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P1. A boat sails 20° south of east for 20 km (X), and 60° north of east for 25 km (E)), as

shown below. The whole trip takes 50 min.

a. Find the magnitude of the total displacement (D = 4 + B). (3 points)

b. Find the magnitude of the average velocity. (1 point)

c. Find the average speed. (1 point)
(@)

D, = 20 cos(20) + 25 cos(60) = 18.8 + 12.5 = 31.3 km
D, = —20sin(20) + 25sin(60) = —6.8 + 21.7 = 14.8 km

D = |D2+ D2 = 34.6 km @

D 34.6x103 m
= =115—
S

()7 =2

At 50%60 @
(C) 5= Dist.:ance _ (20+25)x103 _ 152 @
Time 50%x60 S
P2. A 10 — kg box is on a roug@tal surface. A pulling force F of 80N magnitude,

uniformly accelerates the b8 m/s to 15 m/s, within a distance d, as shown.

a. Find the acceleration o @ px during this motion. (1 point)
b. Find the work one orce of friction during this motion. (3 points)
(@) v? = v2 @2a( >a= z_d" = 6.25m/s? E’

(b) W,,.r = AK ' + Fcos(30)d = %mvﬁ — %mvf

(B)

L

1 1
- Wy = (Emvﬁ - Emvf) — Fcos(30)d = —67.8]

Or

For box y-axis: Fsin(30) + Fy —mg =0
— Fy =mg — Fsin(30) =58 N

For box x-axis: Fcos(30) — Fy, = ma

- Ff. = Fcos(30) —ma = 6.78 N
Wy, = Fydcos(180) = —67.8 ]
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P3. A block of mass m slides down a rough inclined surface as shown. The coefficient of
kinetic friction between the block and the surface is y;, = 0.4.
a. Draw the free body diagram for the mass m. (1 point)

b. Find the acceleration of the mass. (3 points)

(@)

(b) 2
m:y — axis: Fy —mgcosf =0 - Fy = mgcosf (Eq. 1)
m: X — axis: —Ff,, + mgsind = ma - —y, Fy + (Eq. 2)

From Egs. (1) & (2)
—urmgcosd + mgsin = ma - a = gSl cosd = 1.5m/s?

P4. A mass m = 20 kg is conne ted to @ massless spring with stiffness constant k =

380 N/m, through a massless and jonless pulley, as shown. The mass is released from
rest when the spring is in i ngth. When the mass has dropped by y = 0.4 m
find:

a. The speed of the r@ (3 points)
b. The accelerati mass. (1 point)

1 1
0+0 =§mv2+§ky2—mgy

2mgy — ky?
S v = Mgy kYT =22m/s e | R — U
\] m m

(b) y

F;—mg =m(-a) -
m — k ------------------------
= gm Y _ 22 m/s? — 4 m
=
==
=
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P5. A structure made up of three uniform rectangular pieces is shown below. The three pieces
have mass M; = 2 kg, M, = 5 kg, and M5 = 4 kg. Find the x-coordinate and y-coordinate

of the center-of-mass of the structure, measured from the origin (point O). (4 points)
_ lel + szZ + X3M3 y

Xy =
M M, + M, + M,
_2x2+4x5+35x4

.0 cm
- 2+5+4 ~30cm |Ms )
- Xcy = 3.45cm < B 4.0 cm
X 4.0 cm
X

1

_ YiMy 4y, M + y3 M3
Yem =

M; + M, + M;
_1x2+25x5+5x4

2+5+4
=Yy =314 cm

M,
X .0 cm
o) x
x (cm) y (cm)
M, 2 2
G-2+(3)=2 2= !
M, 4 2 +% =25

4
3+ 2+ 1+5=5

v

‘:1.0 cm

P6. A centrifuge rotor accelerates uUNiformlyPabout its center from rest to 1,000 rpm in 30 s.

ti eYotor. (2 points)

o\

qaliar force on a particle of mass m = 3 x 10716 kg, found at

a. Find the angular accele

b. Att = 30 s, find the ra
c. Att = 30s, find

celeration of a point 8 cm from the center. (1 point)

that point. (1 point)
(8) w, = 075 =2-314- 720 = 1047 rad/s
w— w, 104.7
w=w,+at-a= = = 3.49 rad/s*

t 30
2
(b) ag = = = w?r = 104.72 - 0.08 = 877 m/s”

(C) Fr =map =3 x10716.877 = 2,63 x 10"13 N
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P7. A uniform beam of mass m = 10 kg and length L = 1 m is hinged on the ceiling from

one end. The other end of the beam is tied by a cord as shown. The structure is in

equilibrium.

a. Find the tension in the cord connected to the ceiling. (2 points)

b. Find the force on the hinge. (2 points)
(@) Ceiling

The second condition of equilibrium
about hinge

) 300

=0 Cord
L

—mgzsin(60) + Frsin(60) L =0 -
Fr =05mg =49 N

The first condition of equilibrium @

60;

XE=0->F—-mg+F;=0
— Fy =mg —Fp = 05mg = 49 N 6

P8. A patient is given blood trangfusion @f= 0.004 Pa.s,p = 1050 kg/m3) at a rate of
3.3 X 1078 m3/s. The needle has 2 mm length, and inner radius 0.4 mm. The blood

pressure of the patient is 1 @nd at what height (h) the bottle should be placed

above the needle. (4 points)

Pl_P2= =3284Pa_)

P, = 3284 Pa+ P, =10702.4 Pa
Py
P =pgh—)h=—= 1.04m
! pg
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P9. Water (p = 103kg/m?) flows in a pipeline as shown. The pipe’s cross-sectional area at
point 1 is 0.08 m? and the water speed there is 5.9 m/s. Point 2 is h = 5.2 m above point 1,

and the cross-sectional area at point 2 is 0.02 m?.

a. Find the speed of fluid at point 2. (2 points)
b. Find the pressure difference (P; — P5) between points 1 and 2. (2 points)
(a)
A1v1 == szz -
A 0.08(59) _ 936
v, —A2v1 =50z ) =23 m/s
(b)
1 2 1 2
Pr+5pvi +pgys = Py + 5005 +0gYe
1 2 1 2
Py =P, =5 pvi +pgy, =5 pvi = PGy
P10. A 0.1 kg mass is attached to a sprin on a horizontal frictionless surface. The
mass is pulled a distance of 12 cm the eQuilibrium and at t = 0 s is released, performing
a simple harmonic oscillation \@ uency of 0.4 Hz.
a. Find the spring consta (1 point)

b. Find the maximum € mass. (1 point)

c. Find the mech&\ic gy of the system. (1 point)

_1_ _ 200 £2 — N
(a)T—f—Zn k = 2m)*mf —0.63m

(b) > kA2 = %mv,znax = Vpmay = A\/% =0.30m/s

©E = %kAZ =45x1073]





