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3kg mass rests on the flat surface while being acted on by the vertical 10N force
as. If g=9.9m/s, the normal force acting on this body is equal to :
A 39.7N B 29.4N C 3.94N D ON E294N

Two friends pull on the rope from opposite sides. If they are not moving with
respect to each other and one of them pulls with the force of 300N the tension in
the rope is__

a) 300N b) ON c)600N d) it is impossible to answer
e) none of the above

3kg

If A =12i-16j and B =-24i +10j, what is the direction (with respect to the X axis) of the

vector C =2A —-B?

a) -49° b) -41° c) -90° d) +49° e) +221°

\%4

C

. At which point on the velocity-time graph is the
acceleration negative? B
a. A b.B c.C
d.D e.E A
In the elastic collision of two or more particles the following are conserved:
A mass B linear momentum C kinetic energy
D all of the above E none of the above
Three rods of length L and mass M each, and the T
point-particle of mass M, are placed as shown y
below. The coordinates of the centre of mass of ®--— L2
such  system are: !
A xeom= L/4  yeom= -L/4 ; L2
B Xcom = -L/2 Ycom = L/2
C Xcom = -L/4 Ycom = -L/2 -L2
D Xcom = -L/4 Ycom = L/4
E none of the above

A cart of mass 2kg moving at speed +5m/s collides with another stationary cart of mass
3kg on air ftrack (no friction), and the two stick together after the collision. What is

their velocity after colliding?
A2m/s B 1m/s C -lm/s D -2m/s E none of the above
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The specific heat at constant volume at 0°C of one mole of a diatomic gas is

a. 1R. b.R. C.ER. d.2R. QER.
2 2 2

A 0.3kg particle moves from the initial position ry(3i-5j -13k)m to rz(3i-5j +7k)m while
net force F(5i-7j +3k)N is acting on it. What is the work done by a force on the
particle as it moves from initial to final position?

A297J B 407 C 547 D 60J E647
A reversible heat engine has a pV P (Pa)

diagram shown on the graph.

The net work performed in one cycle 4000

is approximately: 3000

a) OkJ b) 2.0kJ 2000}

c) 4.2kJ d) 5.5kJ -

e) 10kJ 1000}~

A steam engine absorbs 1500 J of heat and performs 500 J of mechanical work in each
cycle. The efficiency of the engine is

a.80% b.60% c.50% d.33% e.20%

A 5.0-kg object is suspended by a string from the ceiling of an elevator that is
accelerating downward at a rate of 2.6 m/sz. What is the tension in the string?

A) 49 N B) 36 N ) 62 N D)13 N E)52 N

Some species of whales can dive to depths of 1 kilometer. What is the total pressure they
experience at this depth? (rgpq = 1020 kg/m3 and 10° N/m2 =1 ATM)

A)9 ATM B) 90 ATM C)101ATM D) 111 ATM E) 130 ATM

A hoop has a mass of 200g and a radius of 25cm (Icw= MR? ). It rolls without
sliding along  level ground at V¢w = Bm/s. Its total kinetic energy is:

A) 257
B 5J
¢ 107
D) 2507

E) impossible to establish without extra information
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Given is the two -dimensional gas made out of diatomic molecules. At sufficiently high
temperatures the gas molecules are free to move around within the two dimensional plane,
as well as to rotate and oscillate. Which of the following pairs correctly represents
the average energy of single molecule Eq4: and the C, of the gas .

a) Eavg= $MVy’ + 3 mv,° C=R
b Eag= My, + 3 mv,*+ $10° C/= 3/2R
9 Y
c) Eavg: %mvxz"' %‘ mvy2 + %I(Dz C,= 2R
d) Eag= 2mv,2+ 3 mv,2+ 3T+ tkr®+ mvee? €= 5/2R
E -1 2, 1 2 1 I 2.1 I 2 lk 2.1 2 C - 3R
e) avg = ZMVx + 5 MVy" + 3 L1 +5 Lowz +3KM +3MVesc v=

2 moles of ideal monatomic gas are kept inside sealed container at pressure of
15000Pa at temperature of 100C. What is the volume of that container?
a) 413m? b)0.413m®>  ¢)0.111 m? d) 111m? e) none of the above

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. Which of the following
conclusions about the va,4 (average speed), Vs [root mean square speed], v, (most
probable speed) and the P (120;140) [probability that the car has speed between 120km/h

and 140km/h] are true:
Speed Number

of cars
180
240 85 12
- 95 54
) 105 100
Elﬂ? 115 138
g &0 125 120
€ e 135 70
= 145 40
* 155 20
165 12
B5 95 105 115 125 135 145 155 165 175 185 195 205 185 8
Measured Velocities (km/h) 195 6
205 2

A Vp = 123km/h; vayg =125 km/h; vems =127km/h; P(120, 140) = 0.16
B Vmp = 123km/h; vayg =125 km/h; vims =127km/h; P(120, 140) = 0.32
C Vmp = 115km/h; vag =123 km/h; vems =125km/h; P(120, 140) = 0.16
D Vmp = 115km/h; Vayq =123 km/h; vems =125km/h; P(120, 140) = 0.32
E none of the above
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The ratio of number of molecules with rms speed to the number of molecules having most
probable speed in the gas of temperature T is given by:

A) \/g B) /% C) % D) 232 E) none of the above

Find the force of kinetic friction acting on the 3 kg block
sliding with constant velocity down the surface inclined at
angle 30 degree to the horizontal.

A Impossible to answer B 147N C29.4N 30°
D 5.4N E zero

In an adiabatic process 16 J of work are done on each mole of a gas. If the gas has 5
degrees of freedom, how much does its temperature change? Answer in terms of R.
A)40/R (K)  B)11.43/R (K) C) 6.4/R (K) D) 3.2/R (K)

E) none of the above

An ideal gas with y = 1.400 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 - m® B) 139,700 Pa - m® C) 25,710 Pa - m* D) 25,590 Pa - m*

E) None of the above

Five moles of an ideal gas expands isothermally at 100°C to five times its initial volume.
Find the heat flow into the system.

A)25x 104 7 B)11x10%T €)67x1037 D)29x1037 E)70x1027

A hole is punched in a full milk carton, 10 cm below the top. What is the initial velocity of
outflow?

A) 14m/s B) 2.0 m/sC) 2.8 m/sD) 3.9 m/sE) 2.8 m/s

Find the change in entropy (in J/K) when 5.00 moles of an ideal monatomic gas are allowed

to expand isobarically from an initial volume of 20 cm3 to a final volume of 100 cm3.
a. 52

b. 67

c. 100

d. 152

e. 167
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A heat pump with a coefficient of performance of 4.9 absorbs heat from the atmosphere
at a rate of 30 kW. At what rate is the engine receiving work?
A 6.1 kW B 147 kW C 117 kW D 7.7 kW E none of the above

A bubble having a diameter of 1.00 cm is released from the bottom of a swimming pool
where the depth is 5.00 m. What will the diameter of the bubble be when it reaches the
surface? The temperature of the water at the surface is 20.0°C, whereas it is 15.0°C at

the bottom. (The density of water is 1.00 x 103 kg/m3, Patm=101kPa
A 105 B 1.15 C151 D 1.65 E none of the above

A bullet of mass m=20g is fired into a block of
mass M = 4kg suspended by a set of two
parallel strings. The bullet embeds in the
block and raises it by 4cm . The initial

velocity (before the collision) of the bullet is: m
A 200m/s B 178 m/s € 0.89m/s
D 89m/s E none of the above

The figure shows a uniform, horizontal beam (length
= 10 m, mass = 25 kg) that is pivoted at the wall,
with its far end supported by a cable that makes an
angle of 51° with the horizontal. If a person (mass =
60 kg) stands 3.0 m from the pivot, what is the
tension in the cable?

A.0.83 kN B 0.60 kN C0.42 kN
D 0.39 kN E none of the above
Due to rounding issue D accepted as well (the answer was 384.6)

A block of mass =2kg can slide down a frictionless 45 degree incline
but it is connected to a pulley of mass M =4kg and radius R=0.5m, as
shown. The pulley can be treated as a disk (Icom = 1/2mR?). Angular
acceleration of the pulley is:

A 6.92rad/s® B 7.83rad/s® C 3.46rad/s® D 3.91 rad/s? 450

E 9.02 rad/s?

When solved incorrectly (as if Tension was equal Yo mgsin45) this will yield 2x6.92 - but it
is wrong since T-mgsin45=ma ( lower block has acceleration otherwise how would pulley
have the angular acceleration?
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A glass window pane has an area of 3.00 m? and a thickness of 0.600 cm. If the
temperature difference between its faces is 25.0°C, what is the rate of energy transfer
by conduction through the window. (thermal conductivity of glass: Kgiess=0.8W/(m C))

a) 5000w b) 7500W c)10000W d)15000W e) none of the above

A thin rod of mass M and length L is struck at one end by a small ball of clay of mass m,
moving with speed v as shown in the figure. The ball sticks to the rod. After the collision,
the angular velocity of the clay-rod system about A, the midpoint of the rod, is

A mvL

B 3mv/[2(M+3m)L]
C (m+ M/6)(vL/2)
D mvL/2

E  none of the above

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 T=40 B 20 C 60 D100 E none of the above

A 20 kg sample of mercury is completely solidified and liberates 231.6 kJ of energy.
What is the original femperature of the mercury? (The melting point of mercury is 234K,
the heat of fusion of mercury is 11.3 kJ/kg, and the specific heat of mercury is

140 J/kg°K.) . What is the mercury entropy change AS in this process?

A T=240 K AS=-19819J/K
B T=236 K AS=-19819J/K
CT=20K AS=-19795J/K
D T=232 K AS=-19795J/K

E none of the above
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Mechanics
dx - d :
v, =— V=—
Toodt dt
dv, = dv
a, = =—
’ dt dt

— — —

1>
ry =r0+vot+5at

dv V2
a, =— a, =—
dt r
;7=ma Fo,=-bv
f=uN R=%D@h2
Fy=pV.g
F=-kx
W=f?d§
mv? 1
k= 5 U, =mgh U, =k’
s _ — d—)
P=mv F=—p
dt
- mi:i rdm
Femwr = M ey = IY;
4 3 2 2
V=§mf A=4mr A=mr C=2mr

Fluid Mechanics:
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1
p=p,+pgh Ay, = Ay, p, + P8y +§,0V2 = const
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Rotational motion About a Fixed Axis

-do
Angular speed w = 411‘

Angular acceleration a = dw ”

Net torque zr =la

W,

= w, +at
Ifa =constd 0, =0, +wt+ %atz
w; = wl.z + 20{(l9f -0)
0,

Work W=fr do
H‘.

Rotational kinetic energy K, = %1 w’

Power P=tw
Angular momentum L = [w

—dL
Net torque E T=""0

Circular Hoop 1., =MR?
Hollow cylinder Iy = %M (R} +R})
where R;: inner radius, R»: outer radius
Solid cylinder or disc Iy, = %MR2
Thin Rectangle I, = éM(a2 +b%)
Long thin rod with rotational axis through center I, = éML2
Long thin rod with rotational axis through edge Iy = %ML2
Solid sphere Iy, = %MR2
2

Thin spherical shell Iy = EMR 2
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THERMODYNAMICS

Probability of finding the speed of a particle in the range (v;v+dv )is:

3

P(v)dv =4n L omie vie M gy
27 kT
1 1

1

l2kT]2 l3kT]2 [SkTr
VMP =17 Vrms il Vavg =l
m m m
p 3 P %
Integrals:
+we—ux2dx_l z +wxe—ax2dx__ - 2 —axdx__ el 3 —axdx
[l ot b
4
4 —ax? == =7
fx dx fe _1
AEint=Q + W pV=nRT AS = f—Q
T
Change AEint \Y Q AS
= nC In—=
P = const nC,AT P(Vr-Vi) nC,AT p
Tf
V = const nC,AT 0 nC,AT nC, ln7
V, V,
T = const 0 -nRTIn— nRT In— nRIn—
1
Q=0 nC, AT ﬁ(p/V V) 0 0
4 CP
pV’ = const. =— C,-C, =R
C
Vv
ECRN=Z=—=1_£ COP - whatwewant.
0 0, T, what we pay for it
AL = aLAT AS = BSAT AV =yVAT
P=coAT" 6=5.67x 10°W/(K'm?) P=kA ‘;T
X

Q=mcAT Q=Lm

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

c(ice) = 2090 J/(kg C);

L(melting) = 3.33x10° J/kg L (vaporization) = 2.26x10° J/kg
g



