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P1. A rock is thrown straight up from the top of a 20 m tall building with an initial speed of
10 m/s. Ignore air resistance. Find:

a. The speed of the rock just before it hits the ground. (1 point)
b. The time it takes for the rock to fall from the highest point to the ground. (1 point)

c. The average velocity of the rock, for the motion between the highest point to the

ground. (2 points)

Taking +y direction upwards and origin to be at the top of
the building.

@vf = v§ + 2ady - vy =

J(10)2 + 2 x (—9.8) X (—20) = 22.2m/s

Ground
. _ v}—vé _ 0-102 _
(C) vV = Ug + 2aly - hmax  2a  2(-9.8) 5%
A —20 — (+5.1
5=—y— ( )=—11.1m/s

At 2.3
P2. A 1.5 — kg block slides on a horizo rotigh surface towards a spring of constant

650 N/m. At a distance of 0.40 mwhe ee end of the unstretched spring, the speed of
the block is 3.0 m/s. Them im@w ession of the spring is 0.12 m. Find the coefficient
of kinetic friction betwee and the surface. (3 points)

O

1 1
Wye = AKE + APE — Fp.(L + x) cos(180) = —Emv2 + Ekx2 -

1

1
—emg(L + x) = —Emv2 + Ekx2
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P3. A 20 — kg mass is connected to a massless spring (k = 380 N/m), by a massless cord

over a frictionless pulley. The spring is initially at equilibrium. A vertical pulling force F lifts

the mass from rest at point A to point B, 0.1 m higher. At B, the speed of the mass is 3 m/s.
a. Find the work done by the force F during this motion. (2 points)

b. Find the magnitude of the average power delivered by the force of gravity during this

motion, taken to be 0.07 s. (2 points)

1 1
Wr = (Emvz — 0) + (mgy + Ekxz) =111.5] 6
" \

(b)Pr, = —

e @
t t

P4. A 5 —kg block moves on a frlctlonles

makes an angle of 60° with the horizontal. orce of magnitude F = 60 N is applied
to the block at an angle of 30° wi respe to the incline, accelerating it uniformly up the
plane, as shown. The block remai ntact with the surface during the motion.

a. Draw the free-body T the mass. (1 point)

b. Find the accele@ e mass. (3 points)

(b)
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XE, = ma, — Fcos(30) — mgsin(60) = ma
Fcos(30) — mgsin(60) = ma

Fcos(30) — mgsin(60)
a =

= 1.9m/s?
— m/s

P5. A structure made up of two uniform rectangular pieces is shown below. The two pieces

have mass M; = 3 kg, and M, = 1 kg. Find the x-coordinate and y-coordinate of the

center-of-mass of the structure, measured from the origin (point O). (4 points)
X My + x; M, y 1
Xom = M, + M,
_6x3+11x1
B 3+1
- Xey = 7.25cm
Vo — 1My + y. M, _
M M; + M, 2 cm
_2x3+5x1 v
S 341 6 cm
- Yoy =2.75cm
] X
12 cm
\ cm) y (cm)
M, E _ 6—-2
<
6 2
Mz +2-6+5=11 44-=5
P6. A person holds hi ontally in equilibrium, as shown. The mass of the arm is
m = 3.5 kg and e mass is at point C. The tendon exerts a force Fr atan angle of
12° above th izQntat (point A), while the shoulder joint force is E) (point O).
a. Find the nitude of the tendon force (Fr). (3 points)

b. Find the vertical component of the shoulder joint force (Fyg,). (1 point)
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(b)About O: Xr =0 — 0 + Fy, X 0.08 — Fg X 029 = 0 > F, = 1243 N
Fr, = 1243 N = Frsin(12) —» Fr = 598 N

(C)ZFy=O—>FTy—F5y —-mg=0- Fs, =Fr, —mg=90N

P7. A rotating disk of radius R = 1.2 m accelerates uniformly from rest to a tangential (rim)

speed of 3.0 m/s in 0.5 s.

a. Find the angular acceleration a. (2 points)

b. Find the number of revolutions made during this time. (1 point)

c. Att = 0.5s, find the magnitude of the total acceleration of a poi the rim of
the disk. %

(@) a)f=%f=2.5%, czzATw=5rad/s2 Q\

(b)w? = w? + 2aA0 — Af = 0.625rad, N = 2 = 0,
2T

(2 points)

2

(C)aR=%=7.SSEZ,at=Ra=6.OSEZ,at0t= =96 —

2

of height 0.5 m and bottom surface area of 10 m?2.

ate required to fill the tank in 2 hours. (2 points)
t the bottom when the tank is full. (1 point)

P=p-g-h—>P=49-10°Pa
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P9. Water (p = 103 kg/m?) flows through a pipe that changes in height and cross-sectional
area. At point 1, the pipe is at height y; = 1.0 m and the fluid speed is v; = 2 m/s. At point
2, the pipe isat y, = 3.0 m and the fluid speed is v, = 4m/s.

a. Find the pressure difference (P; — P5) between the two points. (2 points)
b. The radius of the pipe at point 2 is 0. 5 m. Find the cross-section area

at point 1. (2 points)

1
P, + Epvzz +pgy,

1 2
=P +§pv1

+ pgy1
1
P1_P2=5P(U22_vf)+

pg(y2 —y1) = 25600 Pa

Az'v2=A1'v1_)

U
= 1.57 m? Q
%1

mre - v,
P10. A particle of mass m = 1.0 4g is atta@hed to a spring with spring constant 100 N/m.
The total energy of the system i e particle performs simple harmonic motion on a
surface starting from the equiib sition.

- A =

a. Find the amplitude of @ ion. (1 point)

b. Find the maxj u of the particle. (1 point)

c. Find the paxi acceleration (magnitude) of the particle. (1 point)

d. Findthee of the particle position as a function of time. (2 points)
(Q)E =skA? > A= [==032m

1 1 k
(b)Ekv,fwx = EkAZ > Vpax = A\/% =3.16m

Frax _ kA
() amax = % = — = 31.6 m/s?

(d)w = \/g =102 x(t) = 0.32 sin (10 £)

N





