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Name                                                       April 16, 2011  Sunday  
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SID                         

University Physics 
Sample Midterm Examination 

School of Intensive Instruction in Sciences and Arts, Nanjing University 
Physical Constants 

Gravitational constant kgs/m1067.6 2311 ⋅×= −G
2

 
Standard gravity acceleration   m/s806.9=ng  
 
Select five out of following six problems. 

(1) (20pts) As shown in the accompanying figure, a uniform 
chain of total length  a hangs with a piece of length 

over the edge of a plane table. The initial 
velocity of the chain is zero and there are no friction between 
the surface of the table and the chain. 
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(a) Find the velocity of the chain at the instant it slides off the 
table.  
(b) Calculate the time in which the chain slides from the 
table.  

Solution: (a) The equation of motion is  

xg
l
mxm =&& . 

By integrating both sides with respect to x , and noting that  
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At the instant it slides off the table, lx =  and 

l
alv )(9 22 −
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(b) From the result above, we have 
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 force betwe n two atoms in a diatomic molecule 
can be express as 
(2) (20pts) The potential energy function for the e

                                  612)(
x

a bxU = −  
x

where a and b are positive constants and x is the distance between 
(a) Find the force between two atoms as the function of

two atoms. 
x . 

(b) What is the equilibrium separation between two atoms? 
(c) Find the minimum energy needed to break the molecule apart. 
Solution: (a) The force between two atoms is 
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(b) The equilibrium separation is determined by 

0612
713 =+−=

= mmxx x
b

x
a

dx
dU

m

. 

Thus, we have   
612

=x ⎟
⎠
⎞

⎜
⎝
⎛

b
a

m . 

(c) As x  approaches . Then, the minimum energy needed to break the molecule is  ∞ , 0=U
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 the Earth at the instant after the explosion. 
h? What is the shape of the orbit now? Will the earth 

Solution: (a) For circular motion, we have 

 
(3) (20pts)  Assume that the Earth’s orbit around the Sun is circular, and the Sun’s mass is much 
larger than the Earth’s mass. 
(a) Compute the ratio of the kinetic and potential energies of the Earth. 
(b) The Sun undergoes a supernova explosion and its mass suddenly reduces to half of its origina
value. Assume that the energy released in the explosion has no effect on the Earth. Compute the 
ratio of the kinetic and potential energies of
(c) What is the new total energy of the Eart
escape the solar system? 
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By equating the gravitational force to the centripe ve tal force, we ha
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The ratio is 
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 the mass of the sun suddenly goes to 21If of its origina lue, the kinetic energy remains 
unchanged but the potential energy is halved: 

l va

2
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The ratio then is  
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) The total energy is  (c
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Then, the orbit is a parabola and the earth will escape

(4) (20pts) A slider of mass m2  is initi t 
rest at the botto  edge of a wedge of mass 

0 . 
 the solar system. 

 
ally a

m
M and angleα . The we s a frictionless dge ha
surface and rests on a frictionless table. At 0=t , 
a bullet of mass m and velocity 0v traveling parallel to the upper surface of the wedge hits and 

(b) What is the wedge's velocity at the time the slider reaches its maximum height? 

  (a) ks in the slider, we have 

sticks in the slider. 
(a) What is the maximum height reached by the slider? 

(c) How far has the wedge moved at that time? 
Solution:  Immediately after the bullet hits and stic

vmmmv )2(0 += . 
er (with the bullet) is Thus, the velocity of the slid 30vv = .  Assum  

y gives 
e the maximum height of the

slider is maxh , then the conservations of energ

max)3(1 ghvm .                   (1) 22 3)3(1 mVmM ++=

And the conservation of the momentum gives 
                             

22
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Eliminating in Eq.(1) with the use of Eq.(2), we have V

α
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(b) From Eq. (2), we have 
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(c) The equation of motion for the slider ( in the wedge fram
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And the equation of motion for the
 αsinNXM =&& .                 (5) 

The last equation of Eq. (4) g s αtanxy &&&& = . Eliminating x&&  and from Eq.(4), we have 

By using Eq.(5) to eliminate in Eq. (6),  we finally have 

y&&  

αα cot)3cos(3sin mgNXmN −=−− && α .                (6) 
N  

.)(                
3)cot1(

cot3
2 const

mM
mgX

++
=

α
α&&                  (7) 

Thus,  
[ ]

2

22
0

2
2

)3(
2sin3)cot1(

122
1

2
1

mM
mMm

g
v

X
VtX         

X
Vt
&&

=    and  S

 
(5) (20pts) A uniform rod of 
mass m  and length l  is 
held f on a horizontal table 
and at right angle to an 
edge A of the table. The 
center of mass C of the rod is beyond the edge of a 
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distance . The rod is released at rest and 

lat 

d

dθ A
C

starts to rotate about the edge A  and eventually slides off the table. The co fficient f static 
frictio be

e  o
twee e r and the  of the table isn n th od  edge μ . 

(a) Find the rotational inertias of the rod,  CI  about the center of mass C and AI  about 
point

 
A . 

θ(b) Calculate the angula elocity of the rod as the function of ror v tation angle before sliding 

(c) Determine the angle 
occurs.  

0θ  when sliding of the rod begins.  
Solution: The rotational inertia about  is C
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(b) The conservation of the mechanical energy gives 

The rotational inertia about A  is 
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So,  

AI
mgd θω sin22 =  ,  22 12dl +

(3) At 0
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θθ = , when the sliding begins, NFf μ= . The equation of motion of the center of mass 

                      

                                 (2) 
The equation of motion for the rotation is  
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Eliminating in Eq.(1) by using Eq.(3), we obtain 

of the rod is then 
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Substituting the result of t (b) into Eq. (3), we have  
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        20 2
tan

mdI
I

A

C

+
=

μ
θ   or  220 3

arctan
2

arctan
mdI

I
mdI

I

C

C

A

C

+
=

+
=

μμ
θ . 

 
(6) (20pts) A cylindrical wooden stick with lead attached at on end flo s 
upright in water as shown in the figure. The total mass of the stick is m . 

 equilibrium, the length of su merged portion of the stick in water is 
0l .The 

0l

at

In b
density of the water is ρ and the area of the cross section of  the

stick is A . 
(a) Write the equation of motion of the stick. 
(b) Show that the oscillation of the stick is simple harmonic. 

 o(c) Find the period f the oscillation. 
Solution: (a) Let x b

h l
e erged part of the stick to its 

equilibrium lengt The equation of motion ca  written as 
 the deviation of the length of the subm

0 . n be
lAgmgxm ρ−=&& . 

Noting that Aglmg 0ρ= , the equation can be rewritten as 

AgxlAgAglxm ρρρ −=−= 0&&  
or 

0=+ xx ω&& ,  2 Ag
m
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ove result that the oscillation is simple harmonic. 
(c) The circular frequency is 
(b) One can easily see from ab

m
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