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P1. A vertical hoop of radius R = 0.72 m is fixed to the ground. A small block of mass m = 0.2 kg is sliding
along the inside surface of the hoop without friction, as shown. At the lowest point (point A), the block has
a speed of 6 m/s.

a. Find the normal force exerted on the block at point A. (2 points)
b. Find the speed of the block at the top of the hoop (point B). (2 points)

(a) at point A

)

A

2_1
-mvy = -mvg + mg(2R)

: %,
/vf —4gR =2.8m/s $
P2. A 30 kg box initially at rest is pulled 5 m from @nt B along a rough horizontal surface
sh

(ux = 0.2), by a constant force of magnitude F 0 N, own.
a. Find the net work done on the box. (4 points)
b. Find the speed of the box at point B\ (1 point)

<
%
Il

(@)
Wr = Fdcos(6
WFfr = Fpr = —pFyd
= (mg — Fsin(60°))d
=—-112]
Whet = Wr + Wg, =413 ]
(b)
1
Wyt = AKE = Emv2 — Emvf v
=5.25m/s
OR

Fcos(60°) — uk(mg — Fsin(60°))
a=

m
= 2.75m/s?
v =v2 +2a(x —x,) > v=>525m/s
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P3. A 1000 kg car starts with 10 m/s speed at the top of an incline of height h. The car reaches the bottom
of the incline with 20 m/s in 8 s. The work done by the engine during this motion is 52000 ]J. Assume a
frictionless descend of the car.

a. Find the height h of the incline. (3 points)
b. Find the average power of the engine. (1 point)

(@) Wing + Weng = AKE -

1
mgh = —Wepg + Em(vz—vg) -

->h=10m h

(b) Peng = Wing = 6500W I

“,

P4. A block (m = 2 kg) moves on a rough surface (ud= .;rom point A with a speed of 9 m/s and
arrives at B with 3 m/s. The block there collide rel@ed spring (k = 450 N/m). The surface beyond

point B is frictionless.
a. Find the distance d between points\ rough
and B. (2 )
b. Find the maximum compre @ v=9 m/s W
spring. ints) I,
O (A) (B)

frictionless

(a) Wy, = AKE ®APE - %mvé — %mvj = —ymgd
-d=12m
1 1

(b) Emv]_% = Eerznax

Xmax = 0.2m
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P5. The figure below shows the leg of a person bent at 90°. The upper leg (ul), lower leg (Il), and feet (f)
have masses m,; = 21.5%, my; = 9.6%, and my = 3.4% of the total body’s mass. The corresponding

centers-of-mass are indicated by " x ". Find the x-coordinate and y-coordinate of the center-of-mass of

the entire leg, measured from the origin (point O). (4 points)

¥ _ XMy + xgymy; + Xfmf y

M My +my +mg 23.6 cm
_ 9.7%x 215+ 23.6 X9.6+23.6 X34 13.9
- 215+9.6+34 2o E
- Xcey =15cm |

_ YwMy + Yumy + yemy ’ X [y

Yem = m,,

my + my + mf
_285x21.5+182x9.6+1.8Xx3.4

21.5+9.6+3.4
- Yy =23 cm

28.5cm

y (cm)
my X i %) . 28.5
my 23.6 28.5—10.3 = 18.2
my % 23.6 1.8

P6. A wheel is rotati Qnstant angular acceleration of 0.08 rad/s?. At t = 0, the angular velocity

of the wheel is

a. Find the linear (2 points)

b. Find the magnitude of the total linear acceleration. (3 points)

@ w=w,+at=014+0.08%x2=0.26rad/s

v=rw=3X%X026=078m/s

(b) ap = %2 =0.20 m/s?

Argn = Ra = 0.24 m/s?

a =Jag? + argn? = /0.202 + 0.242 = 0.31 m/s?
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P7. A uniform horizontal rod of mass m = 2 kg and length [ = 12 m is pivoted at 4 m from the left end

(point A) by a vertical beam. Two additional forces (F; and F, ) are acting on the horizontal rod as shown.
a. Find the torque by each force, about the pivot.

(3 points)
b. Find the net torque, about the pivot. (1 point)
(@) 7 = +4 x 28 x cos(60°) = 56 N.m F; =24N
rg‘:) =0N.m MA)
T = 2x98x(6-4)=-392N.m  F, = 28N/<! ;
(0) 78 = 7+ o+ 7 Goe A

=56+0—-39.2=168N.m






