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P1. A stone is thrown from the ground vertically upward, with initial speed v, = 20 m/s.
Ignore air resistance.
a. How much time did the stone take to reach the ground again? (2 points)

b. Find the speed of the stone at a height of 7 m above the ground (point A)? (2 points)

&
41 =3=(A) ”
Vo 7

L 4

(a) y=y0+v0t+%at2 —>0=0+20t+%(—9.8)t2 @

>t=0sort=408s—> t=4.08s

(b)  vi=vi+2alya—yo) = vi=(20)*+2(— )

- vy =16.2m/s
Or Q
1 1 1 2 1
Emvo+mgh1=5va +mg%( ) +O=EUA+9.8X7

- vy, =16.2m/s @
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P2. Two vectors with magnitudes A = 10 m, and B = 15 m are shown. Vector Cis given by

the equation C = 34 — B

a. Find the magnitude of vector C. (3 points)
b. Find the direction of C, with respect to the positive x-axis. (1 point)
(a)
C, =3A, — B, = 3(Acos30°) — (Bsin60°) =13 m y 2
Cy = 34, — B, = 3(Asin30°) — (—B cos60°) = 22.5m
C=Ci+C;=26m 15
(b) . 5
6 =tan"! |Z| = 60° =)
x 60° B

massless pulley. Block m is movin

cline with uniform acceleration of

P3. Two blocks m = 10 kg and M are connected@@less cord over a frictionless and
e

magnitude a = 2 m/s?, as shown in the

a. Find the force of tension in th

a.
Block m:

x-axis: mg sin@ — F; = ma - F; = mgsinf — ma = 649 N

Block M:

Fr

X-axis: Fr — Mgsing = Ma - M = gsing +a

=94kg
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P4. A box with mass m is placed on a horizontal round table 15 cm from the center. The table
rotates with constant frequency of 45 rpm and the box just remains at its position. If the

rotation frequency is slightly increased the box slides off outward. Find the coefficient of

static friction (u,) between the box and the table. (4 points)
0.75H T ! 1.33
= — = . - = — = .
f 50 z 7 S
_2nR_2><3.14><0.15_071
VeI T 133 O07im/s
mv?
F. =Ffr _)Tzﬂsmg
v? 0.712 034
- =—=—=0.
Hs = Rg ~015%x98

P5. A spring with stiffness constant k = 109 N/m ar@ length [ = 6 m is fixed
vertically on the ground. A box with mass m = released from rest from a height

h, = 10 m as shown below. Find the speed qaffithe hen itis h, = 4 m above ground.

Ignore air resistance. v (4 points)

m

O hy =10 m

- > m
':%3 [l=6m = [ W A
. — 9 =
| . ! —

Ground

1 1 1, 2
Ei=E, - > Mvi +mgh; = S M3 + mgh, +§kx2

1 1
a0+5x93x10=§x5xv§+5x98x4+zxuwx(6—®2

- v, =55m/s
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P6. A 10 — kg box is moving on a rough horizontal surface and collides with a spring with
initial speed 5 m/s. The box comes to rest after the spring is compressed by x = 95 cm.
The spring stiffness constant is k = 100 N/m.

a. Calculate the work done by the force of friction. (2 points)
b. Find the coefficient of kinetic friction (u;). (2 points)

9@
1 1
Wyc = AKE + APE > Wy, = Ekx2 —Emv2

1 | %,
= Wiy, =X 100 X 0.952 == x 10 x 52 = =799 ] $

W, = Frrdcos(180°%) = —u,mgx

= 2 _ .86 Q
M = mgx
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P7. The h-shaped structure is made up of three uniform rectangular pieces as shown in the

figure. The three pieces have mass M; = 2.0 kg, M, = 1.5 kg, and M; = 3.0 kg. The x-
axis and y-axis are drawn for you. Find the coordinates of the center-of-mass of the h-

shaped structure. (4 points)

X (cm) y (cm)
M 2_ 22 _
1 2= 1 > = 11
M, 2+%=7 14+ =16 A
4 cm
M 6_ T |
3 2+6+5=11 =7 .
x My + x,M, + x5 M5
Xem = M, M, + M, 7.0 cm 14 cm
My +y, My +ys M3
Yeu = M, + M, + M, =103 cm
> X
P8. A 3 —m long uniform beam of mass =30 kg is fixed at the wall, and it is kept
horizontal by a vertical masslesskat‘ta ed to the ceiling from the edge of the beam. A
box of mass M, = 80 kg j pI e beam, as shown in the figure.
a. Find the force of tensi Temgertical rope. (2 points)
b. Find the magnitu ce on the beam due to the wall (Fy,). (2 points)
Ceiling
Vertical
rope |
Wall L
4 2 m L
Fy w
M, [

3m
The second condition of equilibrium (z,,.; = 0) about the hinge on the wall:
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~Myg X 1.5 — Myg X 2+ Fp X 3 =0 > Fp = 22009 — 670 N

The first condition of equilibrium (F,,.; = 0):
FW+FT_M19_M29 == O_)FW :M1g+M2g_FT :4‘08N

P9. A water supply pipe has a radius r; = 3 cm at the ground level and it narrows down to r,
at the top of the 25-m high building. The volume flow rate of water in the pipe is Q =

8 x 1073 m3/s. At the top, assume that the pressure is equal to the atmospheric pressure
(P, = 1 atm), and the water speed is v, = 25.5 m/s. The density of water is 103 kg/m3.

a. Calculate the water speed at the ground level end of ry, - s

the pipe (v,). (2 points)

b. Find the pressure at the ground level. (2 points) @ T

h=25m

(a) Equation of continuity

Q

Q=A4Av, =Av, > Q = 7T7”12V1 -V =

r Z
7 A
8x 1073 283
e d = = .
Y17 1(3 % 10-2)2 m/s
(b) Bernoulli’s equation \
i1t

Py +§Pv12 =5 +5p7;

1
- P, :Po+5pvz2
S P, = 6.66 L0
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P10. A 0.15-kg ball is attached to a horizontal spring on a frictionless table and oscillates
according to the equation: x = 0.2 cos(22 t), where x is in meters and ¢t in seconds.
a. Find the spring stiffness constant k. (2 points)

b. Find the ball’s speed when it is 0.1 m from the equilibrium position. (2 points)

2nf =22rad/sand A =02m

1

5= Zn\/% -k =mQnrf)? =72.6 N/m

1 1 1

— 2=_ 2 - 2
E—zkA ka +2mv 6
1 1 1
—>§><72.6><0.22=E><72.6><0.12+E><0.15><v2—>v=3

&
&
2

O





