Multiple Choice Questions

1. A person initially at point 3 on the x-axis stays there for a while and then walks along the x-axis to point 1, stays there for a bit and then runs to point 2 and remains there.

  
Which of the following graphs depicts this motion?
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Solution
During the first interval x-coordinate (position) equals 3 and stays the same for a while. Then the person walks along toward point 1, i.e. x-coordinate decreases until it is 1. When the person stays there his position does not change. Then, when he runs, the coordinate increases fast to point 2, and then remains equal 2. That is correct answer is D.    
2. The positions of two blocks at successive 0.20­second time intervals are represented by the numbered squares in the figure below. The blocks are moving toward the right. 

The accelerations of the blocks are related as follows: 
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(A) The acceleration of "a" is greater than the acceleration of " b". 

(B) The acceleration of "a" equals the acceleration of "b". Both accelerations are greater 

than zero. 

(C) The acceleration of "b" is greater than the acceleration of "a". 

(D) The acceleration of "a" equals the acceleration of "b". Both accelerations are zero. 

(E) Not enough information is given to answer the question.
Solution
The velocity of each block is proportional to the distance between the adjacent squares. The acceleration measures how fast the velocity changes with time. Since the distance between adjacent squares stays the same for each block, they accelerations equal to zero. The correct answer is D.
3. A race car (shown as a dot) is moving as shown in the (one dimensional) "motion diagram" below: 


[image: image3]
Throughout the period of time shown, what are the signs of position, x, velocity, v and acceleration, a?

	
	x
	v
	a

	A
	+
	-
	+

	B
	+
	+
	-

	C
	-
	+
	-

	D
	-
	-
	+

	E
	-
	-
	-


Solution
The position of car is less then zero, i.e. negative. The velocity is directed to the left, i.e. it is in the negative direction, since the right is denoted as a positive one. The velocity decreases with time, thus the acceleration is in the opposite direction, that is to the right. That means the acceleration is positive. The correct answer is D.
4a A rocket drifts sideways in outer space from point "a" to point "b" as shown below. The rocket is subject to no outside forces. Starting at position "b", the rocket's engine is turned on and produces a constant thrust (force on the rocket) at right angles to the line "ab". The constant thrust is maintained until the rocket reaches a point "c" in space. Then it was turned off.
[image: image4.emf]
Which of the paths below best represents the path of the rocket between points "b" and "c"? 
[image: image5.emf]
Solution
Between points "b" and "c", the motion of the rocket can be represented as a superposition of two components. One is a continuous horizontal drift with the constant velocity to the left, since no force was exerted on the rocket in this direction. The other component is the motion due to the constant force (thrust) in the perpendicular direction. This constant force causes a constant acceleration of the rocket. As a result, the rocket’s coordinate in this direction changes as quadratic function of time. Thus, between points "b" and "c", the rocket’s trajectory looks like a parabola similar to the projectile trajectory. The correct answer is E. 

4b As the rocket moves from position "b" to position "c" its speed is: 

(A) constant. 

(B) continuously increasing. 

(C) continuously decreasing. 

(D) increasing for a while and constant thereafter. 

(E) constant for a while and decreasing thereafter. 
Solution
Since between points "b" and "c" the constant force is exerted on the rocket, it moves with constant acceleration. That means its velocity is continuously increasing. The correct answer is B.
5. A train moves along a straight track and a graph of its position vs time looks like this:

[image: image10.wmf] 
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Which of the graphs below depicts the train's velocity as a function of time?

        A                                        B: 
[image: image6.wmf] 
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C:



  D:     

E: None of these...

Solution
During the first time interval the train’s position increases linearly with constant positive velocity. Then the train its position does not change for a while, that means the train stops and its velocity is zero. During the next interval the train position decreases with constant rate, so the train moves backward with negative velocity. Then it stops again. The C graph is the only graph that represents such motion.  
6. A hunter whirls a stone attached to a string in a horizontal circle above his head.  Where should he release the string to hit the target?
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Solution
When the string is released no force is exerted on the stone. As a result it will move along the straight line tangent to the circle in the point it was released. So the correct answer is B  

Problems

1. A stone is dropped from the roof of a tall building.  A second stone is dropped 1.00 s later.  How far apart are the stones in 2 seconds after the second stone has been dropped? How far apart are the stones when the second one has reached a speed of 23.0 m/s?

Solution

[image: image12.wmf] 
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a) The motions of the stones can be described as a free fall motion, i.e. motion with the constant acceleration g=9.8m/s2. The position of stone I can be found using the mathematical expression: xI = ½g(t + 1)2, and the position of stone II is xII = ½gt2, where t is time after the second stone was dropped. Thus in time t the distance between the stones is xI - xII = ½g(t + 1)2 - ½gt2. In 2 seconds this distance is xI - xII = ½×9.8×32 - ½×9.8×22 = 44.1m – 19.6m = 24.5m
b) Since the stones fall with the constant acceleration g= 9.8, stone II reaches a speed of 23 m/s in time t = v/g = 23/9.8 sec = 2.35 sec. The distance between the stones is xI - xII = ½g×(2.35+1)2 - ½g×(2.35)2 = 55m - 27.1m = 27.9m
2. A stone is dropped from the roof of a tall building.  A second stone is dropped t1 s later.  How far apart are the stones in t2 after the second stone has been dropped? How far apart are the stones when the second one has reached a speed of V0 m/s?

Solution

a) This problem is similar to the problem 1. The position of stone I can be found using the mathematical expression: xI = ½ g (t2 + t1)2, and the position of stone II is 
xII = ½ g t22, where t2 is time after the second stone was dropped. 
Thus in time t1 the distance between the stones is xI - xII =½ g (t2 + t1)2- ½ g t22 = ½ g (t22 + 2 t1 t2 + t12 - t22) = ½ g (2 t1 t2 + t12). Finally 

xI - xII =  gt1 t2 + ½ g t12
b) Stone II reaches a speed of V0 m/s in time t= V0/g. Then the distance between the stones is xI - xII =½g×( V0/g + t1)2 - ½g×( V0/g)2 


[image: image8.wmf]2

1

2

1

1

0

2

2

0

2

1

2

1

1

0

2

2

0

2

1

2

gt

t

V

g

V

g

t

t

g

V

g

V

g

x

x

II

I

+

=

-

÷

÷

ø

ö

ç

ç

è

æ

+

+

=

-


xI - xII =  V0t1  + ½ g t12
We can get the same result by substituting  t2= V0/g into the previous expression  (question (a)): xI - xII =  gt1 t2 + ½ g t12 = gt1 (V0/g) + ½ g t12
3. One athlete in a race running on a long straight track with a constant speed v1 is a distance d behind a second athlete running with a constant speed v2. a) Find the distance between the athletes after the time t. b) Find the time when the distance between them is D. Consider different situations.

Solution


[image: image9]
a) The motions of the athletes are the one-dimensional motions with a constant speed. Thus after the time t the position of the athlete I is  xI = v1t and the position of the athlete II is  xII = d + v2t. Thus the distance between them after the time t is 

distance = |xI - xII| =  |v1t - d - v2t|
We should consider three cases:

(1) v1 <  v2 : distance = (v2 - v1) t + d

(2) v1> v2, t<d/( v1 -  v2) before athlete I catches up to athlete II: distance=d - (v1 - v2)t
(3) v1> v2, t>d/( v1 -  v2) after athlete I catches up to athlete II: distance = (v1 - v2)t - d
b) To find the time when the distance between the athletes equals D we have to solve an equation: D = |v1t - d - v2t|. We should consider the same three cases:
(1) v1 <  v2 : D = (v2 – v1) t + d. That means t = (D-d)/( v2 – v1)
(2) v1> v2 , t<d/( v1 -  v2): D= d - (v1 - v2)t. That means t = (d - D)/( v1 – v2), if D<d
(3) v1> v2 , t>d/( v1 -  v2): D =(v1 - v2)t – d. That means t = (D + d)/( v1 – v2).
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E:   None of these!
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