in feet/s2
c. The slope of a velocity vs. time graph represents acceleration

d. Something with a “negative” acceleration doesn’t mean it is slowing down, it simply means the acceleration is pulling or pushing in the opposite direction from the “positive” side.  If the velocity sign is +, say, going “north” and the acceleration sign is – (meaning “south), then it will slow down.  But, I could have a situation where my car is going – (south), and my acceleration is also in the – south direction, if the signs are the same, I am speeding up.

e. In the horizontal direction, 1 dimensional motion ( ( , if there is no changing velocity, then we have constant velocity and zero acceleration.  Cruise control = zero acceleration.

f. However, in the vertical direction, up and down, we have the affect of gravitational acceleration on every object.  Therefore, even throwing something high above the ground, at maximum height it will have zero velocity but still have a vertical component (pointed downward) of acceleration due to gravity always being “on”.

5) Free fall motion is the motion of an object under gravity’s influence ONLY.  Either dropping a marble or throwing a marble.  Once the object leaves your hand it is under the will of gravity alone.

a. Distance down (or distance in the Y-direction) = ½ g(t) 2
Notice that you only need TIME to figure out how far an object fell…  easy!!!

b. A marble dropped from my hand will fall to the earth under an accelerating magnitude of 9.8 m/s2  = g .  We can round this to 10 m/s2  also, both are acceptable.

c. Mass doesn’t matter to an object in free fall.  Galileo and Newton both confirmed that objects under the same accelerating force fall at the same rate, no matter how massive they are.  We demonstrated this many times by dropping various objects from the same height to the ground, hitting the ground at the same time.

d. The only reason why objects on earth slow down as they fall to the ground is due to wind resistance ONLY.  Otherwise in a vacuum all objects hit the ground at the same time, remember the feather and the hammer video on the moon.

6) Projectile motion is motion in 2 dimensions, both horizontal and vertical.

a. The vertical component of an objects velocity is always under the influence of gravity and therefore it is either always speeding up (going downward) or slowing down (going upward).  

b. The horizontal component of an objects velocity is ALWAYS constant because there is no accelerating force acting on the object once it leaves the launcher or your hand.  Once it leaves the launcher, it is under the will of gravity alone.

c. REMEMBER!!  If two objects are dropped from the same height, they will hit the ground at the same time.  Even if one of the objects was thrown horizontally.  Time is the same in the X or Y direction.
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