1. The vector A is shown.  What are AX and Ay?
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A: AX = A cos(; Ay = -Asin(
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B:  AX = A sin(; Ay = Acos(
C: AX = -A sin(; Ay = Acos(
D: AX = -A cos(; Ay = Asin(
E: AX = -A sin(; Ay = -Acos(
Solution: The x-component of the vector A is negative. It is equal to the length of the side opposite to the angle θ. The y-component of the vector A is positive and it is equal to the length of the adjacent side. The correct answer is C
2. Cart 1 with two blocks on it has a mass of 2.0kg and is moving right at speed 2.0m/s. Cart 2 with no blocks has a mass of 1.0kg and is moving left at speed 1.0 m/s. The carts collide and a force probe on each cart measures the force that the other cart exerted on it during the collision. Which choice below best describes the magnitudes of the forces that 1 exerts on 2 and that 2 exerts on 1 during the collision?

(a) F1on2 =  4 F2on1
(b) F1on2 =  8 F2on1
(c) F1on2 =  F2on1
(d) 8 F1on2 =  F2on1
(e) 4 F1on2 =  F2on1
Solution: According to Newton’s third law the forces of two objects on each other are always equal and are directed in opposite directions. That means the correct answer is C.
3. A bicyclist moves along a straight line. His velocity changes from 20m/s to 10m/s in 5 seconds. His acceleration is

(a) 2m/s

(b) -2m/s

(c) 2m/s2 
(d) -2m/s2
(e) some other value
Solution: By the definition of acceleration we can find:
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So the correct answer is D.
4. A rider in a "Barrel O’ Fun" finds herself stuck with her back to the wall.  Which diagram correctly shows the forces acting on her?
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Solution: There are three objects that exert forces on the rider: the Earth, the floor and the wall of the "Barrel O’ Fun”. The Earth exerts the force downward, the floor’s normal force is upward, and the wall exerts the normal force on the riders back toward the center. The net force is toward the center. As a result there is an acceleration toward the center, which is centripetal acceleration.
5. A stationary block is at rest on an inclined plane. The coefficient of static friction is (S. The normal, gravity, and static friction force are shown. Which set of relations applies to this situation?


[image: image3]
A:
N = mg sin(, FF = mg cos(
B:
N = mg cos(, FF = mg sin(
C:
N = mg tan(, FF = (SN

D:
N = mg sin(, FF = (SN

E:
N = mg cos(, FF = (SN

Solution: Since the block is at rest the net force exerted on the block is zero. That means that all forces (weight, normal force and friction force) balance each other. So the x-component of all forces is 
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. Thus the correct answer is B. The choice E is incorrect because the  expression (SN is not for the value of static friction but for the maximum possible value of static friction.





Problems

1) a) (10 points) Two blocks are connected on a smooth table as shown on the figure. There is no friction between the smooth surface of the table and the block on it. Find the acceleration of the blocks if the values of the masses are m1 = 5kg and m2=15kg.
b) (5 points) Two blocks are connected on a smooth table as shown on the figure. There is no friction between the smooth surface of the table and the block on it. Find the acceleration of the blocks if the values of the masses are m1 and m2.
Solution: First off all we should draw a Free Body Diagram (see the Fig.). Since the string is lightweight and non-stretch accelerations of both objects has the same magnitudes a and directed as shown on Figure. Tensions T1 and T2 equal to each others. There are two forces acting in the object 1: the weight m1g and the string tension T1.
	Object 1
	X
	Y

	T1
	0
	T

	W1
	0
	-m1g

	m1a
	0
	-m1a


There are tree forces acting in the object 2: the weight m2g, normal force N and the string tension T2. 
	Object 2
	X
	Y

	T2
	T
	0

	N
	0
	N

	W2
	0
	-m2g

	m2a
	m2a
	0


Thus we can write Second Newton’s Law for these two objects:
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 The first two equations allow us to determine a if we know m1 and m2: 
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Thus the final expression for the acceleration is 
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After plugging in the values for m1 =5kg and m2 =15kg we get a=2.45m/s2
(or 2.45m/s2 if we assume g=10m/s2)


2) 

a) (10 points) At what angular speed must the object (m=2.0 kg) in the figure rotate about the vertical axis (the vertical pole) in order that the cord makes an angle of 60° with the vertical?

b) (5 points) At what angular speed must the object of mass m in the figure rotate about the vertical axis (the vertical pole) in order that the cord of length L makes an angle of ( with the vertical?

Solution: First off all we should draw a Free Body Diagram (see the Fig.). There are two forces acting in the object: the weight mg and the string tension T. Since the object moves along a circular path with the constant speed, its acceleration is centripetal acceleration, that is it is directed horizontally toward the center of the rotation and it is equal ω2R.
	Object
	X
	Y

	T
	T sinθ
	T cosθ

	W
	0
	-mg

	ma
	ma
	0


Thus we can write Second Newton’s Law for the object:
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 These two equations allow us to determine the centripetal acceleration a if we know m and (: 
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Since the centripetal acceleration is equal ω2R, where R is the radius of rotation Lsin( , we can find the angular speed ω  
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Thus the final expression for the angular speed is 
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As we can see the answer does not depend on the mass of the object. After plugging in the values for ( = 60° , and L=1.2 m we get ω=4.04 s-1 (or 4.08 s-1 if we assume g=10m/s2)

3) 

(extra 5 points) A 900-kg car traveling at 20m/s skids to a stop on a wet surface after the brakes are applied. How far does the car skid if the coefficient of static friction is 0.5 and the coefficient of kinetic friction is 0.4? 
Solution: First off all we draw a Free Body Diagram (see the Fig.). Three forces are exerted on the car: the weight W=mg, the normal force N and the force of friction Ffr . 
	Object
	X
	Y

	N
	0
	N

	W
	0
	-mg

	Ffr
	Ffr
	0

	ma
	ma
	0


Since the object is moving the force of friction is Ffr=μkN. Thus we can write Second Newton’s Law for the object:
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From these equations we can find the acceleration: 
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Now we can apply kinematics equation to find the distance the car skids:
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After plugging in the values we get x = 51m (or 50m if we assume g=10m/s2)
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