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1 A 2 kg mass is suspended on a string. The tension in a string is : 
  
A) 2N 	 	B) 29.4N 	C)  0N  	 	D) 19.6N   	E) 196 N 
 F
app
 
 
2
kg 

2 2 kg mass rests on the flat surface while being acted on by the Fapp = 10 N as shown. The force  	of friction acting on this mass is: 
 
A) 2N 	 	B) 10N 	 	C)  0N  	 	D) 19.6N   	 
E) not enough information to answer 
 

3 The position of a particle of mass 2g is given by	r =3ti −4t2 j +2k (t is in seconds and r in meters). 
 	The magnitude of instantaneous velocity and the magnitude of instantaneous acceleration at t = 2s  are:  
 
A) |v|= 16.3 m/s 	|a|=8.5m/s2  
B) |v|= 8.5 m/s |a|=16.3/s2  C) |v|= 16.3 m/s |a|=16.3m/s2 D) |v|= 8.5 m/s |a|=8.5m/s2 
	E) 	none of the above 
 
4 The race car moving with constant speed of 60π m/s around a circular track of radius 1500m. The time  	(in seconds) of one full lap is equal to : 
A) 25 	 	B) 25π   	C) 50  	 	D)50π  	  	E) none of the above 
 
5. A desk is pushed across the floor at constant velocity by a 160 N force directed downwards at an angle  	of 48° to the horizontal. How much work is done in J when it has moved 1.4 m forward? 
A) 150 	 	B) 170 	 	C) 190 	 	D) 210 	 	E) 230 
 
6. Particle moves under influence of conservative force whose potential energy is shown in the  	diagram. At t=0 particle has K=4J at x= 8m.  	What is the kinetic energy of the particle at  	x=2m, what is the direction of the force acting on  	the particle? V(liters)
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A 1.0 kg body, initially at rest, is acted on by the horizontal force 
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A) K = 6J; Fx >0 
B) K = 6J;  Fx<0  
C) K = 2J; Fx>0 
D) K = 2J: Fx<0 
E) K = 2J: Fx depends on which way is the particle   	moving 
 
shown in the graph. What is its speed in m/s when t=11s? 
A) 18 
B) 26 
C) 27 
D) 36 
E) 45 	2	4	6	8	10	12	t (s)
 
 
 
8 The p-V diagram below represents a particular gas process. Which of  	the following is true about W the work done by (or on the) system? 
 	Work is equal to:  
 	A) 750J  	B) 150J  	C) 450J  	D) 20.1J 
 	E) none of the above 
9 Water is flowing at 4.0 m/s in a circular pipe. If the diameter of the pipe decreases to 1/2 its former value, what is the velocity of the water downstream? 
	A) 1.0 m/s 	B) 2.0 m/s 	C) 8.0 m/s 	D) 16 m/s 	E) 4.0 m/s 
 
10 Since Lice = 333 J/g, the change in entropy (in J/K) when 1.00 kg of ice melts is 
	A) 1440  	B)  2910  	C) 1220  	D)  516  	E) 480 
11. The linear expansion coefficient of steel is 11 × 10–6(°C)–1. A building made with a steel structure is 650 m high on a winter day when the temperature is -15°C. How much taller (in cm) is the building when it is 41.°C?  
A) 71  	 	B) 36 	 	C) 40 	 	D) 46 	 	E) 65 
	3	°C. If the helium behaves like an 
12. A container having a volume of 1.0 m holds 5.0 moles of helium gas at 50 ideal gas, the average kinetic energy per molecule is 
A) 6.7 × 10–20 J. 	B) 1.0 × 10–21 J. 	C)1.0 × 10–20 J. 	D) 6.7 × 10–21 J. 	E) 1.3 × 10–20 J. 
 
13. The small particle of mass 50 g is launched from the ground with v0=30m/s at the angle of 30deg above the horizontal.  What is the magnitude of the velocity when the particle hits the ground ? 
A) 0m/s  	B) 30m/s 	C) 60m/s 	D) not enough information to answer 
 	E) none of the above 
 
14. The diagram on the side means that the molecules of gas represented on it:  
 	Cv 
A  	have total of 7 degrees of freedom and, may rotate but only 5 of 
them are accessible in the  temperatures between 250K and 650K 
  3 R 
B have 6 degrees of freedom, and  have the heat capacity that does 
	not depend on their  internal structure 	2 R 
C have 11degrees of freedom, all accessible at temperatures above 
  R 
650K 
D have 6 degrees of freedom at temperatures  above 650K but only 2 degrees of freedom at temperatures close to absolute 0 
E none of the above  
 
15. An ideal gas is taken around the cycle shown in this pV–diagram, from a to b to c and back to a. Process  b → c is isothermal.  For process b → c, 150
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A) Q > 0 and ∆U > 0. B) Q > 0 and ∆U = 0. C) Q = 0 and ∆U > 0. 
D) Q = 0 and ∆U < 0. 
E) Q < 0 and ∆U < 0. 
 
 
 
16. The crate of mass 100 kg is placed on the flat floor of the truck.  The friction coefficients 
between the floor and the crate are: µstat = 0.4 and µkin = 0.2. The truck enters the turn of radius 10 m. What is the maximum speed of the truck if the crate is to stay stationary?  
 
A) 4.43km/h 	A) 6.26km/h 	C) 15.9km/h 	D) 22.5km/h 	E) none of the above  	 
 
2
17. 	A child has a temperature of 38.33 °C. If her total cross-sectional area is 2 m , find the energy lost each second (in W) due to radiation, assuming the emissivity is 1. (Assume the room temperature is 21.11°C.) 
	A) 217 	 	B) 180 	 	C) 90 	 	D) 1067  	E) 850 
 
18 	You have 1.00 mol of an ideal monatomic gas and 1.00 mol of an ideal diatomic gas whose molecules can rotate. Initially both gases are at room temperature. If the same amount of heat flows into each gas, which gas will undergo the greatest increase in temperature? A) the monatomic gas 
B) the diatomic gas 
C) Both will undergo the same temperature change. 
D) The answer depends on the molar masses of the gases.  
E) none of the above 
 
19. A particle moves along a circular path having a radius of 2.0 m. At an instant when the speed of the 
2 particle is equal to 3.0 m/s and changing at the rate of 5.0 m/s , what is the magnitude of the total acceleration of the particle? 
	2 	2 	2 	2 	2 
A) 7.5 m/s	B) 6.0 m/s	C) 5.4 m/s	D) 6.7 m/s	E) 4.5 m/s
20. If M= 2.0 kg , and the whole system is moving with upward acceleration a=2m/s2 what is the tension in N in string 1? 
A) 1.2 	 	B) 11 	 	C) 34 	 	 1
2
30
°
M

	D) 47 	 	E) none of the above 
 
21 	Gas in a container expands at a constant pressure of 3 atm. Find the work done (in J) by the gas if the initial volume is 5 liters and the final volume is 10 liters. 
 	A) 0 	 	B) 150 	 	C) 15 	 	 
	D) 1500  	E) 1.5 
 
22. 	In a wind tunnel the pressure on the top surface of a model airplane wing is 
8.8 × 104 N/m and the  pressure on the bottom surface is 9.0 × 104 N/m2. 
2
If the area of the top and bottom surfaces of each wing is 2.0 m , what is the total lift on the model airplane? 
 	A.2.0 × 103 N 	B. 8.0 × 103 N 	C.1.6 × 104 N 	D.3.6 × 104 N 	E.1.0 × 103 N 
 
22 An 800-MW electric power plant has an efficiency of 30%. It loses its waste heat in large cooling towers. Approximately how much waste heat (in MJ) is discharged to the atmosphere per second?  
A) 1200  	B)1900 	 	C)800 	 	D)560  	 	E)240 
23 The distribution of car speeds measured by a police patrol for a particular stretch of the 401 highway between Kingston and Ottawa is  shown  on the  figure. 4
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Which of the following  conclusions about the vavg  [average speed], and the P (105;135) [probability that the car has speed between 105km/h and 135 km/h] are  true:   
A) vavg =127km/h;  P(105,135) =  40% 
B) vavg =127km/h;  P(105,135) =  46% 	 
C) vavg =125km/h;  P(105,135) =  40% 	 D vavg =125km/h;  P(105,135) =  46% 	 
E none of the above 
 
Speed km/h) 
24 In the ideal gas described by the Boltzmann - Maxwell’s distribution of speeds the ratio of number of molecules with the speed equal to vrms to the number of molecules with the speed of vmp is given by the following:  
[image: ][image: ]12
1
2
3
e

	e2  	B) e−1 	C) 3 e2  	D)	− 	E none of the above  
A) 
2
 
25 The Helium balloon  of total mass = 0. 200kg and volume 1m3  is attached to the thin long rope of mass density of 1g/m.  The coils of rope lay on the flat ground, so  that as the balloon moves up the rope unwinds without any resistance. How high will the balloon  rise? ( take air density to be = 1,204kg/m3) 
 
A) 1204m	B) 1004m  	C) 602m  	D)502m  	E) none of the above 
 
26. 	If 25 kg of ice at 0°C is combined with 4 kg of steam at 100°C, what will be the final equilibrium temperature (in °C) of the system? 
	A) 40  	 	B) 20 	 	C) 60 	 	D) 100  
E) 8 
R
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27 A sphere of mass M and radius R had two spheres  of R/4 removed.  The centres  of the cavities are at R/4 and 3R/4 from the centre of the original sphere (at x=0). What is  the x coordinate of the centre of mass of this object? 
A) − [image: ] R 	 	B) −[image: ] R 	 	C) −
	 	D) −[image: ] R 	 	E) none of these answers 
 
28 The three objects shown here all have the same mass M and 
radius R. Each object is rotating about its axis of symmetry (shown in blue). All three objects have the same rotational kinetic energy. Which one is rotating fastest? 
A) thin-walled hollow cylinder 
B) solid cylinder 
C) thin-walled hollow cylinder  
D) two or more of these are tied for fastest 
E) none of the above 
 	 	 	 
29 A spinning figure skater pulls his arms in as he rotates on the ice. As he pulls his arms in, what happens to his angular momentum L and kinetic energy K? 
A) L and K both increase. 	 	 	B) L stays the same, K increases.  
	C)  L increases, K stays the same. 	 	D) L and K both stay the same 
 	E)  none of the above 
 
30 The 1kg grenade is thrown vertically up with initial speed of 25m/s.  It explodes in a mid-air in such a way that both of its fragments have  no horizontal components of velocity after the explosion. If the maximum height reached by the 0.2 kg fragment is equal to 40m,  what is the maximum height reached by the 0.8 fragment? 
A) 28.2m  	B) 29.9m  	C) 31.9m  	D) 32m  	E) none of these answers 
 
 
 
 
 
 
 
 
 
31 An gas consisting of diatomic molecules that can rotate but will not oscillate at given range of temperatures expands adiabatically from a pressure of 365.0 Pa and a volume of 70.00 m3, doing 101.0 J of work while expanding to a final volume. What is its final pressure-volume product?   
A) 139,600 Pa · m3   	B) 139,700 Pa · m3  	C) 25,710 Pa · m3 	 	D) 25,510 Pa · m3   
E) None of the above 
 
32 Block of mass 10 kg is hit and penetrated by a 50 g bullet. As result of the collision the “block + bullet system.” (Originally on the horizontal  frictionless table) enters the horizontal  rough surface ( µkin=0.7) and stops after 5m.  Find the entropy change  due to the inelastic collision (∆Scollision) and the entropy  change due to friction (∆Sfrict),. The temperature remains constant throughout these processes (T=27C)  	 	A) ∆Scollision  = 229.8J/K 	∆Sfrict  = 1.14 J/K  	B) ∆Scollision =229.8J/K 	∆Sfrict =1.15 J/K 
 C) ∆Scollision  =  231.0J/K  ∆Sfrict  = 1.14 J/K  D) ∆Scollision =231.0J/K ∆Sfrict =1.15 J/K  E) none of these answers 
 
33 Carnot Engine operating between the two reservoirs at kept at temperatures of 27 C and 227C respectively is using 4.81mole of ideal gas.   
During the operation the gas expand isothermally from the initial state of Va=40l to Vb=120l, from which it expands adiabatically to 160l. The isothermal compression takes the gas back to the volume of 150l followed by an adiabatic compression to the initial volume. 
What is the efficiency of the engine and what is the entropy change in one cycle?  
A) e = 60% ; 	∆S = 43.9J/K  	 	B) e= 40% 	∆S = 41.3 J/K 	 	 	 
	C) e = 40% ; 	∆S =43.9 J/K 	 	D) e= 60% 	∆S = 41.3 J/K  
E) none of the above 
 
  
 
Happy holidays! 
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NOTE: 
Please take this exam with you – mark the answers on it, to compare it to the correct answer posted online.  The final grades for the coursework (without  the lab grade) will be posted in few days 
The final grades for the course including the lab will be available as soon as the correct laboratory marks are delivered to me. (Last year it was in mid January) 
 
 
 
 
 
 
 
 
 

 
Mechanics 

 
	vx = dx 
dt
	→	d r v =	 
dt

	ax = dvx 
	→
→	d v a =	 


→
	dt	dt
[image: ]→	→	→→
rf = ro + vot+at2 

	at = dv 
dt
 
	 
	v2
ac = 
r

	→	→
F = ma 
	 
	→	→
F o =−bv 


 
f =µ 	 	R =[image: ] DρAv2 
 	 	 	FB =ρlV.g 
	→	→
 	 	 	F =−k x 
 

 
	→	→
W =∫F .d s 
[image: ]mv22 k =	 	U g = mgh 	Ue = kx 
2
	→
→	→	→	d p
P = m v 	F =	 
dt
	

	→
→	∑m r
	∫rdm


rCM =	i	i	rCM =M
 
 
 

M
 
V =[image: ]πr3 	 	A= 4πr2 	A=πr2 	 	C = 2πr 
 	 	 	Fluid Mechanics: 
 
p= po +ρgh  	A1v1 =A2v2  	po +ρgy +[image: ]ρv2 = const 

∑Rotational motion About a Fixed Axis 
 
Angular speed 
dt
d
θ
ω
=
 
Angular acceleration 
dt
dw
=
α
 
Net torque 
α
τ
I
=
 

 
 ωf =ωi +αt
[image: ]α= const.θf =θi +ωit +αt2 
If
ω2f =ωi2 + 2α(θf −θi )
 
θf
Work W = ∫τ dθ 
θi
Rotational kinetic energyK R =[image: ] Iω2 
Power P =τω 
Angular momentum L = Iω 
 Net torque 
dt
dL
=
∑
τ
 

 
Circular Hoop  	 	 	ICM = MR2 
Hollow cylinder 	 	 	ICM =[image: ] M (R12 + R22)  
where R1: inner radius, R2: outer radius 
Solid cylinder or disc  	 	ICM = 1 MR2 
Thin Rectangle 	 	 	ICM =[image: ] M (a2 + b2) 
Long thin rod with rotational axis through center 	 	ICM =[image: ] ML2 
 
Long thin rod with rotational axis through edge 	 	ICM =[image: ] ML2 
Solid sphere 	 	 	 	ICM = 2 MR2 
Thin spherical shell 	 	 	ICM =[image: ] MR2 
 
 

THERMODYNAMICS 
Probability of finding the speed of a particle in the range  (v;v+dv )is: 
[image: ]P(v)dv = 4π21πkTm  v2e−mv2kT2 dv 
[image: ][image: ][image: ]	vMP = 2mkT  	 	vrms = 3mkT   	 	vavg = 8πkTm  
[image: ]	p = ρ< v2 > 	 	 	 	ρ= m 
V
Integrals: 
[image: ]+∞+∞
	∫e−ax2 dx = 1 π 	 	xe−ax2dx = 1 	 	∫ x2e−ax2 dx = 1 π3 
	0	2	a	0	2a	0	4 a
 
[image: ][image: ]+∞4
	x3e−ax2 dx = 1 	 	∫ x4e−ax2 dx = 3 π  	dx =π 
	2	a5	0 ex −1	15
	0	2a	0	8
dQ
∆Eint = Q + W 	 	 	pV=nRT 	 	∆S =∫	 
T
	Change 
	∆Eint 
	W 
	Q 
	∆S 

	 
P = const 
 
	 
nCv ∆T 
	 
-p(Vf-Vi) 
	 
nCp ∆T 
	Tf
nC p ln	 
Ti

	 
V = const 
 
	 
nCv ∆T 
	 
0 
	 
nCv ∆T 
	Tf
nCV ln	 
Ti

	 
T = const 
	 
0 
	V
	− nRT ln	f 
Vi
	V f
nRT ln	 
Vi
	V f
nRln	 
Vi

	 
Q = 0 
	 
nCv ∆T 
 
	[image: ](p f V f − piVi ) 
	 
0 
	 
0 


 	pVγ= const.  	γ= CP 	 	C p − Cv = R 
CV
∈CR = W = QH −QL =1− TC COP = what we want Q QH TH what we pay for it
∆L = αL∆T 	 	 	 	∆S = βS∆T 	 	 	 	∆V = γV∆T 	 
P =  e σ A T4; σ =5.67x 10-8W/(K4m2) 	 	 	P = kAdT 
dx
	Q = mc∆T 	Q = Lm 
	
	

	c(water) = 4186 J/(kg C); 
 
	c(ice) = 2090 J/(kg C); 
	c(steam) = 2010J/(kg C) 


L(melting) = 3.33x105 J/kg    	L (vaporization) = 2.26x106  J/kg   
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