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Important:
1. Answer all questions and problems (No solution = no points).
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4. Assume g=9.8m/s?
5. Mobiles are strictly prohibited during the exam.
6. Programmable calculators, which can store equations, are not allowed.
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3 5 3 4 4 5 i 28
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P1. A small box starts at point A with an initial speed of v, =5 m/s and moves along a
frictionless track consisting of an inclined section followed by a circular section of radius R =
1.2 m, as shown in the figure. The box reaches the highest point (B) of the circular path with
speed v = 4 m/s. Determine the height (h,) of point A above the ground. (3 points)

1 1 B

E,=Eg— Emvj + mghy = Emvé + mghg A
1 1 hy
mghy, + Emvj = Emvé + mg2R
ground

v v}
hy=2R+-—2—-2=194m

29 29

P2. A block of mass m = 5 kg is held against a compressed spring at point A. The spring has
a stiffness constant of k = 850 N/m and is compressed by x = 40 cm. When released, the
block moves up a rough inclined surface and travels over a distance d = 1.5 m before coming
to rest at point B. Find the coefficient of Kkinetic friction y; between the block and the

inclined surface. (5 points)

Wye = AKE + APE

Wi = —Fpr.d = —pFy. d = —ppmgceos50°.d

h =d.sin50°=1.15m
1
—pmgcos50°.d = (0 — mgh) + (0 — Ekx2>

kx? — 2mgh

= = 0.25
Hi 2mgcos50°.d
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P3. A 1100 kg car starts (point A) with a speed of 9 m/s at the bottom of a 4 m-high incline
and reaches the top (point B) with a speed of 20 m/s in 11 s. Assume that is there is no

friction during the motion. What was the average power delivered by the engine during this

motion? (3 points)
Wyc = AKE + APE B
1, 1,
Wengine = <§mv3 + mghB) - (Eva + 0) h=4m
G
Wengine = 2.19 X 103 y=0m
A

Pengine = —22%¢ = 1.99 x 10* W

P4. Three plates of different shape are placed as shown. The masses of plates 4, B, and C, are
0.20 kg, 0.15 kg, and 1.0 kg. Find the x—coordinate and the y—coordinate of the center of

mass of the system. (4 points)

32x0.20+ 55 x 0.15 + 33.5 X 1.0
B 0.20 + 0.15 + 1.0

40 em

XCM S 35.7 cm

v -

17 em

e

_ Yamy +ypmp + ycme
Yem = e —— e -
my +mg + mg

_ —85x0.20+20 % 0.15+ 12.5 X 1.0 '
N 0.20 + 0.15+ 1.0

YCM == 10.2 cm
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P5. The leg of an athlete during a stretching position is bent at 90°, as shown below. The

upper leg (ul), lower leg (1), and feet (f) have masses m,; = 15.1 kg, m;; = 6.72 kg, and

my = 2.38 kg, respectively. The positions of their centers-of-mass are indicated by the

symbol "x". Find the x and y—coordinates of the center-of-mass of the entire leg,

measured from the origin (point O).

P XMy + Xymy + xpmy
M=

My, +my +ms

_ 513x15.1+ (51.3 — 18.5) X 6.72 + 3.24 x 2.38
N 15.1 + 6.72 + 2.38

Xemy =414 cm

_ YuMy +yumy + ypmy
Yem =
my + my + mf

_ (425-17.3)x 1514+ 0 X 6.72 4 0 X 2.38
N 15.1+ 6.72 + 2.38

P6. A rotating wheel accelerates uniformly from 10 rpm to 40 rpm in 4 s.

a. Find its angular acceleration.

(4 points)
y
e
17.3|cm
My X %425 cm
gl my ‘
_.el( 7S *
(O) | i b
i
18.5 cm
3.24 cm
e 51.3cm —
(2 points)

b. Find the magnitude of the total acceleration of a point located 15 cm from the center

when the wheel is rotating at 10 rpm.

(a) w, = 2nf, = 2712 rad/s; w = 2nf = 271% rad/s;

30
W — W,

w=w,+at—>a= =—5 = 0.8rad/s?

t 4
(b) ag, = T = 0.15 X 0.8 = 0.12 m/s?

2

2 10 2
Argd = W5T = (2n@> 0.15=0.16 m/s

a= [a}, +at,; =+/0.162+40.122 = 0.2 m/s?

(3 points)
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P7. A uniform bar of length L = 1 m and mass m = 5 kg is free to rotate about a fixed axis

through its centre (point A). Three forces act on it as shown in the figure, with magnitudes

Fy, = 20N, Fz = 30N, and F = 40 N. Find the net torque about A. (4 points)
F. Fp
p, = 0N.m . Fe B
Fa 30:% A 45°°
- [ ] ]
Tpy, = 1gFpsinfp = (0.5)(30)sin45" = 10.6 N.m <
0.2m F_G)
Tr, = ON.m ) L=10m g

Tp, = —TcFesinfe = —(0.5 —0.2)(40)sin30° = =6 N.m

Tnet = Tp, + Tpy + T, + Tp, =0+ 106 +0—-6 =+4.6 N.m

The net torque is counter-clockwise



