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P1. An object is dropped from a 2 m height above ground. Ignore air resistance.
a. Find the time it takes to reach the ground. (2 points)
b. Find the speed of the object just before it strikes the ground. (1 point)

Taking the origin to be at ground level and the positive y direction to be up.

@)y = yo + vot + = at2—>t—\/2Ay \/(2(9?)—0645

b)yv=v,+at =0+ (9.8)0.64 =6.3m/s

P2. A 6.4 kg bowling ball is released from the hand of a player with v, = 9.40 m/s and hits
the pins at the end of a 18.3 m long bowling lane. The player hears the ball hitting the pins
2.80 s after the ball is released from her hands. Assume the speed of sound is 340 m/s.

a. Find the acceleration of the ball, assuming that is constant. (3 points)
b. Find the net force applied on the ball during this motion. (1 point)
el
(;f:;:- .
A Ze e
e ﬁf /)
183 m .
(A) (B)
tB—>A: d —183—0055

Vsound 340
tA—>B = ttotal - tB—>A =2.8— 0.05 = 2.75 S

1 X—X Vola-
X =X, + VUptysp +5atj_,B —>a= 2("2—"“ = —2.0m/s?
A-B

Fooe = ma = 6.4 x (=2.0) = —12.8 N
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P3. A student walks with constant speed from point P to point Q, by following the paths

A =200 m, and B = 400 m, as shown. The total time of the trip is 0.5 h.

a. Find the magnitude of vector D=4+B. (3 points)
b. Find the direction of F, with respect to the positive x-axis. (1 point)
c. Find the average speed of the student. (1 point)
y
(@) D, = A, + B, = A, + Bcos(60°)
=0+ 400cos(60°) = 200 m
Dy=Ay+B, =4y +(-Bsin(60)) K ) e00
= 200 — 400sin(60°) = —146.4m .
D = /D + D = V2002 + 146.4%> = 247.9 m 4
(b) 6 = tan"" () = 36.2° (P) = X
- Direction = 360° — 36.2° = 323.8°
Total Distance _ 200+400 _ (Q)

c) average speed = = =
( ) g p Time 0.5%3600

0.33m/s

P4. A 4 kg box is moving up a smooth incline with an initial speed of v4, = 3 m/s (point A).

It reaches to a maximum height (point B), then returns to the initial position and continues

it’s motion along a rough horizontal surface until it stops (point C).

a. How far (d;) does the box move along the incline? (2 points)
b. Find the coefficient of kinetic friction (u¢;) between
the horizontal surface and the box. Take d, = 1 m. (2 points)
(a) (A4) - (B):Ey = Ep
1 v4 ,,( B 2
—>§mvj+0=0+mgh1—>h1=£=0.46m ’f"'s;} dl W
SO (1 _ hh { A C
sin30 —d—1—>d1 = 5300 =092m ( ) ( )
()  (4) > (C): Wye = AKE + APE 30° =

n

1
- —ymgd, = (0 —Emvi> +0

vi

= = 0.46
2gd,

_>uk

v
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OR(B) — (C): Wy¢ = AKE + APE —

—p,mgd; = (0 —0) + (0 —mghy)

hy

== 0.46
P5. The leg of an athlete during a stretching position is bent at 90°, as shown below. The
upper leg (ul), lower leg (11), and feet (f) have masses m,; = 15.1 kg, m;; = 6.72 kg, and
my = 2.38 kg, respectively. The corresponding centers-of-mass are indicated by " x ". Find
the x-coordinate and y-coordinate of the center-of-mass of the leg, measured from the
origin (point O). (4 points)

_ XMy + Xymy + xfmf y
XCM -

my + my + mf
_ 51.3 x 15.1 + (51.3 — 18.5) X 6.72 + 3.24 x 2.38 O e

151+ 6.72 + 2.38
= Xgp = 41.4 cm -3 cm

My X ~*425cm

YuMyy + Yumy + yrmy
my, + my + mf — ¢
_ (42.5-173)%x 151+ 0x%x6.72+ 0% 2.38 (O

15.1+6.72 + 2.38
d YCM = 157 cm

Yem =

my

LAY

\..ﬁ

18.5 cm

-

3.24 cm
l—— 513cm —

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

a. Find the angular acceleration. (2 points)

b. Find the magnitude of the total acceleration at 10 rpm for a point 15 cm from the
center. (3 points)
(a) w, = 2nf, = an rad/s; w = 2nf = Zﬂg rad/s;

30
W — w, 27'[5
w=w,tatv>a=——=— = 0.8rad/s?

(b) apqn = ra = 0.15 % 0.8 = 0.12 m/s?
2

2 10 2
Argq = WET = (271%) 0.15=0.16 m/s

a= \/atzan +a?,; =+/0.162 4+ 0.122 = 0.2 m/s?
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P7. A uniform horizontal beam of mass M and length L = 5.0 m is used as a seesaw. Two
persons with masses my = 80 kg and mp = 40 kg are balanced at the two ends of the
seesaw, as shown.

a. Find the mass M of the seesaw. (2 points)

b. Find the normal force exerted by the fulcrum (at point C) on the beam. (2 points)

< L

A 4

The second condition of equilibrium i‘_ 20m —>

(Ther = 0) about fulcrum:

ba -
(A) BN (C) (8)
e N\ 093‘.

5
—ng(E—Z)+mAgx2—mBg><(5—2)=0

ZmA—BmB

- M= =80 kg

The first condition of equilibrium (F,,,; = 0):

Fy—Mg—-—myg—mpg =0
- Fy=Mg+myug +mpg = 1960 N

P8. Crude oil (n = 0.8 Pa. s ) flows from an oil field to a tanker terminal, through a horizontal
pipe of radius 0.5 m and length 15 km. The flow is laminar, and the oil is delivered at the

terminal at a rate of 0.5 m3/s.

a. Find the pressure difference necessary to keep oil flowing at that rate. (2 points)
b. The time it takes to fill a container of 40,000 m3 volume. (1 point)
R* AP

_ TR™ AP _ 8n _ 5
(a)Q = —— —>AP—7TR4QL—2.4><10 Pa

AV AV
(b) Q =7 — At =—-=180,000s
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P9. A pair of vertical, open-ended glass tubes inserted into a horizontal pipe are often used
together to measure flow velocity in the pipe. Such an instrumentation is shown below, with
water (p = 103 kg/m3) carried from point 1 (v; = 0.5 m/s) to point 2 (v, = 1.5 m/s), and
the fluid rises to heights h; and h,, in the two open-ended tubes.

a. Find the pressure difference (AP = P, — P,) between points 1 and 2. (2 points)
b. Find the height difference (Ah = h; — h,) of the fluid levels,

in the two open tubes. (2 points)

1 _____
~ Py =P, = 5p(v — v])
— AP = 103Pa --z--
hy
(b) 4P = pg(hy — hy) h,
Ah AP ! 2 \
- =—=01m v v 14
pg 1 F2

) )
/

P10. A particle of mass 0.5 kg is attached to a spring with stiffness constant k = 200 N/m,

executing simple harmonic motion. The mechanical energy of the mass-spring systemis 9 J.

a. Find the amplitude of the motion. (1 point)
b. Find at which position the speed of the particle becomes 5 m/s. (1 point)
c. Find the magnitude of the maximum acceleration of the particle. (1 point)

d. At t = 0 s the particle is at the equilibrium position with initial speed v,. Write the

equation for the position of the particle as a function of time. (1 point)

(@F =-kA? > A= |22=03m

2E—-muv?

= 0.16m

(b)E = %kx2 +%mv2 - X =\/

(©) Gay = = = 4 = 120 m/s?

(d)x = Asin(wt) = Asin(2nft) = Asin <2n (i\/%) t) = Asin <\[§ t) =

0.3sin(20t)




