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(a) A particle moves from x; to x, in response to

a changing force in the x-direction.
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(a) A particle moves from x; to x, in response to
a changing force in the x-direction.
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(a) A particle moves from x; to x, in response to
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(a) A particle moves from x; to x, in response to
a changing force in the x-direction.
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(a) A particle moves from x; to x, in response to
a changing force in the x-direction.
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The area under the graph represents the work
done on the spring as the spring is stretched
from x = 0 to a maximum value X:

W= kx>
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(a) Stretching a spring from elongation x,
to elongation x,
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(a) Stretching a spring from elongation x,
to elongation x,

VUVUVLR VRV

| | | X
x =10 X = Xy X = X,

(b) Force-versus-distance graph
The trapezoidal area under the graph represents

the work done on the spring to suuls.,h It Imm
|
x=xtox =x, W —,th——iml

55




A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of

the spring and the total work done on it during the compression.
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A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of

the spring and the total work done on it during the compression.
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A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of

the spring and the total work done on it during the compression.
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A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of

the spring and the total work done on it during the compression.

6 OM/ Because of our choice of axis, both the
lorce component and displacement are

-
m - 1
negative. The work on the spring is positive. |

\!/Asu

59




A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of

the spring and the total work done on it during the compression.
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A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of

the spring and the total work done on it during the compression.
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A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of

the spring and the total work done on it during the compression.
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A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of

the spring and the total work done on it during the compression.

Because of our chowce ol axis, both the
lorce component and displacement are

negative The work

. om the SPring 1s |'Iw.'I*-.I!I". e, |

63




A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of

the spring and the total work done on it during the compression.
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A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of
the spring and the total work done on it during the compression.
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A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of
the spring and the total work done on it during the compression.
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A woman weighing 600 N steps on a bathroom scale that contains a stiff spring (Fig. 6.2115),

In equilibrium, the spring is compressed 1.0 cm under her weight. Find the force constant of
the spring and the total work done on it during the compression.
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is kinetic friction with coefficient p, = 0.47.
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is kinetic friction with coefficient y, = 0.47.

m=0ilky , K=20Mp
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is kinetic friction with coefficient y, = 0.47.
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is kinetic friction with coefficient y, = 0.47.
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is kinetic friction with coefficient y, = 0.47.
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is kinetic friction with coefficient y, = 0.47.
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is kinetic friction with coefficient y, = 0.47.
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is kinetic friction with coefficient y, = 0.47.
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is kinetic friction with coefficient y, = 0.47.
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is lcmetlc friction with coefficient py, = 0.47.
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is kinetic friction with coefficient y, = 0.47.
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An air-track glider of mass 0.100 kg is attached to the end of a horizontal air track by a

spring with force constant 20.0 N/m (Fig. 6.22al0). Initially the spring is unstretched and the
glider is moving at 1.50m/s to the right. Find the maximum distance d that the glider moves
to the right (a) if the air track is turned on, so that there is no friction, and (b) if the air is
turned off, so that there is kinetic friction with coefficient y, = 0.47.
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W= S?:-&E = SFcos{c&
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L\)o/k ZNWOr rnpf-ion a/Qt)/véI’ a CcuaVvl

W = S{: Q9 j,—cos{& j 3 cQ,Q

(a)
" P,
F _e
P 7
1 i

During an infinitesimal displacement dl,
the force F does work dW on the particle:

dW = F «dl = Fcos ¢ dl
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During an infinitesimal displacement dl, 2
the force F does work dW on the particle: Only the component of F parallel to the

displacement, Fj = F cos ¢, contributes

dW = F+dl = Fcos ¢ dl :
to the work done by F.
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a

swing (Fig. 6.24al7). His weight is w, the length of the chains is R, and you push Throcky
until the chains make an angle @, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and gradually increases just enough that Throcky and the swing
move very slowly and remain very nearly in equilibrium throughout the process. (a) What is
the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do by exerting force F? (Ignore the weight of the

chains and seat.)
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a

swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and gradually increases just enough that Throcky and the swing
move very slowly and remain very nearly in equilibrium throughout the process. (a) What is
the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ R/ @O/ F
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a

swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and gradually increases just enough that Throcky and the swing
move very slowly and remain very nearly in equilibrium throughout the process. (a) What is
the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ R/ @O/ F
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a

swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and gradually increases just enough that Throcky and the swing
move very slowly and remain very nearly in equilibrium throughout the process. (a) What is
the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ R/ @O/ F
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and gradually increases just enough that Throcky and the swing
move very slowly and remain very nearly in equilibrium throughout the process. (a) What is
the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ R/ @O/ F T Ex
a'ﬁ/& WTOT-‘ L .
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and gradually increases just enough that Throcky and the swing
move very slowly and remain very nearly in equilibrium throughout the process. (a) What is
the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ R/ @O/ F T Ex
a'ﬁ/& WTOT-‘ L .
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

2
chains and seat.) w/ R/ @O/F T \ l____)<
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

2
chains and seat.) w/ R/ @O/F T \ l____)<
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

2
chains and seat.) w/ R/ @O/F T \ l____)<
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

2
chains and seat.) w/ R/ @O/F T \ l____)<
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

2
chains and seat.) w/ R/ @O/F T \ l____)<
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a

swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky

until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal

force F that starts at zero and graduallyi

move very slowly and remain ve

that Throcky and the swing

early in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in

the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ R/ @O/ F
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ 2/ @O/ F T Ex
Zind Wror N
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Sh=B ¥ Zh=

$ F = Te, $ W= Tcos&
S F=wtar® . AN ,
45 < (R46Xcoso+]5® | -

\!/Asu

|
———— e ———
'::LJ

98




At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ 2/ @O/ F T Ex
Zind Wror N
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ 2/ @O/ F T Ex
Zind Wror N
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ R/ @O/ F T Ex
a'ﬁ/& WTOT-‘ L .
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ R/ @O/ F T Ex
Zind Wror N
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ 2/ @O/ F T Ex
Zind Wror N
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ R/ @O/ F T Ex
a'ﬁ/& WTOT-‘ L .
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal
force F that starts at zero and graduallyi i that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in
the chains? (c) What is the work you do b}:e\xerting force F? (Ignore the weight of the

chains and seat.) w/ R/ @O/ F T Ex
a'ﬁ/& WTOT-‘ L .
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At a family picnic you are appointed to push your obnoxious cousin Throckmorton in a
swing (Fig. 6.24alF). His weight is 1, the length of the chains is R, and you push Throcky
until the chains make an angle 8, with the vertical. To do this, you exert a varying horizontal

force F that starts at zero and graduall that Throcky and the swing

move very slowly and remain veri\gearly in equilibrium throughout the process. (a) What is

the total work done on Throcky by all forces? (b) What is the work done by the tension T in

the chains? (c) What is the work you do by exerting force F? (Ignore the weight of the

chains and seat.) WF —\J « SS,NG&Q
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Work you do on the box
to lift itin At = 5s:

AW 100 J
Your average power output:
AW 100 J _
) —_— —_— . g /
P As s 20 W
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Work you do on the box
to lift itin At = 5 s:

AW = 100
Your average power output:
AW 100 J
) — — = — ) '
Po= % 5. —20W

Work you do on the same
box to lift it the same
distance in At = 1 s:

AW = 100]
Your average power output:
9 AY; | s

100 W
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4; 20, vstoroneovs core
P=FRYV

Each of the four jet engines on an Airbus A380 airliner develops a thrust (a forward force on

the airliner) of 322,000 N (72,000 1b). When the airplane is flying at 250m/s (900 km /h, or

roughly 560 mi/h), what horsepower does each engine develop?
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. Each of the four jet engines on an Airbus A380 airliner develops a thrust (a forward force on
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. Each of the four jet engines on an Airbus A380 airliner develops a thrust (a forward force on
the airliner) of 322,000 N (72,000 1b). When the airplane is flying at 250m/s (900 km /h, or
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r. Each of the four jet engines on an Airbus A380 airliner develops a thrust (a forward force on
the airliner) of 322,000 N (72,000 1b). When the airplane is flying at 250m/s (900 km /h, or
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. Each of the four jet engines on an Airbus A380 airliner develops a thrust (a forward force on

the airliner) of 322,000 N (72,000 1b). When the airplane is flying at 250m/s (900 km /h, or
roughly 560 mi/h), what horsepower does each engine develop? F= 322 KH )
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A 50.0 kg marathon runner runs up the stairs to the top of Chicago’s 443-m-tall Willis
Tower, the second tallest building in the United States (Fig. 6.280). To lift herself to the top

in 15.0 minutes, what must be her average power output?
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