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1. Print your name and student number on this page in the upper left corner,
2. Check that your exam contains 7 questions.

3. The total number of marks is 100.

4, Simple scientific calculators are allowed as aid.
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1. (10 marks)

An object (mass m = (.20 kg) is moving with constant speed in a circle in the xy plane. The position of the
object is given by the following vector: r = 0.8 cos (2.5 £)i + 0.8 sin (2.5 t)j, where r is in meters and t is in
seconds.

a. Determine the velocity (magnitude and direction) of the object at t = 2.0 s,

v="0=-2.0sin (2.5 £)i +2.0 cos (2.5 t)j,
v(t=2.0s) = -2.0 sin [(2.5)(2.0)]i + 2.0 cos [(2.5)(2.0)]j = 1.92i + 0.567j (m/s)
v=4/(1.92)% + (0.567)2 =2.0 m/s

tan =257 9=1645"~ 16°
1,92

b. Determine the acceleration (magnitude and direction) of the object att = 2.0 s.

a="7=5.0cos (2.5 )i - 5.0 sin (2.5 1)j,
a(t=2.0s)= -5.0 cos [(2.5)(2.0)]i - 5.0 sin [(2.5)(2.0)]j = -1.42i + 4.79j (n/s)
a=+/(—1.42)2 + (4.79)? =5.0 m/s’

4.79

_ 479 - 0 740
tan0==2" 0=-7348"=-74

¢. What is the angle between velocity and acceleration vectors at t = 2.0 s?

90 degrees

d. How long does it take the object to make 5.0 revolutions?

2m

w=2.5Hz ?=2.5 T=251s

Timeof Srev=52.51)=12.6s=13s

¢. What is the magnitude of the force keeping the object in circular motion?

F =ma = (020 ke)(5.0 m/s®) = 1.ON




2. (12 marks)

A box of mass M = 12,0 kg is attached to a cord that is wrapped around a pulley whose moment of inertia is
| = 0.15 kg m? and radius r = 0.300 m. The coefficient of kinetic friction between the box and the incline surface
isuy=0.25and the angle 0 = 30.0°

a. Draw a free-hody force diagram for the box and the pulley.
b. Determine the kinetic force of friction acting on the box.

c. Determine the acceleration of the box, angular acceleration of the pulley and the tension in the cord.
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3. {12 marks)

Determine the forces in the following truss members: BC, BG and FG. State whether each member is in tension
or compression. Assume that L = 3.00 m and P = 5000.0 N. The roiler is frictionless.
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4. (10 marks)

A pulley of radius R = 0.070 m and the moment of inertia | = 0.01 kg m” is rotated clockwise until the spring is
stretched d = 0.50 m, and then released from rest. Determine the speed of the block (mass m = 4.3 kg) when it
passes through the position at which the spring is un-stretched. The spring constant is k = 235 N/m. The
coefficient of kinetic friction between the block and the surface is p = 0.15. The pulley is frictionless.
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5. {8 marks)
Draw a typical stress-strain dependence and explain the meaning of the following terms:

elastic lmit

chistic or
behaviour | Yield point F
AN fracture point
T plastic behaviour
£
)
proportionayd
lhmit

4 permanenl set ;
0 Strain = 30%

Proportional limit
The maximum stress for which stress-strain graph is linear {point P in the graph)
Yield point

The maximum stress for which the material remains elastic {when stress is removed the material returns to original
length and shape).

Permanent set

The amount of deformation (strain) that remains when the stress is removed.

Plastic deformation

Permanent deformation that occurs when for stress applied is larger than yield point

Ultimate strength

The maximum stress on the stress-strain graph

Engineering stress

The force per unit area of the original cross-section of the material
True stress

The force per actual cross-section as the material is deformed. True stress continues to increase until the material
fractures because the actual cross-section area decreases




6. (18 marks)
Answer the following six questions,

a. Two gears (R; = 52 cm and Ry = 17 cm) mounted on fixed axes are connected by a belt, The smaller gear is
driven by a motor that causes it to spin at 7.0 rad/s. The belt does not slip. Determine the angular speed of the
larger gear.
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b. Determine the moment of inertia of the object (shown below) about an axis perpendicular to the page, running
through the black dot. The object consists of a thin rod {mass m, length 8} and a solid sphere (mass M, diameter d}.
Express the moment of inertia in terms of m, £, M and d.

= lrog + lsphere = (1/3)mL% + (2/5) M{d/2)? + M(d + L)* (Attention: The parallel-axis theorem was omitted in 2015)

c. Determine the magnitude and direction of the moment of the couple for forces for the situation shown
below,
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o

. What is the phase difference between the two oscillators?
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e. A travelling wave is described by the following equation: D{x,t) = 0.2 sin(0.30x - 5.0t + 0.4),
What is the speed of the wave?
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f. Determine the angles @, 8 and y between the force F = 12001 + 800j - 1500k and the x-, y-, and z-axes.
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7. (30 marks)
Answer the following five questions,

a. An engine pulls a 1000.0 kg crate from rest to 20.0 m/s in 5.00 s with constant acceleration. The force of
kinetic friction between the crate and the ground is f, = 500.0 N. How much work is done by the engine?
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b. Determine the moment of the force Q about point O. The magnitude of Q is 100.0 N.
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¢. An engineer is given a task to calculate the slope of a curved banked portion of a highway to prevent cars
from slipping off the road on icy day when friction is almost zero, Assume that the radius of the curved banked
road is R = 180.0 m and that the speed limit is v = 100.0 km/h, Draw a free-body force diagram for the carona
banked road and determine the bank angle 6 that prevents cars sliding off the road.
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d. An aluminum rod L= 1.60 m fong is held at its center. It is hit with a hammer to set up a longitudinal
vibration {like you did in the lab). The density of aluminum is p = 2700.0 kg/m® and Young’s modulus Y =
7.0x10' Pa. Calculate the speed of longitudinal waves in the rod and the wavelength and frequency of the

fundamental standing wave {first harmonic). B e
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THE END




THE END

X=Xo+vot+%at’  vsvgtat  V=Evpi+2a(X=Xp)  Vag = K(Vo+V) (X — Xo) = Y{vg + V)t
= w{t}i ; LA A _dx, dy . dz Y v _dvy, dvy . d"z
r(t) = x(t)i + y{t)j + z{t)k Vavg = 7 V= —dt1+dt1+dtk = A== —=j+—== k
2

F=ma f=puN ac= = Fg=meg Fo= 2 = - kx

=5 _ 48 o dw - 2 - - (Lt or
B-T W == o= AD=uwpt+¥at w=wetat AB-( 5 )t

v? 2 dv
V1o VEWwXr Qe =~ = Iw ac =wx{wxr) a=_-=re  a =oaxr
T=rxF t=la 1288 = (1/12) ML> 18k = (1/2) mL? ISPRETE 2 (Q/SYMLZ | = I + M
p=mv F=-‘j—£ Ap = Fa At L=lw '£=§—E AL = T,,/At
F Al F AL AV
o=Ye =Y H_GT Ap--87 Y=2G(1+v)=3B(1-2v)
=~ kx t=-D8 X = A cos{wt + ) x = {Ae M) cos{wt + )
2n m I 1 L

w~~;~~2nft T—-Zn‘j; T—ZTIJ; T=2n ’@ T—2n\/§

D{x,t} = A sin(kx - wt + ¢) D(x,t) = A sin{kx)cos {wt) k=%§ -——ant v=Af = 5"—~ vz J_ J'
W = Felx w:fffF(x)dx AK+AU=W, AK+AU=0 K=¥mv  K=%lw
AUg=mgh  AUg=— Gb}:m =% kx*

=JF;2 + E*+ F? Fe=Fcosa, Fy=FcosB, F,=Fcosy cos’o + cos* + cos?y = 1

T S ~5) o %%’

_ 2 - -1t 24,2 = _ Zi¥% - el ST I P T
g=9.81m/s° G=6.67x10"" Nm/kg X= = o ey O = 7= NN
d(x") ™ -1 d{cosx) - _sin x d(sinx) - oS X

dx dx dx




