Problem 1 GP1-108
What 1s the spring constant of a spring that stores 27] of elastic potential energy when

compressed by 8.5cm? (01/]\E8)
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Problem 2

In the figure, a 2 g ice flake is released from the edge of a hemispherical bowl whose radius r 1s 22 cm.
The flake—bowl contact is frictionless. (a) How much work is done on the flake by the gravitational
force during the flake’s descent to the bottom of the bowl? (b) What is the change in the potential
energy of the flake—Earth system during that descent? (c) If that potential energy is taken to be zero at
the bottom of the bowl, what 1s its value when the flake 1s released? (d) If, instead.the potential energy
1s taken to be zero at the release point, what 1s its value when the flake reaches the bottom of the bowl?
(e) If the mass of the flake were doubled, would the magnitudes of the answers to (a) through (d)
increase, decrease, or remain the same?
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(c)u= ]
04: ANS:=4.31E-3

(a)W= J
02: ANS:=4.31E-3
(b)AU= ]

03: ANS:=-4.31E-3

(d)U= ]

05: ANS:=-4.31E-3

(@)W = mgh = (2 x 10 °kg)(9.8m/s%)(22 x 10 *m) = 4.31 x 107°J
(AU = —W = —4.31 x 1073J

(U = +4.31 x 10737

(DHEIBIRIFU =0 - BITEMESSU = —4.31 x 10 3J

()W =mgh - BEEmE2E  FIAZEETZE2E -



Problem 3
The figure shows a thin rod, of length L = 2 m and negligible mass, that can pivot about one end to

rotate in a vertical circle. A ball of mass m = 5 kg i1s attached to the other end. The rod is pulled aside
to angle @ = 30" and released with initial velocity ¥y = 0 . As the ball descends to its lowest point, (a)
how much work does the gravitational force do on it and (b) what 1s the change in the gravitational
potential energy of the ball —Earth system? (¢) If the gravitational potential energy 1s taken to be zero at
the lowest point, what 1s its value just as the ball 1s released? (d) Do the magnitudes of the answers to
(a) through (¢) increase, decrease, or remain the same if angle € is increased?
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Problem 4
Att = 0a 1.0 kg ball is thrown from a tall tower with v = 187 + 245 m/s. What is AU of the ball-

Earth system between t = 0 and t = 6 s (still free fall)? (01/)\E8)
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Av= U=Vt -285)T
11: ANS:=-317.5 "t'-"- 5
O, = ((£,24)+ C9.€X6)
HEBREPE v = Q8,m3¢.8)
NIBER L2 \ (U \=39.18 [F)=30
— E}JI—\tZEZ,ﬂ:E \L \ i
= - (B)EEEEE) 0, . +=06 E:M‘?f.

O pus-ak=Lm(6-37€)
= =3 7, 3




Problem S
A 3.2 kg sloth hangs 3.0 m above the ground. (a) What is the gravitational potential energy of the sloth

—Earth system if we take the reference point y = 0 to be at the ground? If the sloth drops to the ground
and air drag on it 1s assumed to be negligible, what are the (b) kinetic energy and (c¢) speed of the sloth

just before it reaches the ground? (03/]\ié8)

(a)U = mgh = (3.2kg)(9.8m/s*)(3m) = 94.J

(b)The mechanical energy is conserved, so K = 94.J.

~ [2K  [2(94J)
(v = e 32kg = T.Tm/s




Problem 6

The length of the string in the figure 1s L, has a ball attached to one end, and

- L -

1s fixed at its other end. The distance from the fixed end to a fixed peg at —
point P is d (> L/2). When the initially stationary ball is released with the '
string horizontal as shown, it will swing along the dashed arc. What is its \ d
speed when 1t reaches (a) its lowest point(vz) and (b) its highest point after \\\
the string catches on the peg(vp)? (02/]\E8) \\\ Pet
(a) vp=___[g,L] R
15: ANS:=sqrt(2*g*L) L T S ) _

} mgL—znn =>v=,2gL . W\\IE WL >0
(b) vp=___ [gfl—rd] m % = Y_
16: ANS:=sqrt(4*g*d-2*g*L) B . _ X
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Problem 7

The figure shows a stone of mass m at rest on a spring. The spring is compressed y 0 by the stone. (a) What
1s the spring constant k£? (b) The stone 1s pushed down an additional distance d and released. What is the
elastic potential energy(Us),) of the compressed spring just before that release? (c) What 1s the change in the
gravitational potential energy(AU,) of the stone—Earth system when the stone moves from the release point

to its maximum height? (d) What is that maximum height(k), measured from the release point? (04/)\E8)
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Problem 8

In the figure, a block of mass m is released from rest on a frictionless

incline of angle f=theta. Below the block 1s a spring with spring

constant k. The block momentarily stops when 1t compresses the -
spring by x. (a) How far does the block move down the incline from

its rest position to this stopping point? (b) What 1s the speed of the ﬁ(&

block just as it touches the spring? (01/)\E8)

the distance the block moves down= [k,x,m,qg,theta] /\59

21: ANS:=(k*x**2)/(2*m*g*sin(theta))
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Problem 9
The potential energy of a diatomic molecule (a two atom system like H, or O-) 1s given by

y_ A _B RFIEILUEBE IS
= P BB 5 B2

where r 1s the separation of the two atoms of the molecule and A and B are positive constants.
This potential energy is associated with the force that binds the two atoms together. Find the
equilibrium separation—that is, the distance between the atoms at which the force on each atom
is zero. (01/)\iEd)

The force at the equilibrium position r = req 1S
the equilibrium separation, r,,=____ [A,B] 124 + 6B
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23: ANS:=1.12*(A/B)**(1/6) dr
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which leads to the result



Problem 10

In the figure, a small block of mass m 1s sent through point A
with a speed of v. Its path 1s without friction until it reaches the
section of length L, where the coefficient of kinetic friction 1s
. The indicated heights are h; and hs. What are the speeds of the
block at (a) point B and (b) point C? (¢) If the block can reach

point D, what is 1ts speed there; 1f not, how far through the
section of friction does it travel? (03/)\Z8)

(a)vp=__ [m,v,g,h_1,h_2,mu_K]

24: ANS:=sqrt(v**2+2*g*h 1)

(b)ve=__ [m,v,g,h_1,h_2,mu_K]

25: ANS:=sqrt(v**2+2*g*(h_1-h 2))

(c)d= [m,v,g,h_1,h_2,mu_Kk]

26: ANS:=(v**2+2*g*(h_1-h 2))/(2*mu_k*g)
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Problem 8

In the figure, a block of mass m is released from rest on a frictionless
incline of angle f=theta. Below the block 1s a spring with spring
constant k. The block momentarily stops when 1t compresses the
spring by x. (a) How far does the block move down the icline from
its rest position to this stopping point? (b) What 1s the speed of the

block just as it touches the spring? (01/)\E8)

m

the distance the block moves down= [k,x,m,qg,theta]
- s= (K*x** *m*q*si s S — (=0.35-0.055=029 m
21: ANS:=(k*x**2)/(2*m*g*sin(theta)) K, +U,=K,+U,
B Ay=—/lsmf=-015m
0+ mgh = 0+:kx‘ '
F 210N " 2 TR .
k=—= =1.35x10" N/m. R
x 0.02m ' > (1.35x10° N/m)(0.055 m) h=0
I k™ 22 . N/m)(0. m) —0.174 m EHHB +mgAh =
2mg 2(12 kg) (9.8 ny/s”)
I . |
—— =siné vy =+/—2gAh
(b)speed, v=__ [m,q,x,k, theta] LT e— =./-(98)(-015)
: —
22: ANS:=sqrt(0.5%k*x**2-m*g*x*sin(theta)), - =17 nys.




