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P1. A bicycle starts from rest at point A (0, —6 m) and moves toward point B (0, 0) with
constant acceleration 4 m/s2. At point B the cyclist begins to brake uniformly at a rate of

2 m/s? until coming to rest at point C. The whole motion is along y-axis. Find:

a. The time taken to travel from A to B. (1 point)
b. The speed of the bicycle at point B. (1 point)
c. The position of point C. (1 point)
d. The average velocity for the whole trip. (2 points)

(a)A—>B:y=yO+vot+%at2—>t=tA_,B =1.73s

bA-Bv=v,+at->v=0+4-173=692m/s

v2-v§ _ 0-6.922

= 12m - +12m
2a 2(-2)

(c) B - C:v? =vi + 2aly -» Ay =

(d)B_>C:U=v0+at—)t=tB—>C=v_avo_0 692@

ttotal = tA—>B + tB—>C = 1.73 + 3.46 = 519 S

A — 12— (-6
Aocp=Y_Yemya _127(20) 4
At trotal 5.19
P2. A student walks with constant spegd by E'owing the paths A = 200 m, and B = 400 m,

as shown. The total time of the trip i

a. Find the magnitude of the total displacement (F). (3 points)

b. Find the direction of e : (1 point)

c. Find the average the student. (1 point)

(@) D, = A, + B, = Asin(60°) + B,

y
= 200sin(60°) + 0 = 173.2 m
D, = A, + B, = —Acos(60°) + B,
A
= —200co0s(60°) + 400 = 300 m
D = /D + D =+V173.22 + 3002 = 346.4m B
(b) 6 = tan" () = 60°
Total Dist 200+400 q
(c) average speed = = aTirl:eance = orac00 = 0.33m/s I 69-
X




Kuwait University — College of Science — Physics dept. — PHYS 121 Spring 2025/2026 (May 14, 2026)

P3. A 12 kg box is placed on a 30° incline with a rough surface. A constant force of
magnitude F = 180 N is applied on the box as shown below. The coefficients of friction are

us = 0.4 and y;, = 0.3.

a. Determine whether the box moves by the applied force. Justify your answer with

calculations. (3 points)
b. If the box moves, find its acceleration. If it does not move, find the static force of
friction. (2 points)

(a) (Ffr,s)max = Fyus = mgcos(30)u, = 40.7 N
F —mgsin(30) = 121.2 N

F —mgsin(30) > (Ffm)max — The box moves
() \3

XF, = ma, » F —mgsin(30) — Ff. ), = ma - @
F —mgsin(30) — mgcos(30)uy
a= — = 7.55 m%

P4. A 1000 kg car is driven up a ramp at 10¢- In 50 s, the car moves 500 m along the ramp

at constant speed. A net friction forc N acts opposite to the motion. During this motion

find: Q
a. The work done by th er@ rce. (2 points)

b. The average powegdelivered by engine. (1 point)

(@) Feng — Fpr — mgsin(10°) = ma -
Fong = Fpr + mgsin(10°) = 2.5 X
103N
Wi, ., = Fongd = 1.25 X 109

— Wg 1.25x10°
(b)Pr,,, = —& = ~=—— =25 X

10*w
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P5. Abox (mass M = 2 kg) is released from rest at a height of h = 1.3 m on a frictionless
incline. It reaches point B and then moves along a rough horizontal surface of length AB =
2.1 m. After reaching point A, the box continues on a frictionless horizontal surface and
compresses a spring by 5 cm, where it momentarily comes to rest. The mass then rebounds
and finally stops at point C.

a. Find the coefficient of kinetic friction (u;,) for the rough surface. (2 points)

b. Find the spring constant. (2 points)

&

(a) From starting point until point C @

WNC = AKE + APE - @
=(0—0)+ ((040) — (0 + Mgh)) 6

—Mguk(BA +AC) = —Mgh -, = ?ﬂ»

(b)From max. compression until p

Wyc = AKE + APE — Wy 0) + (0 +0)—(0+= ! kxz))

2 - Mgu,AC
ZQ=L=8491 N /m

- —MguAC = —>
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P6. A motor rotates a wheel uniformly through 20 revolutions in 5 seconds. When the motor
Is switched off, the wheel rotates with constant angular acceleration and comes to rest after 6
revolutions.

a. For a point on the disk located 2 cm away from the axis of rotation, find the

centripetal acceleration while the wheel is rotating uniformly. (2 points)
b. Find the angular acceleration (a) of the wheel. (2 points)
rad

@w =2rnf = 27‘[— = 8m

ap = w?R = 12.6 m/s?

(b)N = % - A0 = 12n rad

w; —w? 0—(8m)?
wf = wi +2ah0 — a = ool 0= (6n) =—8.4&l

200 2(12m)

P7. A leg of an athlete is bent during a stretching p@&shown below. The upper leg has
mass m; = 15.1 kg, while the mass of the lo d feet together is m, = 9.1 kg. Find

the x —coordinate and y —coordinate o%nter-of—mass of the leg, measured from

the origin (point O). (4 points)
¥ _Xamy + xpmy +x,m, 6
cM = my +m,
9 6 X 15. 1 + 29 5 X
B 15.1 + 9.1
yimy +y,m;
Yem =
m; +m,
B 25.9x 151+ 15.6 x9.1
B 15.1+9.1
x (cm) y (cm)
my 23.6—14 =96 25.9
m, 23.6 + tan(30°) x 10.3 = 29.5 259 -10.3 =15.6
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P8. A uniform horizontal beam of mass m = 200 kg and length L = 6 m is hinged to a wall.
A cord is attached to the beam at a point 1 m from the free end, as shown. The cable makes
an angle of 30° with the beam. The structure is in equilibrium.

a. Find the tension in the cord. (2 points)

b. Find the y —component of the force exerted by the hinge. (1 point)

(a) The second condition of equilibrium

(T, = 0) about hinge:

L
FTX(L—l)XsinSOO—mgXE=0

L
mg X =

_ 2 _
- Fr = (L—1)><sin300_2352N @
(b) The first condition of equilibrium: @Q

Fyy + Frsin30° —mg =0 - Fy, = 784 N c‘

P9. A uniform board of length L = 4.6 m s m = 52 kg is supported at point A and
B, as shown. The distance between poifgs A and B is 1.2 m and the end of the board is 3.4 m
to the right of B. A diver of ma @nds at the right end of the board. If support A can

withstand a maximum force , find the maximum mass M of the diver. (3 points)

The second condition ilibrium
(Ther = 0) about point (B):

4.6
FAxl.Z—mgx<7—1.2>—Mg><3.4
=0

Fax1.2-mgx(22-1.2
BVl ai) S S
gx3.4
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P10. Intravenous (IV) infusion is done under gravity as shown below. The blood pressure in
the vein is 60 mm Hg (1 mm Hg = 133 Pa) and the 1V fluid density is 1050 kg/m3.

a. Find the minimum height above the vein at which the bottle must be placed so the
fluid barely enters the vein. (2 points)

b. If the fluid speed inside the needle is 0.4 cm/s and the inner radius of the needle is

0.4 mm, find the volume flow rate of the fluid through the needle. (2 points)
— _4p
(a) AP —pgh—>h—pg—>
60x133 _ o
1050x9.8 oM
(b)
Q = Av = nr?v -
Q =m(4%x 1074204 x 1072 = 2 X 10~9m3/s @

2
S
Y
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