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P1. A student walks 30° south of east for 5 km (X), and then straight north for 10 km (F),

as shown below. The entire motion takes 90 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)
(a)
D, =5cos(30) + 0 =4.3km

D, = =5sin(30) + 10 = 7.5 km A

D= /D,§+D;=8.7km ﬂ’:

— D 8.7 km
(b)v _E_E_SBT

_ Distance 5+10 km
Time 1.5 h

A
P2. A model rocket starting form rest is uni %elerated vertically upwards with

2 m/s?. At point A the rocket runs out of ut §gntinues moving upward for a while until

it reach a maximum height (point B). It theffalls back to earth. Ignore air resistance.

a. Find the speed of the rocket the ent’it run out of fuel (point A). (1 point)
b. Find the maximum altit@ge round) the rocket had reached. (1 point)
b. Find the time it took fo cket to fall from (B) to ground. (2 points)

t t;e ground and positive y direction upwards.

_VETVA L 9175
yB_z(_g) J’A— om

(C) (B) to ground: y, = yg + vgt + % (—g)t? -

0=917.5+ %(—9.8)t2 S>t=137s
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P3. A 6 — kg box is pulled upward along a rough incline by a force F, as shown. The
acceleration of the box is 2 m/s?, and the coefficient of kinetic friction between the box and
the surface is 0.4.

a. Find the magnitude of the pulling force. (2 points)
b. Find the work done by the force of gravity on the box, during its motion from point
A to point B. (2 points)

S
2

(@)

y — axis: Fy —mgcosf = 0 - Fy = mgcosf

X — axis: F —mgsinf — y,mgcosd = ma - F

(b)

Wg, =—4PE=—-m-g-h=-m-g-d-s —58.8]
P4. A mass m = 20 kg is connected to a Qsless spring with stiffness constant 380 N/m,
through a massless and frictionless p asShown. The mass is released from rest when the
spring is in equilibrium. Igngge 1 1 nal force. When the mass has dropped by 0.4 m,
find:
a. The speed of the r@ (3 points)
b. The net work Q8ge e mass. (1 point)

(a) KE; + PE;NKE; + PE; -

1 1
0+0 =Emv2 +Eky2 —mgy

’Zm — ky?
-V = %zZ.Zm/s

(b)
1
Whet = AKE = Emv —0=48]



Kuwait University — College of Science — Physics dept. — PHYS 121 Spring 2024/2025 (May 22, 2025)

P5. A structure made up of three uniform rectangular pieces is shown below. The three pieces
have mass M; = 3 kg, M, = 1 kg, and M5 = 2 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 r'y
Xem =
M; + M, + M,
_2x3+7x1+9x2
B 3+142 4 M 7'y
R
yiM; + y, M, + ysM
Vors = 1My 2M3 3M3 Mz %

M; + M, + M, 12 X
_6X3+7Xx1+3x2 cm A
B 34142 <4 cm 3

_\f v
(0) X
4 cm
x (cm) y (cm)
M; 4 12
—=2 —
2 2
6 12 -10
", 4Q ()
6
Ms 4+4+ =9 5=3

P6. During a dental procedure, a@disk-shaped drill with radius of 2 mm, accelerates

180,000 rpm in 1.2 s.
rof the drill. (2 points)

b.Att =1.2s,
c.Att =1.

ial acceleration of a point at the edge of the disk. (1 point)

article (m = 107> kg) sticks briefly at the edge of the disk. Find

the magnitudgof the radial force on it. (1 point)

(@) w, = 07%; w = 2mf = 2-3.14- 2 = 18,850 rad/s

w— w, 18850 5
W= w,tat->a= . =13 = 15,708 rad/s

2
(b) ag = = = w?r = 18,8507 - 0.002 = 7.11 X 10° m/s?

(c) Fr =map =107°-7.11x 10° = 7.11N
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P7. A uniform beam of mass m = 10 kg and length L = 1 m is kept vertical by a massless
cord attached to the ground from the edge. The structure is balanced when a force F = 10 N
is applied on the beams mid-point as shown.
a. Find the magnitude of the force of tension at the top-end of the beam. (2 points)
b. Find x-component of the contact force at the bottom-end of the beam. (2 points)
(@)
The second condition of equilibrium the
contact point
Trlzet =0~

L
FTcos(60)L—F§=O—>

F3
Fp=——">—=10N
T cos(60) L

(b)
The first condition of equilibrium
YE =0—- —Frcos(60)+F —F,, =

- F., =—Frcos(60)+ F=5N
P8. A patient is given 450 X 107 m3 blo (17 = 0.004 Pa.s, p = 1060 kg/m?)
at a rate of 3.3 X 1078 m3/s. The eedle h@€ 25 mm length, and inner radius 0.4 mm. The

blood pressure of the patient is 10

a. Find at what height (h) e hould be placed above the needle. (3 points)
b. Find the time it will takg he transfusion to finish. (1 point)
Q =
[
P, —p, =1 _ 3283 pg >

mTR*
P, = 3283 Pa+ P, =10702.3 Pa
Py
=pgh—->h=—=1.03m
Py
AV 450 x 10°°

At =— s A=
0 33 x 10-8

= 13,636.4s=38h
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P9. Blood (p = 1060 kg/m3) flows in the main artery of a human body, through a segment
where the artery narrows from a cross-sectional area 4 X 10™* m? to 2 X 10™* m?. The
bloods speed at the wider section is v; = 0.4 m/s. The height difference between the two

points is h = 4 mm, with the narrower point being higher.

a. Find the speed of blood flowing though the narrower section. (1 point)
b. Find the pressure difference (P, — P,) between the two points. (2 points)
(a)
Ay = A0, -
Ay 4x107%
vV, = A—2v1 m (04) = 0.8 m/s
(b)
1 2 1 2
Pr+5pvi +pgyr = Py + 5005 +0gy2

P,—P _2 172—1 vi — pgh
1 2 sz 2P1 Py

P, — P, = 295.95 Pa % \

P10. A mass is attached to a spring and s¢gQn @ttal frictionless surface, performing a
simple harmonic oscillation. The positt ¢ mass every moment is given by the

equation x = 0.3 - cos(8 - t), Where 1s in n¥eters and t is in seconds.

a. Find the maximum spee of@a (2 points)
b. Find the magnitude of m acceleration of the mass. (2 points)
2nf =8rad/s 3z T———ZT[\/7 \f—an

(a)%kAzzgm » vmax=A\/%=0.30><8=2.4m/s

(b) Ay = % = %A = (2nf)?A = 19.2 m/s?





