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P1. A vertical hoop of radius (R) is fixed to the ground. A small block of mass m = 0.2 kg is sliding along
the inside rough surface of the hoop, as shown. At the lowest point (point A), the block has a speed 6 m/s
and the normal force exerted on it is Fy = 12 N.

a. Find the radius R of the hoop. (2 points)
b. Find the minimum speed of the block at the top of the hoop (point B), in order for it to continue

moving in a circular path without falling. (2 points)

(a) at point A B

va
Fy —mg =m-_=

(b) Fy + mg = m% (Eq. 1)

For the minimum speed required @ A
for circular motion at B, ;

Fy = 0and (Eq. 1) V™ = /Rg = 2.7 m/s Q
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P2. A force F pulls a 30 kg block along a frictionless incline with

constant speed, as shown. F. ]
a. Find the work done by F as the block moves from bottom to the 20 m
top of the incline. (3 points) 300 l
b. Find the average power of the force F if it takes 1 minute to reach o
the top of the incline. (1 point)
(@)

F—mgsin(30°) =0 = F =mgsin(30°) =147 N

sin(30°) = % >d=40m

W = |F||d]| cos (8) = 147(40) cos(0) = 5880 J 6
OR &

Z W =AKE =0 @

Wy +We =0 = Wy = — W, = mgh = 30(9.8) 80 J

P—W—5880—98 tt
=T =5 = 98wa \
9,
=Fvc @ + cos(0°) = 98 watt

]
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P3. A spring (k = 200 N/m) is compressed by x from its natural length and has a 2 kg mass at one end. The
spring is released (at point A) and the mass moves from rest along the horizontal surface and enters (at point
B) a semicircular loop or radius R = 1 m. Ignore friction forces.

a. Find the compression (x) of the spring so that the mass pass from point C with 3 m/s. (2 points)

b. Find the work done by the force of gravity on the mass from B to C. (2 points)

(a) %kxj +0= %mvg + mgR

/mv2 + 2mgR
= X4 = %:053771

(b) Wy, = —APE = —(PE; — PEg) = —mgR

— Wy = —19.6] é
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P4. A block (m = 2 kg) is projected from point A with a speed of 9 m/s and strikes a relaxed spring at point

B with a speed of 3 m/s. The block compresses the spring a maximum distance of 0.2 m.

a. Find the work done by friction on the block rough

between points A and B. (2 points)
b. Find the spring stiffness constant (k). (2 points) v=9m/s /YWWVW

(A) (B)
frictionless
(a) EB - EA = Wfk
1 2 1 2
Wr, = EmvB - Eva =-72]
(b) 2mvg = L2 & b

mv3

xmax
2(3)>
= 557 = 450 N/m $
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P5. The figure below shows the arm of a person bent at 90°. The mass of each part of the arm is shown in
the figure. The corresponding centers-of-mass are indicated by " x". Find the x-coordinate and y-

coordinate of the center-of-mass of the entire arm, measured from the shoulder joint (point O).

(4 points)
XMy, + Xpmye + xpmy, y
Xem =
my +me +my
_ (342-17.1) X 2.5+ 34.2 X 1.6 + 34.2 X 0.64 i DA
B 2.5+ 1.6 + 0.64 4 — -
- XCM = 252 cm
_ YuMy + yemye + ypmy 22.0cm
YCM -
m, + mg + my
_ 0x254+124x 1.6+ (12.4+ 22) X 0.64
B 2.5+ 1.6 + 0.64
- Yey =8.83cm
X
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P6. A rotating wheel is slowing down at a rate of 1.5 rad/s?. At t = 0, the angular velocity of the wheel is

12 rad/s.
a. Find the linear velocity of a point which is 40 cm from the rotation axisatt = 6 s. (2 points)
b. Find the number of revolutions needed for the wheel to come to rest (from t = 0). (2 points)

@w=w,+at=12—-15%x6 =3rad/s

v=rw=040%x3=12m/s

2_,,\2 2_192
(b)wzzwg_l_za(e_eo)_)Ae:a) (1)0_0 12

= =48 rad
2a 2(=1.5)

A0 48
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P7. The figure shows three forces acting on a disk of radius r = 40 cm.
a. Find the initial torque by each force, about the pivot point A. (3 points)
b. Find the initial net torque, about the pivot point A. (1 point)
(@) ‘L'l(;f) =0N.m
tW=_yF=—-4Nm
E = 2= :
Tff:) = (2r) F3sin(30°) = 2N.m
(b) ) = ‘L'l(;f) + ré‘:) + ‘L'I(;?) =0-4+2=-2N.m

net






