Chapter 7
Kinetic Energy and Work

[ZMIR
KATIP CELER]
UNIVERSITESI

V)

|-




7 Kinetic Energy and Work

[ KINETIC ENERGY AND WORK

I-1
I-2
1-3
1-4
1-
1-6
I-1
1-8
1-9

Anril 8 2022

What Is Physics? 140

What Is Energy? 140

Kinetic Energy 141

Work 142

Work and Kinetic Energy 142

Work Done by the Gravitational Force 146

Work Done by a Spring Force 149
Work Done by a General Variable Force 151
Power 155

PHY 101 Phvsics I © Dr Cem Ozdodan



1ZMIR
- 4l KATIP CELEB]
UNIVERSITES|

— o

* Question: What is energy?
* Answer: Energy is a assocnated with the
of one or more objects. F— m,\j W"}
* Energy 1s required for any sort of motion. Some characterlstlcs
1)Energy can be transformed from one type to another and transferred

from one object to another.

2)The total amount of energy 1s always the same (energy 1s conserved).
N

Potential

Energy . |
'F’- v

In this chapter we will focus on only one type of energy ( kinetic
energy) and on only one way in whichcenergy can be transfered (work). |
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7.3 Kinetic Energy s

* Kinetic energy K is energy associated with the state of motion of an
object.
* For an object of mass m whose speed v 1s well below the speed of

li hta K= %mvz (kinetic energy). Newtonian mechanics

. The faster the object moves, the greater 1s its kinetic energy.
r-._ Greatest klnetu: energy

L s
‘2 100km/hr % ’[‘r } ke
2 S

; prmmrg—— gl S R R (e g Dl S
MES’t kinetic
fi energy

M :"." e a—;@t-ﬁM
80 kmv/hr : 100 km/hr

* The SI unit of kinetic energy (and every other type of energy) is the
Joule (J), ljoule=1J=1Nm=1kgm?¥s?  Fox ~U YW
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Sample Problem: Kinetic Energy, train crash

Energy released by 2 colliding trains
with given weight and acceleration from
rest. Find the final velocity of each

locomotive:

v = v& + 2a(x — xp).

2 =0 + 2(0.26 m/s2)(3.2 X 10° m),

1 = 40.8 m/S = 147 km/h_ Fig. 7-1 1e aftermath of an 1896 crash of two loomotives.
(Courtesy Library of Congress)
o 1 . 1.2 X 10°N
Convert weight to mass: ,, _ 02 = 1.22 X 10° k.

: L 9.8 m/s
° Find the kinetic energy:

K =@}mv2) = (1.22 X 10° kg)(40.8 m/s)?

=120 % 10° 7. (Answer)
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* Work is energy transferred /o or an object by means of a force
acting on the object. = N
: R i Rl
. somef ;I’}g g %

ndo 1 ZEJIC
o r‘yw
| 5 es
* “ Work”™, then, 1s transferred energy; = du~w)
* “doing work™ 1s the act of transferring the energy.

* Work has the same units as energy (1 joule=1J = 1Nm = 1 kgm?/s2.)
*Work 1s a scalar quantity and represented by “W?”.

The car accelerates, Kinetic energy
Increases

The car decelerates, Kinetic energy
decreases

) —

LAJD{'[(_‘
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* Start from force equation and
1-dimensional velocity:

_ B, — i
F.=ma, v:-=v§+ 2a.d.

* Rearrange into kinetic energies:

* K, is the kinetic energy of the bead at the

1
2 my -9 va F a: end of the displacement d

— —r * K. is the kinetic energy of the bead at the

MR
Kf Ki 7 start of the displacement d

= Fd.

* To calculate the work a force F does on an object as the object moves
through some displacement d, we use

* The force component perpendicular to the displacement direction does
zero work. " .5 £ Cfi’gffﬁ
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+— This component .
\ does no work. * The only component of force taken into

\ e account here 1s the x-component.

Wi A directed at angle ¢ to the
Bead—) | displacement (in the x-direction) of a bead
'_Z';ESGE;EU“E”’[ does work on the bead.
' * For a constant force F, the work done W 1is:
: . i
Notes on these equations: W = Fd cos 935 ,
~ &

—

- W=F-d

* Work can be positive or negative
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[ e v Small initial This force does positi
positive work @
cRsE g v\kinetic energy on the bead, increasing speed A force
77777 F 7 and kinetic energy. ° .
| \ does when it has
[ J Vo \Virex \H K; [ .

R — 4 a vector component in the
doss work / as the displacement,
| ) * does when 1t has
T I~ " a vector component in the
—_
>

Displacement d ?

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved. L4 does When it has nO
such vector component.

* For two or more forces, the net work 1s the sum of the works done by
all the individual forces.

* Two methods to calculate net work:
1.We can find all the works and sum the individual work terms.
2.We can take the vector sum of forces (F ) and calculate the net work

once.

April 8 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 9



2 Work-Kinetic Energy Theorem ' '

* The theorem says that the of a particle 1s the
on the particle. A K =T
(change in the kin.etic) _ (net work c.lc?ne on) _.ti_\i,&_iu‘i__
energy of a particle the particle £ K ;(U,p - L/,{>
AK=K,— K, =W, Ky +Up = X U

( kinetic energ}’ﬂﬂer) _( Kkinetic energy ] ( the net }
. the net work 1s done ( before the net work work done [/’

K_F = K ] T i"lf.r.
* The work-kinetic energy theorem holds for positive and negative work.

Example: If the kinetic energy of a particle is initially 5 J,
* A net transfer of 2 J to the particle ( ): Fmal KE=7]

* A net transfer of 2 J the particle ( ): Final KE=3]

Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 10
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Figure 7-4a shows two industrial spies sliding an initially
stationary 225 kg floor safe a displacement d of magnitude
8.50 m, straight toward their truck. The push Fl of spy 001 is
12.0 N, directed at an angle of 30.0° downward from the hor-
izontal; the pull E of spy 002 is 10.0 N, directed at 40.0°
above the horizontal. The magnitudes and directions of
these forces do not change as the safe moves, and the floor
and safe make frictionless contact.

Spy 00
0oz Only force components

parallel to the displacement
do work.

Spy 001

Safe

direction Qf motion —

(a) What is the net work done on the safe by forces F, and
F during the displacement d?

(&)

Calculations: From Eq. 7-7 and the free-body diagram for
the safe in Fig. 7-4b, the work done by F is

W, = Fid cos ¢ = (12.0 N)(8.50 m)(cos 30.0%)

=8833J, (+) positive work
and the work done by Fis

W, = Fod cos ¢ = (10.0 N)(8.50 m)(cos 40

= 65.11J. (+) positive wor

Thus, the net work W is
W= W] ar Wz = 88.
=153 4] =¥ 53]

Anril 8 2022

=65 117
(Answer)
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Sample problem: Industrial spies

(b) During the displacement, what is the work Wg done on
the safe by the gravitational force f and what is the work
Wy done on the safe by the nonm‘tl force FN from the

floor?
Calculations: Thus, with mg as the magnitude of the gravi-

tational force, we write
W, = mgd cos 90° = mgd(0) =
Wy = Fyd cos 90° = Fyd(0) =0

We should have known this result. Because these forces are
perpendicular to the displacement of the safe, they do zero
work on the safe and do not transfer any energy to or from it.

(Answer)

and (Answer)

(c) The safe is initially stationary. What is its speed vy at the
end of the 8.50 m displacement?

Calculations: We relate the speed to the work done by
combining Eqs. 7-10 and 7-1:

= /=
The initial speed v; is zero, and we now know that the work

ne is 153.4 J. Solving for v, and then substituting known
data, we find that

=12 1,2
K; = smvs — smvj.

. 2W _ [2(153.4))
4 m 225 kg
= 1.17 m/s. (Answer)
11
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7.5 Work and Kinetic Energy s

Sample problem: Constant force in unit vector notation

During a storm, a crate of crepe is sliding across a slick, (b) If the crate has a kinetic energy of 10 J at the beginning

oily parking lot through a displacement d = (=3.0m)i of displacement d, what is its kinetic energy at the end of d?
Whlle a steady wind pushes against the crate with a force Calculation: Using the work—kinetic energy theorem in

= (20N)i + (=6.0N)j. The situation and coordinate the form of Eq.7-11, we have

axes are shown in Fig. 7-5.
Ki=Ki+W=10J + (-6.0J) =401J. (Answer)
(a) How much work does this force do on the crate during

the displacement? Less kinetic energy means that the crate has been slowed.

The parallel force component does
negative work, slowing the crate.

Fig. 7-5 Force F
slows a crate during
displacement d.

Calculations: We write
W =F-d = [(20N)i + (=6.0 N)j]-[(=3.0 m)i].

a oA A

Of the possible unit-vector dot products, only i i1, j*J). and
k -k are nonzero (see Appendix E). Here we obtain

W= 20N)(=3.0m)i-i+ (—6.0 N)(=3.0m)j-i
= (=6.0J3)(1) + 0 ==p.0J. (Answer)

Thus, the force does a negative 6.0 J of work on the crate, trans-
ferring 6.0 J of energy from the kinetic energy of the crate.

(-) negative work:
removal of energy

Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 12
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Fq/g.d: W, =mgdcos ¢ (work done by gravitational force).

(a) An applied force lifts an (b) An applied force
object. - lowers an object.
F, and displacement are in oo F, and displacement are in
the opposite direction A the same direction
& dnol T @ : &  Does
: Epw!:::d Rising + n “Falling _ (e opposite
isplacement F v v Ry F e
e F 1
A Does same 8 K, Does
F positive . . — v positive same
s direction . @ sy
Orbject — . Does _ ~| Downward
F, negative OppOSIte ‘*’v displacement
v
WOrk === i
1] .
: AK=K;,— K,=W,+ W, )
V=V .
Wot We= Q1 o~ —— eV
n one common situation, the object is stationary before and after the lift

W.= _whﬂ; = —mgd cos ¢ (work done in lifting and lowering: K, = K,).

Note that we get the same result if K; and K, are not zero but are still equal,
Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 13
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Example: YoOu are a passenger: }/Elmtm
cable

Does
T negative
Cab \ work

_, Does
X F "
T G g positive

Does work

positive work lg T

. mg cosf X
(D) /15 B (a) (b)
o Being pulled up > Being lowered down 1n an
: . clevator
* Tension does positive work, h

— Tension does negative work,

* gravity does negative work. — gravity does positive work.

Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 14



1ZM0R
KATIP CELEB]

7.6 Work Done by the Gravitational Force

An elevator cab of mass m = 500 kg is descending with speed
v; = 4.0 m/s when its supporting cable begins to slip, allowing
it to fall with constant acceleration @ = g/5 (Fig. 7-8a).

work W, done on the cab by the gravitational force F,?
Calculation: From Fig. 7-8b. we see that the angle between
the directions of F?g and the cab’s displacement d is 0°.
Then, from Eq. 7-12, we find

W, = mgd cos 0° = (500 kg)(9.8 m/s*)(12 m)(1)

= 5.88 X 10%J =~ 59 kJ. (Answer)

(+) positive work
(b) During the 12 m fall, what is the work Wy done on the

cab by the upward pull T of the elevator cable?
Calculations: We get

T—F,=ma.
W= Tdcos ¢ = m(a + g)d cos ¢.

Next, substituting —g/5 for the (downward) acceleration a
and then 1807 for the angle ¢ between the directions of
forces T and mg, we find

W = m(—% + g)dcos ¢ = %mgd cos ¢

4
== (500 kg)(9.8 m/s?)(12 m) cos 180°

= —4.70 X 10*J =~ —47kJ.
(-) negative work

(Answer)

Anril 8 2022

elevator cab

UNIVERSITESI

Sample Elevator

problem:
(a) During the fall through a distance d = 12 m, what is the Accelerating

Does
7 negative
Cab \ work

Does
¢ positive
work

=

v
(a) (®

(c) What is the net work W done on the cab during the fall?

Calculation: The net work is the sum of the works done by
the forces acting on the cab:

W =W, + W;=588X10*J — 470 X 10*]
=118 X 10*J ~ 12 kJ. () (Answer)

(d) What is the cab’s kinetic energy at the end of the 12 m
fall?

Calculation: From Eq.7-1, we can write the kinetic energy

at the start of the fall as K; = %mv%. We can then write Eq.
7-11 as

Ki=K +W=3mv+W
= 1(500 kg)(4.0 m/s)> + 1.18 X 10*]

=158 X 10*J ~ 16kJ. | (Answer)

PHY 101 Phvsics I © Dr Cem Ozdodan 15
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*Hooke’s Law: To a good approximation for

many , the force from a spring is a7 ok
proportional to the displacement of the free SLINIIIR I spring
end from its position when the spring is in T .
the relaxed state. (@)
*The spring force 1s the froma | . y
spring and is given by }‘ J,:,—”nlg—ﬂ—;l_h_b
JE': = Ckd (Hooke’s law), :_1-_.. = ;
*The indicates that the direction of L W < £ -cppete
the spring force 1s always the 5 1_ ”4:'::?9" 5
of the spring’s :%J I, positive
free end. o
* The constant k is called the e h
(or force constant) and is a measure of the )
In or?efctililr%es:lrjlglircl)% (along x axis): Fx= —kx  (Hooke'slaw),

Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 16
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7.7 Work Done by Spring Force i

F o m * If we stretch or extend i .
LA L. . x positive d
-~ Jemws” 7w the spring it resists, and_ £ negatve T
now F — F(x) exerts a restoring force
W= —F,; Ax, that attempts to return T x
AX;Igettmg mallethe spring to its relaxed !
W= f —F_ dx. state.
X
*r I
W= J —kx dx = —kj xdx = (-3 = (—3k)(xF— D)

W, = %F:I;-E = %k.‘r% (work by a spring force). A

P ® =0 1{1: t
‘— Work W, ispositivelif the block ends up closer to the relaxed position (x = 0) than it

was initially. It is negative if the block ends up farther away from x = 0. It is zero if the

block ends up at the same distance from x = (.

x=0 & x=x :generally 1 7.9
1 f e —— L
| | W, = —skx
used 1n solutions
Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 17
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7.7 Work Done by Spring Force:

If a block that 1s attached to a spring 1s

If AK =0 then
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ﬂK:K:F_Kizwﬂ_l_wsi

Wﬂ _w_.... vy, (50)

stationary before and after a disp]aﬂementl

then the work done on it by the applied force displacing it 1s the negative of the work

done on it by the spring force.

Sample problem: Work done by spring

In Fig. 7-10, a cumin canister of mass m = 0.40 kg slides
across a horizontal frictionless counter with speed v = 0.50
m/s. It then runs into and compresses a spring of spring con-
stant k =750 N/m. When the canister is momentarily

stopped_by the spring, by what distance d is the spring
compressed? Vf:

The spring force does

negative work, decreasing
speed and kinetic energy. 31
k
m‘ /— Frictionless L
—d —
Stop First touch

Fig. 7-10 A canister of mass m moves at velocity vV toward a
spring that has spring constant k.

Anril 8 2022

PHY 101 Phvsics I © Dr Cem Ozdodan

Calculations: Putting the first two of these ideas together,
we write the work—kinetic energy theorem for the canister

das
K — K, = —tkaz. AK=W

Substituting according to the third key idea gives us this
expression
0 — 3mv? = —1kd>

Simplifying, solving for d, and substituting known data then

give us
m 0.40 ke
— = (0.50 m/ R
g NN N

=12 < 10:Zm— 1.2 cm.

d=v

(Answer)

18
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A. One-dimensional force, graphical analysis: W = Y AW, = Y F_.. Ax.
* We can divide the area under the curve of We can approximate
F(X) (Fig. a) into a number of Work is equal to the that area wilth the area
of width x (Fig b) area under the curve. of these strips.

* We choose Ax small enough to permit us o (x)

to take the force F(x) as being reasonably
constant over that interval.

« WeletF,, , be the average value of F(x) | | i | )
within the j® interval. o N

* The work done by the force in the j* (a) (&)
interval is approximately AWJ:Fj’an Ax. We can do better with :?;rittgfeskﬁ:ﬁiﬁ;he

* AW, is then equal to the area of the j* more, narrower strips. going to zero.
rectangular, shaded strip. ) . Fx) |

* We can make the approximation better by | |
reducing the strip width Ax and using | i | W |
more strips (Fig. ¢). i | \ | | )

* In the limit, the strip width approaches 0% Ak gl 0 % ¥
zero, the number of strips then becomes (0 (d)
infinitely large and we have, as an exact W = dJ‘im[I bR W= J THayide  (aorkevachibie Rae)

result (Fig. d). )
Anril 8 2022 PHY 101 Phvsics T © Dr.Cem Ozdogan 19
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7. 8 Work Done by a General Variable Force s
B. Three dimensional force: F (%, y2) <€ A7

If F = Ei+ F,j + Fk,

where F'_1s the x-components of F and so on,
and d7 = dxi + dy] + dzk.

where dx 1s the x-component of the displacement vector dr and so on,

~

)

1

then dW = F-d¥ = Edx + E dy + E dz. 25 -0 (HBIG )

¥

. Ty Xy Yr Iy
Finally, W= | aw=| Edx+ | Fdv+ | Fdz
r; X; Yi Z;

* The work-kinetic energy theorem still applies!

Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 20
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Work — Kinetic Energy Theorem with a Variable Force

* A particle of mass m 1s moving along an x axis and acted on by a net
force F'(x) that 1s directed along that axis.
* The work done on the particle by this force as the particle moves from

osition x. to position x.1S : X 2
P OP 4 W = J Fix) dx = J madx,
v v d lv v
—L> hy R R V. ma ff.T=Hi'i1s'fi‘t'=Hi'L' dv.
dt dx dt dx dx
I—; W= J mvdv = m J vy
'H - K_lr — K{ e ﬁ K : lb‘_- l ¥

.. = SMVF — 5 MV},
The work-kinetic energy

theorem still applies!

Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 21
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7. 8 Work Done by a General Variable Force s

Sample problem: Work from 2-D integration:
Force F = (3x2N)i + (4 N)j. with x in meters, acts on a 'C(,*_’y‘]

particle, changing only the kinetic energy of the particle. J
How much work is done on the particle as it moves from co- varddy crndond |
ordinates (2m, 3 m) to (3 m, 0 m)? Does the speed of the '
particle increase, decrease, or remain the same? A _If
T —
Calculation: We set up two integrals, one along each axis: (2 3) (3 6 )
3 0 3 0 -
W=f3x2dx+J4dy=3jx2dx+4fdy M -
2 3 2 3 A = = d =
= 3[3°B + 4[yB = [3* - 2°] + 4[0 - 3] [ d
=7.0J. (+) positive work (Answer) Frgp e ¢ 4? K
The positive result means that energy is transferred to the WU £
particle by force F. Thus, the kinetic energy of the particle - ]: cjrg
increases and, because K = ymv? its speed must also I‘;LC?(J{, 1 3
increase. If the work had come out negative, the kinetic ,
energy and speed would have decreased. A’ o

Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 22
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* The at which work 1s done by a force is said to be the
due to the force. KU~ Tekt
— The SI unit of power is the joule per second, or Watt. % o
* If a force does an amount of work # 1n an W
amount of time ¢, the dueto Fave =73  (averagepowen)
the force during that time interval 1s
* The P 1s the ,
instantaneous time rate of doing work, T i Casntineousnowes)

i ) dt
which we can write as

* Solve for the instantaneous power using the definition of work:

p— dW _ F cos ¢ dx _ Fmscﬁ(ﬁj.

dt dt v
P = Fv cos ¢.
= FP v (instantaneous power).

Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 23
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Figure 7-14 shows constant forces F,and F, acting on a box
as the box slides rightward across a frictionless floor. Force F .
is horizontal, with magnitude 2.0 N: force F, is angled upward velocity
by 60 to the floor and has magnitude 4.0 N. The speed v of

the box at a certain instant is 3.0 m/s. What is the power due

to each force acting on the box at that instant, and what is the

net power? Is the net power changing at that instant?

Sample problem: Power, force,

Negative power. Positive power. S
(This force is (This force is
removing energy.) supplying energy.)

S

Frictionless 2
_\ <

Calculation: We use Eq. 7-47 for each force. For force F;,  This positive result tells us that force is transferring

at angle ¢, = 180° to velocity V', we have energy to the box at the rate of 6.0 J/s. The net power is
th f the individual :
P, = Fyv cos ¢; = (2.0 N)(3.0 m/s) cos 180° © S O Hie IMAVICUAl POWELs
= —6.0 W. (Answer) P_ =P, +P,=6.0 W +6.0 W= 0,
This negative result tells us that force F is transferring en-
ergy from the box at the rate of 6.0 J/s. which means that the net rate of transfer of energy to
For force F,, at angle ¢, = 60° to velocity v, we have or from the box is zero. Thus, the kinetic energy of the

B B 5 box is not changing, and so the speed of the box will
Bois Bricosion S @ OIN)C.Uim/8)icosiod remain at 3.0 m/s. Therefore both P, and P, are constant

=60 W. (Answer)  and thus sois P,
Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 24
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/ Solved Problems d i

1. Figure shows three forces applied to a trunk that moves Y L
leftward by 3.00 m over a frictionless floor. The force @~ «— "

it

F

magnitudes are , F,=5.00 N, F,=9.00 N, and F,=3.00 N,

and the indicated angle is 6=60.0°,. During the
displacement, (a) what is the net work done on the trunk

0 {3
by the three forces and (b) does the kinetic energy of the 4

trunk increase or decrease?

/%) Wz/wara/ A ﬁfz,éa,&éu n
(£ 1=5% ) wye Fd 8 (50)Em)Cn 0= 15 T
[ Fil = 9N €6=60° w;; @) (3m) Cos (180~60) = =135 7
I/ w” Wi, = (ONEm) (7 99%=0

ot o Ws - @) (3em) i 90 =0 (+)

_’M&é CUdFL : w:w,fw_g,fswz; .52
ﬂ'—) W=AK : Work Ls ’MMMP"H’}[?W%KE IRt

Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 25
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2. A helicopter lifts a 72 kg astronaut 15 m vertically from the ocean by means of a
cable. The acceleration of the astronaut is g/10. How much work is done on the
astronaut by (a) the force from the helicopter and (b) the gravitational force on
her? Just before she reaches the helicopter, what are her (¢) kinetic energy and (d)

speed? i T
g 7 | ¢ - TM;E{OM ocr o
) a7 Fdoor @ a b
h-:{'sm'—'*'i T%{? +MA -:m_U_g)
ﬂ.:g%{j N2 F:Mg 10 = A ol y e
0 = oy derss

F
oﬁ 3 - o = () .
<) W Fd - m%ﬂ)i ?g&ﬁ% 1omf )(I5m) = ﬂ/t’v:/o ¥
»u) DU,E? gai,-—.'moqi;@i@ﬁ'méﬁﬁm ":_L,{: fjj@{,’gﬁg NS SY
4o ¢ 2 Werl=g
Wi i) W ik -f—w@,@m_t.oe) x(09= 01 10 J'L"‘:’ ot R

, t g Maso "z . sta)
0.lglo Juamf'- T * 7 6* 72k
\_/'\A/\M 0

f/
& pdlfor Cmgrm -moq}i— Lm = J%EOL;& :cil %
Conlsgy/ e ngz__

Anril 8 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 26




7/ Solved Problems
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3.The only force acting on a 2.0 kg body as it moves along a positive axis has an x
component F = -6x N, with x in meters. The velocity at x=3.0 m is 8.0 m/s. (a) What

is the velocity of the body at x=4.0 m? (b) At what positive value of x will the body
have a velocity of 5.0 m/s? F—fr-...;,\;. wihly Cece = =

/ r’ﬁ)mé‘gm/
s (¢)

,q-:\ bl\
(o

2) m=2 kg 4) xqﬁr/

z’(-ﬁgm —a )(f f
movihg %

d?c.‘:?“'*: fﬁ/f W= —24{.1 A G S L/f ""J" MS J-m(é’g/)

W = B :@L#_FZIJ')E- R L <
K o = &6w
‘ Fgfn., SKHCJ M~ o)y = Vi=V4dey, /
S?Cf @-J., s Q”‘]’Zﬂév&d Since uJﬁ..(-—)
[F0) dae =)
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7 Solved Problems d

4. A 10 kg brick moves along an x axis. Its acceleration as a
function of its position is shown in Figure. The scale of the -+
figure's vertical axis 1s set by a =20.0 m/s>. What is the net

work performed on the brick by the force causing the
acceleration as the brick moves from x=0 to x=8.0 m?

a [(mSs

Flx) = aln) *"U“J
ﬁé‘) mf::“:}%

Movjly +1L e chlm S"‘-‘““A"’ im(siwx

Jzo 0w 20M2 -0 _a 7 ‘___,]
P -om % /a @Uq)f’“a s e
5 = $00 3
a=sbpex pill s

a(x)
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5. A 0.30 kg ladle sliding on a horizontal frictionless surface 1s attached to one end of
a horizontal spring (k=500 N/m) whose other end is fixed. The ladle has a kinetic
energy of 10 J as it passes through its (the point at which the
spring force 1s zero).

(a) At what rate 1s the spring doing work on the ladle as the ladle passes through its
equilibrium position?

(b) At what rate 1s the spring doing work on the ladle when the spring is compressed
0.10 m and the ladle 1s moving away from the equilibrium position?

v kE=1(0T toorbk e [hasmer
'(—% s W =NK, L
“ g 5 K, =i<p thx
k=soor/, i — i K{—% ~ I
Coln , \
’ ) 6‘3""{' { o /7 o A =

i =03
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Kinetic Energy Work and Kinetic Energy

° The energy associated with AK = K;— K; = W, Eq. (7-10)

S T,
K = 3my®  Eq.(- Ky=K; + W, gq. (7-11
Work Done by a Constant Force Work Done by the Gravitational
W = Fdcos b o Force
COS W=F-d
Eq. (7-7) Eq. (7-8) W, = mgdcos ¢ gq.(7-12)
° The net work is the sum of
iIndividual works Spring Force
Work

° Relaxed state: applies no
° Energy transferred to or from an force

object via a force o Spring constant k measures

* Can be positive or negative stiffness
F, = —kd Eq.(7-20)
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Work Done 1n Lifting and Power
Lowering an Object

o The rate at which a force does

We+ W= work on an object
W,=—W,. Eq.(7-16) * Average power:
5 W
Spring Force Paw =77 Eq.(7-42)
° For an initial position x = 0. ° Instantaneous power:
— 1 dw
W, = —Ekxz Eq. (7-26) P = 7 Eq. (7-43)
Work Done by a Variable *  For aforce acting on a moving
Force object:
. Found by integrating the P=rFvcos¢.  Eq.(7-47)
constant-force work equation P= . 7 Eq. (7-48)

Xf
W = f F(x) dx Eq.(7-32)
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