
University Physics  Quiz 2 

Name:                          SID:                           School/Department:                       

1. A particle of mass m slides down an inclined plane, subject to a constant vertically 

downward force of magnitude mg . The motion is resisted by a force 2mkv , k being a 

positive constant and v  the particle's speed. Show that the time required to move a 

distance d after starting from rest is  
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where is the angle of inclination of the plane. 

Solution: By introducing the coordinates as shown in the figure, the equation of motion can be written as 

jijir Nmkvmgmgm  2 cos sin   

Since the particle moves along the plane, we have 

0cos  mgN . 

The equation of motion can be rewritten as  

 ir  sin 2kvg   . 

Let ir x , where x  is the distance the particle travels down the inclined plane. Thus   
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Integrating above equation 
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(((   Hyperbolic functions: 
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Hyperbolic tangent:  
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2. A spherical raindrop leaves a cloud with initial radius 0r and negligible speed. As it passes through the atmosphere, its 
mass is increased at a rate proportional to the product of its surface area and speed v .  Assume the density of the 
raindrop is constant and no forces act on the raindrop except gravity. The distance below the cloud is denoted as x . 

(a) Show that the radius r of the raindrop increases linearly with x . 

(b) If 0r is very small, show that the acceleration of the raindrop is approximately xvg 23 .  

(c) Show also, when 0r  is very small, that the equation of motion of the raindrop can be written in the 

form gxvdxvd 26)( 22  . 

(d) Verify that the equation in (c) has solution 722 gxv  , and show that the acceleration of the raindrop is 7g . 
Solution: (a) According to the problem 
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Integration both sides of above equation 
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(b) The equation of motion of the rain drop is 
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the above equation can be rewritten as 
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Substituting 722 gxv   into (2), we have  
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3. A block of mass m rests on an incline that makes an angle of   with the horizontal 

plane. The static and kinetic friction coefficients between the block and the surface of 

incline are s and k respectively ( ks   ). The block is attached to a massless 

spring of spring constant k and relaxed length l , as shown in the figure.  

The block is pulled so that spring is extended to a length maxxl  , where maxx is the 

maximum extension of spring with which the block remains stationary when released. 

The block is released and then given a tiny kick and it starts moving up. 

(a) Find the maximum extension maxx . 

(b) For what value of the extension of the spring x , the block reaches its maximum speed? 

(c) As the block moves up-hill, the spring gets shorter. Show that the condition for the spring can become shorter than its 

relaxed length l  is  tan2  ks . 

Solution:  (a)  The free-body diagram: (The position of the block where the spring is relaxed is taken as the original 

point.) 
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From the above equations, we obtain 
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(b) The equation of motion is   
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At the point the acceleration 0a , the block reaches the maximum speed. Thus, the extension for the maximum speed 
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(c) (Solution 1)  The equation of motion is 

 sincos mgmgkx
dt

dv
m k    or   sincos mgmgkx

dt

dx

dx

dv
m k    

or      dxmgmgkxmvdv k  sincos   . 

m





Integrating both sides of the equation from the initial point maxxx  to the highest point the block can reach 

hxx  (where the speed of the block is zero), we have  
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The condition for the spring can become shorter than its relaxed length l is 0hx . Thus we have 
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Thus  tan2  ks . 

(Solution2)  Since the kinetic energies of the block at the initial point maxxx  and the highest point hxx   are both 

zero, then in the process the block moves from maxx  to hx , the decrease of the elastic potential energy of the spring is 

equivalent to the increase of the gravitational potential energy plus the work done by the frictional force. Therefore, we 

obtain 
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4. A bead of mass M moves without friction along a stationary rod that lies along the 

horizontal x-axis. A pendulum of length L  is suspended from this bead with a mass 

m at its end. The pendulum swings in the xy-plane, where y is the vertical axis. 

Assuming small oscillations, what is the frequency at which the pendulum oscillates? 

( Hint: To write the equation of motion of the pendulum in the noninertial frame of the 

bead.) 

Solution: The equation of motion of the pendulum is 
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The equation of motion of the bead is 
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For small oscillations, using the approximations  sin , 1cos   and neglecting the high order small quantity, 

equations (2) and (4) can be approximated as  
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