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These people are doing work as they push on the car because they exert a force on the car as it moves.
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[f a particle moves through
a displacement s while a
constant force F acts on it
In the same Eiircctinn
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... the work done by the force
on the particle is W = Fs.
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F . does o work on the car

T F_I = Fang

I Fy = Foosg




F . does o work on the car

T F_I = Fang

Fy = Foosg
Only Fy does work on the car:
W = .|I T = |.|I'.-._'I'I"-.-::IJ|'I.
— l||'. (I |:.II_|




W = Fscosd




Work done on a particle ...,
. - : s —

by constant force F during W = Fscosd

straight-line displacement §

Vasu




.~ Magnitude of F

Work done on a particle ..., .
. : : ke —

by constant force F during W = Fscosd

straight-line displacement s

Vasu




.~ Magnitude of F

Work done on a particle ..., .
. : : ke —
by constant force F during W = Fscosd
»

straight-line displacement s , L
*Magnitude ol s

Vasu




F_l = Fsindgd
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

' as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track
straight Steve must push at an angle of 30 ° to the direction of motion. How much work does

Steve do?
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

' as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track

straight Steve must push at an angle of 30 ° to the direction of motion. How much work does

Steve do? F — Z /0 N
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

' as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track

straight Steve must push at an angle of 30 ° to the direction of motion. How much work does

Steve do? F — Z/ON J 300 'I_b ﬂis,ola\ceme_/v‘f
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

' as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track

straight Steve must push at an angle of 30 ° to the direction of motion. How much work does

Steve do? F — Z/ON J 300 'I_b ﬂis,ola\ceme_/v‘f
S =18m
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

' as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track

straight Steve must push at an angle of 30 ° to the direction of motion. How much work does

Steve do? F — Z/ON J 300 'I_b ﬂis,ola\ceme_/v‘f
S =18m

Ao W = Fscosd

\!!Asu

62




(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

' as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track

straight Steve must push at an angle of 30 ° to the direction of motion. How much work does

Steve do? F — Z/ON J 300 'I_b ﬂis,ola\ceme_/v‘f
S =18m

o W = Fscos > W = QIO MXI8m)0s 30
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

' as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track

straight Steve must push at an angle of 30 ° to the direction of motion. How much work does

Steve do? F — Z/ON J 300 'I_b ﬂis,ola\ceme_/v‘f
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

D as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track
straight Steve must push at an angle of 30 ° to the direction of motion. How much work does
Steve do? (b) In a helpful mood, Steve pushes a second stalled car with a steady force

F— (160 N]% — (40 N}} The displacement of the caris § — (14 Ill}i + (11 ]]1]_} How much

work does Steve do in this case?
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

D as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track
straight Steve must push at an angle of 30 * to the direction of motion. How much work does

Steve do? (b) In a helpful mood, Steve pushes a second stalled car with a steady force
F— (160 N]% — (40 N}} The displacement of the caris § — (14 Ill}i + (11 ]]1]_} How much

work does Steve do in this case: -
k does Steve do in th ? F:-‘ [/6d2—(/0{)\ N,
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

D as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track
straight Steve must push at an angle of 30 * to the direction of motion. How much work does
Steve do? (b) In a helpful mood, Steve pushes a second stalled car with a steady force

F— (160 N]% — (40 N}} The displacement of the caris § — (14 Ill}i + (11 m)j. How much

work does Steve do in this case? f: [/6&2 ~ yoa\ N, $~
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

D as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track
straight Steve must push at an angle of 30 * to the direction of motion. How much work does

Steve do? (b) In a helpful mood, Steve pushes a second stalled car with a steady force
F— (160 N]% — (40 N}} The displacement of the caris § — (14 Ill}i + (11 ]]1]_} How much

work does Steve do in this case? f: [/ 6 2 2 ~ y 0{)\ N,
W=F-S
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

D as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track
straight Steve must push at an angle of 30 * to the direction of motion. How much work does

Steve do? (b) In a helpful mood, Steve pushes a second stalled car with a steady force
F— (160 N]% — (40 N}} The displacement of the caris § — (14 Ill}i + (11 ]]1]_} How much

work does Steve do in this case? f: [/ 6 2 2 ~ y 0’3\ N,
W=F3S > Ww=[l60-Y07){I42+l5]) >
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

D as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track
straight Steve must push at an angle of 30 * to the direction of motion. How much work does

Steve do? (b) In a helpful mood, Steve pushes a second stalled car with a steady force

F— (160 N]% — (40 N}} The displacement of the caris § — (14 Ill}i + (11 ]]1]_} How much
_

work does Steve do in this case? F: [/6&2 ~ yoa\ N
SN

S W= [/(,o#l‘{ — Yokll] T

-y
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(a) Steve exerts a steady force of magnitude 210 N (about 47 1b) on the stalled car in Fig. 6.3

D as he pushes it a distance of 18 m. The car also has a flat tire, so to make the car track
straight Steve must push at an angle of 30 * to the direction of motion. How much work does

Steve do? (b) In a helpful mood, Steve pushes a second stalled car with a steady force
F— (160 N]% — (40 N}} The displacement of the caris § — (14 Ill}i + (11 ]]1]_} How much

work does Steve do in this case? f: [/6&2 ~ yoa\ N,
; _-_—[)({f +I’5Jm JO
W=F3S > w=[1602-Y07){I42+l15]) >
1> W= [[bokn — vokI] T = (8OOT
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(a)

Wot"Ki Pa:;+.'ve, /\/erﬂo\f}\/a , 0r Zeho

Direction of Force (or Force Component) Siluation
Force F has a component in direction of displacement: / /f,ﬂr,
W ot (Foosdh)s -7

Work 15 Jmnifr.'g'

'1!

ASU

e

Force Diagram
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(a)

(b)

Wot"Ki Pa:;+.'ve, /\/&fﬂo\f}\/a , 0r Zeho

Direction of Force (or Force Component)

Force F has a component in direction of displacement:
W= Fgs = (Fcosd)s
Work is positive

Force F has a component opposite to direction of displacement:
“ Yy = W\ 51

Work is negative (because F cos & is negative for 907 < & < 180°).
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Force Diagram
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Wot"Ki Pa:;+.'ve, /\/&fﬂo\f}\/z , 0r Zeho

Direction of Force (or Force Component)

(a) Force F has a component in direction of displacement:
W = Fgs = (Fcosdh)s
Work is positive.

(b) Force F has a component opposite to direction of displacement:
W Fos = (Fcosd)s
Work is negative (because F cos & is negative for 90° < & < 18(F).

(¢) Force F (or force component F ) is perpendicular to direction
of displacement: The force (or force component) does no work
on the object,
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an upward force on the
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F barbell ...




WGWS hel& S‘('Nelb/vaﬁj;

- The weightlifter exerts
an upward force on the
barbell ...

barbell 1s stationary (its
displacement 1s zero),
|| he does no work on it.
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(a) A weightlifter lowers a barbell to the floor.

: s
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(a) A weightlifter lowers a barbell to the floor.

N N

A

C WA
;_B\,‘//_/ = g
AA'4 Y

(b) The barbell does positive work on the
weightlifter’s hands.

F barbell on hands

s

ASU
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(a) A weightlifter lowers a barbell to the floor.

A —@D
~ )
:_,—\- ~ 2 =2
Vi s

(b) The barbell does positive work on the

weightlifter’s hands.

DOy

- s
I barbell on hands
Y. “_‘-)
The force of the barbell on the - X

weightlifter’s hands is in the same
direction as the hands’ displacement.
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(a) A weightlifter lowers a barbell to the floor.

(¢) The weightlifter’s hands do negative work

on the barbell.

F hands on barbell

Ll

(b) The barbell does positive work on the

weightlifter’s hands.

O Or

- S
£ barbell on hands
% e
The force of the barbell on the L

weightlifter’s hands is in the same
direction as the hands’ displacement.




(a) A weightlifter lowers a barbell to the floor.

T

T
s f\ o

N\

(c) The weightlifter’s hands do negative work
on the barbell.

F hands on barbell

The force of the weightlifter’s hands
on the barbell 1s opposite to the —
barbell’s displacement.

(b) The barbell does positive work on the
weightlifter’s hands.

O O;

.
.“
.

The force of the barbell on the L
weightlifter’s hands is in the same ——
direction as the hands’ displacement.




A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the
total work done by all the forces.
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M

w =43V

Y
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M

w =43V
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M

w =43V
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m

along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction

force opposes the sled’s motion. Find the work done by each force acting on the sled and the
total work done by all the forces. ﬂ - Zo M

T
F-=35kn < 2c9° o J
Fﬁ__-_gfs-e— - U)-,-: 'TOQ c oS
w =43V

Y § 2 ® |}
SN o8 | I/( [ 4 \\
8 o* 5* 9 'y ) \/
2 A /

9

Y
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m

along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction

force opposes the sled’s motion. Find the work done by each force acting on the sled and the
total work done by all the forces. ﬂ - Zo M

%
J-=35knv < 63” Lo
F*_"“gfs"" Wk = Tchascp
w =43 = (5420 o3 361k

Y
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m

along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction

force opposes the sled’s motion. Find the work done by each force acting on the sled and the
total work done by all the forces. ﬂ - Zo M

L W
F-=35kn < 2c9° B
F*___gfs-e— - Wr= Td cos
w =43V = BOkM
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m

along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction

force opposes the sled’s motion. Find the work done by each force acting on the sled and the
total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction

force opposes the sled’s motion. Find the work done by each force acting on the sled and the
total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M

W, = wl cosho’)
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M

W, = wl cosho’)
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M

w =43V
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction
force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al0). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction

force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al0). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction

force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m
along level ground (Fig. 6.7al0). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction

force opposes the sled’s motion. Find the work done by each force acting on the sled and the

total work done by all the forces. ﬂ - Zo M
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A farmer hitches her tractor to a sled loaded with firewood and pulls it a distance of 20 m

along level ground (Fig. 6.7al8). The total weight of sled and load is 14,700 N. The tractor
exerts a constant 5000 N force at an angle of 36.9" above the horizontal. A 3500 N friction

force opposes the sled’s motion. Find the work done by each force acting on the sled and the
total work done by all the forces. ﬂ - Zo M
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