AP Physics B:
Summer Review Assignment (3%)
Name:


Part I:  Variation

Introduction

In physics and other sciences, many experiments are performed to obtain or test a relationship between two variables (manipulated and responding). Once the evidence is collected and analyzed, the relationship is expressed clearly and concisely using the concepts and language of mathematics. The mathematics topic of variation is a powerful tool not only to summarize a relationship but also to predict values believed to satisfy a known variation; i.e., to solve problems.

Types of Variation

In general, if y “varies” in some way with x then the symbol “” is used. The variation may also be written as an equality, where “” is replaced by “= k”.  The constant of variation, k cannot be equal to zero.
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Joint Variation

A variable, y, may vary in some way with more than one quantity; e.g., with x and z. To communicate a joint variation any number of variables may be combined by multiplying the ‘x-term” of the variations discussed above.

If y varies directly with x (y  x) and y varies directly with z (y  z) then y varies jointly 

with x and z (y  xz).

Ex. 1:
The distance an object falls from rest varies jointly with the acceleration and the square of the time.


d  a  and d  t2   therefore, 
d  at2
   or 
d = kat2   (empirically k = 1/2)

Ex. 2:
The gravitational force between two objects (e.g., Earth and Moon) varies jointly with the mass of each object and the inverse squared distance between them.

F  ME

F  Mm

F  1/r2
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Where G is the constant of variation (Universal gravitation constant)
Problem Solving – Formula Method

For many scientific laws and generalizations the constant of variation is known and is

often given a different symbol related to the concept involved.


E.g., “the distance traveled varies directly with time”, d  t or d = kt is usually written as d = vt where v represents a constant speed.


E.g., “the kinetic energy varies directly with the square of speed”;

Ek  v2 or Ek = kv2 more specifically, 
[image: image7.wmf] where k = 1/2 m.

Many “formulas” in science are like these examples. It is a fundamental belief in science that the constant of variation can be expressed in terms of actual properties of the objects or systems studied. Once a variation is determined experimentally, attempts are made to determine the scientific significance of the constant. The majority of the problem solving in physics requires that the formula (specific variation) be identified by reference or memorization. AP Exams require the following procedure.

1. Write the correct formula.

2. Substitute quantities with units.

3. Solve for the unknown quantity and express final answer with correct units and certainty.

This procedure also requires that all numbers be kept “in your calculator” until the final answer is rounded to the appropriate number of significant digits.

· Note that in a few isolated cases you may need to develop a “formula” by solving for the constant of variation, k. This constant can then be used to solve the equation for other values that satisfy the variation.

Variation Exercise (20 marks)

1.
The area of the surface of a sphere varies directly as the square of its radius. The area of the surface of radius 7.00 cm is 616 cm2. Find the area of the surface of a sphere of radius 8.00 cm.

2.
A radio station is broadcasting on a wavelength of 375 m and has a frequency of 800 kHz.  The frequency varies inversely as the wavelength. What is the frequency of a station that has a wavelength of 1600 m?

3.
The volume of a sphere varies as the cube of its radius. If the volume of a sphere of radius 3.00 cm is 108 cm3, what is the volume of a sphere of radius 5.00 cm?

4.
The attraction between a magnet and a bar of iron varies inversely as the square of the distance between them. The attraction is 2.0 units when the distance is 3.0 cm. What is the attraction when the distance is 1.0 cm?

5.
The volume of a mass of gas varies directly as its absolute temperature and inversely as the pressure applied to it. A gas occupies a volume of 200 mL when the temperature is 300 K and the pressure is 900 kPa. Calculate the volume of the same gas when the temperature is 400 K and the pressure is 800 kPa.

6.
On a wet surface, the distance a car travels while braking is related to its initial speed at the time of braking. For example,



distance (m)
5.6 
22.5
35.2
90.0
113.9



speed (km/h)
20
40
50
80
90

(a) Plot a graph with the manipulated variable on the horizontal axis and the responding 

variable on the vertical axis.

(i)  What is the relationship between distance and speed?

(ii)   Determine the constant of variation algebraically using the information in the table.


(b)    Plot a graph of d versus v2 and draw a best fit straight line.


        (i)  Determine the slope of the line and compare with your answer in (a)(ii).

7.
A sports team marked out a course for its daily workout that included a variety of activities such as bicycling and jogging.



Speed (km/h)
16
8
4
2



Time (h)
1
2
4 
8

(a) Draw a graph of speed versus time.

(b) What is the simplest form of the variation suggested by this data?

(c) Using your answer to (b) and a new table of values, draw another graph to obtain a straight-line relation. Draw the best-fit straight line.

(d) Determine the slope of this line and write the equation of the line.

Answers

1.  805 cm2
 2.  188 kHz
3.  500 cm3
4.  18 units
5.  300 mL


7.  m = 16 km, vt = 16 km

Part II:  Mechanics
Uniform Motion

Distance is the separation between two positions.

Displacement is the change in position of a body and it has both magnitude and direction.

Velocity is the rate of change of position.

An objects initial position, di, its constant average velocity, v, its position, d, and the time, t, since the object was at its initial position are related by a simple equation.  
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Uniform Acceleration

Acceleration is the rate of change of velocity.

A free-falling body is a special case of uniform acceleration where the object is falling at a rate of 9.81 m/s2 (towards the center of the Earth).

Position, time, velocity and acceleration are mathematically related by the following equations.
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Projectile Motion occurs if an object is moving vertically under free-fall but also moving horizontally at a uniform rate. The vertical and horizontal components of the projectile’s velocity and displacement can be analyzed independently.

Position-time and Velocity time Graphs

The position-time graph for an object moving with uniform motion will be linear.

The position-time graph for an object moving with uniform acceleration will be parabolic.

The velocity-time graph for an object moving with uniform acceleration will be linear.

The slope of an object’s position-time graph is the average velocity of the object’s motion.
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The area bounded by the horizontal (t-axis) and the graph of velocity-time represents the change in position of an object.  The slope of the velocity-time graph is the average acceleration of the object’s motion. 
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Vectors

A vector is a quantity that is expressed using both a magnitude and a direction.

Directions can be communicated algebraically (+/-), common references (left, right, up, down), using compass notation (N, S, E, W), or using trigonometry (angle in standard position).

Vectors are adding using the “head-to-tail” method, were the head of the first vector arrow joins the tail of the 2nd vector arrow and so on. The resultant vector is drawn from the tail of the first vector to the head of the last.

For example, the “addition” of two displacements, 10 km [E] and 10 km [S] will yield a vector sum (dR) of 14 km.






  d1 = 10 km








d2 = 10 km





       dR = 14 km

Forces

Newton’s First Law states that in the absence of a net (unbalanced) force an object will persist in its original state of motion (either continue in uniform motion or remain at rest).

Newton’s Second Law: the acceleration of a body varies directly as the unbalanced force acting on it and inversely as the mass of the body.

Newton’s Third Law: Forces occur in pairs and for every action (force) there is an equal and opposite reaction (force).

Forces such as friction and weight frequently affect the motion of objects. For example, the net force on an object can be found by 


[image: image14.wmf]
or
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It is important to note the direction of each force in order to perform the correct algebraic operation.

Work, Power and Energy 

Work is the transfer of energy. (W = Fd) Work is done if force and displacement act in the same direction.

Work done on a body can increase the kinetic energy (
[image: image16.wmf]) or potential energy (
[image: image17.wmf]) of an object.

Mechanical energy is defined as the sum of potential and kinetic energy at any given point in a system. In a conservative system mechanical energy is conserved.

Power is the rate of doing work or the rate of transferring energy (
[image: image18.wmf])

Gravitation

All masses have a gravitational field (
[image: image19.wmf]) surrounding them and are capable of exerting gravitational forces other masses in this field.

Newton’s Law of Universal Gravitation (
[image: image20.wmf]) defines the force of attraction between masses anywhere in the universe.

Momentum

Momentum is defined as 
[image: image21.wmf] and is a basic property of masses in motion. In all collisions between objects the sum of the momentum of the system is a constant (Law of Conservation of Momentum).
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Mechanics Exercise (Each questions is worth 3 marks for a total of 36 marks)

1.
The graph to the right shows the position versus time for two cars traveling on a straight highway.

a. What can you determine about the

relative direction of travel of the cars?

b.
At what time do they pass one another?

c.
Which car is traveling faster? Explain.

d.
What is the speed of the slower car?

2.
Use the velocity-time graph below to calculate the following.
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a. What is the acceleration between the points on the graph labeled A and B?

b. What is the acceleration between the points C and D?

c. How far does the object travel between in 80.0 seconds?

3.
Anna walks off the end of a 10.0 m diving platform.


a. How long does it take her to reach the water?

b. What is her velocity when she reaches the water?

c. If she reaches a maximum depth of 3.50 m find the stopping acceleration provided by the water.

4.
A cart is moving along a level table top at a speed of 5.00 m/s when it reaches the table edge. If the table surface is 1.00 m above the floor how far from the base of the table does the cart hit the floor?

5.
A large helicopter is used to lift a heat pump to the roof of a new building. The mass of the helicopter is 

5000 kg and the mass of the heat pump is 1500 kg.

a. How much force must the air exert on the helicopter to lift the heat pump with an acceleration 

of 1.5 m/s2?

b. Two chains connected to the load each can withstand a tension of 15 kN. Can the load be safely lifted at 1.5 m/s2? Justify your answer.


6.
To get a cart to move, two farmers pull on ropes attached to the cart, as shown. 

One farmer pulls with a force of 50.0 N in a direction 35.0o east of north, while 

the other exerts a force of 30.0 N in a direction 25.0o west of north. Find the 

magnitude and direction of the net force acting on the cart.

7.
A small plane takes off and flies 12.0 km in a direction southeast of the airport.

At this point, following the instructions of an air traffic controller, the plane turns 20.0o to the east of its original flight path and flies 21.0 km. What is the resultant displacement of the plane from the airport?

8.
An airboat glides across the surface of the water on a cushion of air. The mass of the boat and its passengers is 450 kg.  

a. If there is no friction, how much force must the propeller fan generate to accelerate the boat 

at 5.0 m/s2?

b. If the actual acceleration generating the force in part a. is only 4.95 m/s2, how much friction does the air cushion exert on the boat?

c. What is the upward (normal) force exerted by the air cushion on the boat?

9.
The mass of Earth is 5.97 x 1024 kg, the mass of the Moon is 7.35 x 1022 kg, and the mean distance of the Moon from the center of the Earth is 384 Mm. What is the magnitude of the gravitational force exerted by Earth on the Moon?


10.
Two cars enter an icy intersection. A Nissan car with a mass of 2500.0 kg is heading East at 20.0 m/s, and a Toyota car with a mass of 1450.0 kg is going North at 30.0 m/s.

a. Which car has the greater momentum? Justify your answer.

b. The two vehicles collide and stick together. Determine the speed and direction of the cars as they skid away together just after the collision.

11.
A 450 kg roller-coaster car starts from rest a point A at a height of 47 m, rolls down the track, reaching point B at a speed of 25 m/s.

a. What are the energy losses due to friction in the system between points A and B?

b. Assuming the percentage of energy loss is fairly constant along the track how high will the car reach after it stops at point C?


















     H

12.
A ski lift carries a 75.0 kg skier at 3.0 m/s for 1.50 minutes along a cable that is inclined at an angle of 40.0o above the horizontal. 

a. How much work is done by the ski lift?

b. What is the power output by the ski lift motor?

Answers

1. d. 20 km/h
2.  a.  15.0 m/s2, b.  –30.0 m/s2, c.  17.5 km
3.  a.  1.43 s, b. 14.0 m/s, c. –28.0 m/s2
4.  2.26 m
5.  a.  73 kN, b.  yes, but prove it
6.  70.0 N at 76.8o north of east

7.  32.5 km, 31.8o south of east
8.  a.  2.2 kN, b. 22 N, c.  4.4 kN
9.  1.98 x 1020 N

10.  a.  the Nissan, b.  16.8 m/s 41.0o north of east
11.  a.  67 kJ lost, b.  21.6 m
12.  a.  0.128 MJ, b.  1.42 kW

Total:
56 marks

Due:
August 29th, 2010

Reading

1.
Remember to pick up a copy of an AP Physics B Review/Study Guide


(Princeton Review, Barron’s etc.)

2.
A good read (recommended by my Physics teacher discussion group) is 


The Cartoon Guide to Physics, by Gonick & Huffman. This is supposedly 
light hearted and humorous but it is not required reading.

Questions, comments, concerns? I can be reached via email at ksage@asd.edu.qa
However, my access to email will be limited until August 15th, so I cannot promise quick or consistent communication.
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