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1. A 50 kg painter stands on top of a 3 m platform on the roof of a 20 m building.

a) What is the painter’s gravitational potential energy (with respect to the roof surface).
ANs. Upiatform = MQYplatform = 1470 ]

b) What is the painter’s gravitational potential energy (with respect to the ground).

Ans. Uplatform+building = MQgYplatform+building = 112703

€) The painter jumps off the platform onto the rooftop. Using the roof as reference, what is
the kinetic energy of the painter just before he lands on the roof?

Ans. Kroor = Uplatform = 1470

d) Using the ground as a reference, calculate the kinetic energy of the painter just before
he hits the roof.

Ans. Kroor = Uplatform+building - Ubuilding =11270J - 9800 ] =1470 ]

2. An Olympic high diver (mass = 70 kg) stands on a platform 20 m above the surface of
the water.

a) What is the diver’s gravitational potential energy?
Ans. Uplatform = MQgYoplatform = 137201

b) The athlete in (@) then dives into the water. If it assumed that all of the diver’s potential
energy is conserved, what is the diver’s kinetic energy at the moment just before entering
the water?

Ans. Kat water + Uat water = Kplatform+ Uplatform = 13720 Jor Kat water = Uplatform = 137201

c) What is the diver’s speed just before entering the water?

2(13720 ]
Ans. V| = 2K_ M =19.8 0
m 70 kg s

d) Calculate the instantaneous power generated by the gravitational force just before the
diver enters the water.

Ans. P =mgV = (70 kg)(-9.82)(-19.82)= 13583 W

e) Determine the average power generated by the gravitational force to pull the diver to
the earth.

— 198 m “ ~
Ans. V., = [Zsj j=-9.97]

Therefore, P,,, = Mg-v,,, = (70 kg)(-9.82)(-9.92)= 6791 W
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3. A sheep (mass = 40 kg) scampering at 15 m/s jumps off the ledge of a cliff 15 m above
the ground below.

a) What is the sheep’s gravitational potential energy at
the top of the cliff? Use the ground level below the cliff
as reference. 1RO =

Ans. U = mgy = 5880 ] 1
b) What is the sheep’s kinetic energy at the top of the
cliff?

Ans. K= 1mv.V = 1(40 kg)(152)° = 4500 J

2

15 m

B

¢) Neglecting air drag, how much does the sheep’s
kinetic energy change during its fall (just before it

impacts the ground below)? — A
X

Ans. AK = -AU = 4500 ]

d) What is the sheep’s speed just before impacting the ground?

Ans. |V,| =152 and |v,[ = /2$K= fz(igokzj)ﬂlo?

¥ = (152 + (17.020= 227 =

e) What is the magnitude and direction of sheep’s velocity just before impacting the
ground?

Ans. from above: |V| =22.7 2 and 6, = tan'l(_llg'é)ms]: -48.6°

In component form: v =150 i- 17.02 j

f) Calculate the instantaneous power generated by the gravitational force just before the
sheep hits the ground.

Ans. P =mg-v = (40 kg)(-9.82)(-172)= 6664 W

g) Determine the average (time) rate of mechanical energy transfer to the sheep during its
fateful descent.

m A

Ans. The average rate of power is: V,, = (157) i + ( ZSJ j=152]-8.52]

Therefore, P,, = mg-v,,, = (40 kg)(-9.8)(-8.52)= 3332 W
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4. A mass (2 kg), at rest, is attached to an ideal spring (k=500 N/m) along the surface of
a 40° incline. The mass is positioned 1.0 m up the incline (from the base of the incline).

a) What is the total mechanical energy of the mass-spring
system? Use the base of the incline as reference.

Ans. Emech=Uo, + Ko = mgy, (Ko=01J)
Emecn=(2 kg)(9.8 m/s?)(1m)(sin40°)= 6.30 ]

b) An external applied force pulls the mass 0.2 m down
the incline, stretching the spring, then releases the
mass. How much mechanical energy does the external
applied force transfer to the mass-spring system?

Ans. W, = AE,.. = AK + AU, + AU,

applied

mech spring

40°"

W. = 1kr® + mgAy = 1(500%)(0.2 m)° + (2 kg)(9.83)(-0.2 m)sin40°

applied

W. =10J-2.52]=7.48] = AE

applied mech

Alternatively,

Wippied = j:ﬁapp”ed- df = j:f(-kf + mg)- df

W, iea = -I: krdr(cos180°) + f:mgdr(c0550°)

W, pies = I:krdr + I:f mgdr(cos50°)

W,iea = (2Kr? + mgcos50°r)|7 = 1(5001)(-0.2m)”- (2kg)(9.82)cos50° (-0.2m)
W,opies = 7.48 3 = AE, .,

c) What is the difference between the gravitational potential energy (AUy) for the mass
between its initial position and the stretched position just as it is released?

Ans. AUg = mgAy = (2 kg)(9.8 m/s?)(-0.2m)(sin40°%)= -2.52 ]
d) What is the difference between the elastic potential

energy (AUspring) for the mass between its initial position
and the stretched position just as it is released?

Ans.  AUgpring = V2 kr> = 2 (500 N/m)(-0.2m)*= 10 ]

e) What is the total mechanical energy of the mass-
spring system at the stretched position just as it is
released?

Ans. Emech= (Emech)initial + AUg + AUspring
Emech= 6.30 ] + (-2.52 1) + 101 = 13.78 ]

f) What is the speed of the mass just as it reaches its initial (equilibrium) position?

2(-AU_ . -AU -
Ans. V| = ,/zriK =\/ ( S:":g o) =\/2(10 J2k§.52 ) - 2.73%

40°:"
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g) If the kinetic friction coefficient between the mass and the incline is 0.2, how fast is
the mass traveling when it reaches the initial (equilibrium) position?

| = wFy = umgcosa0® =(0.2)(2 kg)(9.8 2)cos40° = 3.00N

m

= Emech initial Wfk =K+ Ug
mech final 13.78 ] - kar cos180°

mech final = 13 78-] - 0 6-] = 13 18.]
= Emechfmal - =13.181-6.30

K=6881 = [1 = /2 = /28k2J= o

mech final

A mm

Alternatively, since W f (3.00 N)(0.2 m)cos180°= -0.60 ]
o = /2AK \/2(-Ausprmg-AUg +W,) _[(107-2523-0603) _, .,
m 2kg e

h) Calculate the nonconservative work performed on the mass-spring system (with
friction) as the mass travels from its stretched position to the equilibrium position.

Ans. Wy. = W, =-0.60 J (all other forces in this system are conservative)



