Medical Physics Class
Energy, Work, and Power of The Body

- # Physics Fundamentals by Vincent P. Coletta
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Learning Goals

Looking forward at ...
* The Concept of Energy

* Work and Kinetic Energy

* Potential Energy

* Total mechanical energy

* Power

* The Energy to Run
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The Concept of Energy

* The law of conservation of energy.

* This law states that there exists a numerical quantity called “energy”
that remains fixed in any process that occurs in nature..

* Energy comes in many forms. Mechanical energy, Electrical energy,
chemical energy, nuclear energy, and thermal energy are some forms
of energy we shall study in later chapters.

* In this lecture we study only mechanical energy,
1. kinetic energy, associated with the motion of a body, and

2. potential energy, associated with the position of a body and a
particular kind of mechanical force.
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Work and Kinetic Energy

* When a force acts through a distance, we say, “The force does work.”

* More precisely, the work W done by a constant force F acting on a
body moving in a straight line is defined to be the product of the force
component F, in the direction of motion times the distance Ax the
body moves:

W =F, Ax

Ax
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Work and Kinetic Energy

* If a body does not move, Ax = 0, and so, even though forces may act
on the body, no work is done by those forces (Figure a).

* no work is done on a moving body by any force that is perpendicular
to the direction of the body’s motion (Figure b), since such a force has
a zero component in the direction of motion.

(Figure b). B
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Work and Kinetic Energy

* The unit of work is the unit of force times the unit of distance the Nm in
SI. This unit is given the name “joule” (abbreviated J), in honor of James
Joule, who demonstrated by numerous experiments in the nineteenth
century that heat is a form of energy:

| joule = 1 N-m = 1 kg-m?/s’

* In the cgs system the unit of work is the erg, defined as a dyne-cm.
Since 1 N = 10° dyneand1m =102 cm, 1 N —m 107 dyne —
cm or

[ J=10"erg
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Work and Kinetic Energy

* EXAMPLE 1 Pulling a Suitcase

* An airline passenger pulls his suitcase a
horizontal distance of 40.0 m, exerting a force
F of magnitude 25.0 N, directed 30.0° above
the horizontal. Find the work done by the
force F.

W= FEAx= Fcos30.0° Ax
= (250 N)(cos 30.07)40.0 m)
= 8661
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Work and Kinetic Energy

« EXAMPLE 2 Lifting a Box

A woman slowly lifts a box weighing 40.0 N from the
floor to a shelf 1.50 m above

(a) Find the work done by the force F the woman
exerts on the box.

(b) Find the work done on the box by its weight w.
(c) Find the net work done on the box.

@) W, = EAx = F Ax = (40.0 N)(1.50 m)
= 60.0]
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Work and Kinetic Energy

(b) W, =w.Ax = —w Ax = —(40.0 N)(1.50 m)
= —60.0J

(c) The net work done on the box is the sum of the work done
by each of the forces acting on the box. Net work equals
zero:

W.=2W=W,+W, =+60] —60]=0
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Work and Kinetic Energy

* Kinetic Energy

* A body’s kinetic energy K is defined to be half its mass m times the
square of its speed v.

From its definition, Kinetic energy must have units equal to mass units times velocity
units squared—-SI units of kg-(m/s)%. Since I N = 1 kg-m/s% the SI unit of Kinetic
energy is N-m, or J, the same as the unit of work.
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Work and Kinetic Energy

e Kinetic energy is conserved. A more interesting
example of conservation of kinetic energy occurs in
the game of pool.

* ball has a mass of 0.2 kg and is initially moving at
10 m/s, its initial kinetic energy

K= mv*= ;(02kg)(10m/s)> =101

* The other balls are initially at rest and so have no
kinetic energy.

e Just after the collision, the kinetic energy of 10 J is
shared among all balls
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Work Potential Energy

 Constant Gravitational Force

* The work done on a body on or near the earth’s surface by the
constant force of gravity.

 work always equals the decrease in a quantity called “gravitational
potential energy,” which depends on the body’s elevation.

* when gravity is the only force doing work on a body, the sum of the

body’s kinetic energy plus its gravitational potential energy is
conserved.
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Work Potential Energy

Work is done by the gravitational force QE/; ,

We = mg(yi — ) L
Wo = mgy, — mgy; 1]

gravitational potential energy

Us, = mgy

y_ NI

the work equals the difference in the values of the gravitational
potential energy

Ws = Us,; — Ug;
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Work Potential Energy

For example, suppose a roller
coaster weighing 10* N starts at an
elevation of 40m , where its
potential energy mgy =4 X
10° J, and falls to an elevation of
10 m, where its potential energy
mgy = 10°J . No matter what
path the roller coaster follows, the
gravitational force does work on it
equal to its decrease in potential
energy of 3 X 10°J
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Total mechanical energy

* We define the total mechanical energy E to
be the sum of the kinetic and gravitational
potential energies: y

1.0m —

E=K+ U,

* As a s_im||ole example of conservation of

]Enlelchanlca energy, consider a body in free 05m-
all.

* As a body falls, its speed increases. Its kinetic
energy increases while its potential energy
decreases, so that the sum of the two the
total mechanical energy remains constant.

e This is illustrated in Fig. for a 1 kg body falling
from rest through a distance of 1 m.
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Power

* The rate at which work is performed by a force is defined to be the
power output of the force. The average power, denoted by P, is the
work divided by the time At over which the work is performed.

ﬁ W
= dVerace power
At ( ge power)

i

* The SI unit of power is the J/s, which is called the “watt”
(abbreviated W), in honor of James Watt, the inventor of the steam
engine.

Il W =11J/s
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The Energy to Run

* Why is it so much harder to run than to ride a bicycle at the same
speed?

* When you ride a bicycle, it is after all your own body that produces
your motion, just as when you run. And yet cycling requires much less
effort than running. After 30 minutes or an hour of running along a
level road at a moderate pace, even a well conditioned runner may
tire, whereas a cyclist can keep the same pace with little effort.

L g
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The Energy to Run

* We say that “running burns calories” or that “running uses a lot of
energy.”

* To understand the physical basis of such expressions, to see why
running requires so much energy and is so much less energy efficient
than bicycle riding, we shall apply concepts of work and energy to the

human body.

* also extend concepts of work and energy to systems of particles such
as human bodies and machines.

* in general how energy is used by the body when muscles contract and
specifically how that energy is used in running and cycling.
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The Energy to Run

* The following are some general properties of work and energy
associated with muscular exertion:

1. Work Done by Muscles

* Muscles consist of bundles of muscle fibers. Under tension, these
fibers can shorten, or “contract,” as protein filaments within the fibers
slide over each other.

* Contraction of a muscle fiber means that a force (the tension in the
muscle fiber) acts through a distance (the distance the fiber
contracts).

* The direct effect of a muscle’s contraction may be to move one of the
body’s limbs.
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The Energy to Run

* For example, if you hold a weight in your
hand and contract the biceps muscle in
your arm, your hand and forearm swing
upward, raising the weight. The work done
by your biceps muscle is approximately
equal to the work done by the force your
hand exerts on the weight.

* The effect of this work is to increase the
weight’s gravitational potential energy.
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The Energy to Run

2. Heat Generated by the Body When Muscles Contract

* Heat, a disordered form of energy, is generated whenever muscles do
work.

* Typically the quantity of heat generated when muscles contract is
about three times as great as the work done by the muscles.

* When your muscles do very much work, you can usually feel the heat
generated by your body.

* You may begin to sweat, which is a way the body gets rid of excess
heat.

First year Pharmacy Students 21



The Energy to Run

3. Internal Energy of the Body

* The body’s internal energy is the total energy of all the particles within the
body.

* Chemical reactions within the body provide the energy necessary to
produce muscle contraction. The energy released by these chemical
reactions produces the work and heat associated with muscle contraction.

* Conservation of energy implies that the body’s loss of internal energy
equals the sum of the work and heat generated.

Loss of internal energy = Work done by muscles + Heat generated

* When your body loses much internal energy in a short time interval, you
tend to feel tired. Your body’s internal energy is replenished by the
consumption of food.
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The Energy to Run

* Now we can use these basic concepts of work and energy to understand
why cycling requires less energy than running.

e Suppose you ride a bicycle with, well-inflated tires and very little friction in
its moving parts. Riding over flat, level pavement at 10 km/h, requires little
effort.

* Once moving, both the kinetic energy and the gravitational potential
energy of the bicycle and your body stay constant with just a little pedaling
required.

* Consequently, only a little work needs to be done by your legs as they push
against the pedals and your body loses little internal energy in producing
this small amount of work. The work that is done by your legs is needed to
compensate for the small negative work done by friction and air resistance.
If you did not pedal at all, your bike would gradually slow down.
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The Energy to Run

* In contrast to riding a bike, when you run on a flat, level
surface, your kinetic energy and gravitational potential
energy can never be exactly constant.

e Watch a runner and you will see that the runner’s head
moves up and down somewhat, an indication of some
change in elevation of the runner’s center of mass. This
means that the runner’s gravitational potential energy is
not constant.

* Some of that energy is lost each time the runner’s body
moves downward, and this energy must then be supplied
as the body moves up - ward again.

* More efficient runners, bob up and down less than
average runners do and there by use less energy.



The Energy to Run

* A runner’s center-of-mass kinetic energy also
necessarily varies somewhat, again in contrast to r
that of a cyclist. |

e this effect is more difficult to see, a runner’s
center of mass continually alternates between
speeding up and slowing down with each stride.

* the variation in center-of-mass speed is slight, it
does require a significant amount of work for the
legs to increase the center of mass kinetic energy
from the minimum value to the maximum value
during each stride.
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The End

Do not forget to do your
homework on google
classroom platform

/
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