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Preface

I distinctly remember as a young girl being very fascinated by numbers and the
desire to count money. At the age of two, I was able to count large sums of money
and found great enjoyment in doing so. I was also delighted by the question of ‘why’.
Throughout my entire life, my dad would always fix things around the house. I
enjoyed taking things apart and putting them back together—sometimes it would be
right and other times I would have to ask my dad for help. As a high school senior, I
took a physics class with an amazing teacher, who made the class very exciting and
dynamic. Shortly after graduating from high school, my mother passed away and I
found myself arriving back to the question of ‘why’. It was this detrimental event
that inspired my interest in studying the ‘why’ of the human body—‘physics of the
human body’. The question of whether there was a career that I could pursue to
study the physics of the body arrived in my mind. At the time, I was unsure;
however, I just knew that I enjoyed learning physics, was fascinated by how the body
worked and was eager to learn more. Upon entering my interdisciplinary program as
a freshman, I began to delve into the basic, fundamental principles of physics,
biology and chemistry. My knowledge was further strengthened as I matriculated
into my biophysics program. It was during graduate school that I knew that I was on
the right path to decipher the aspects of ‘why’.

I am often asked the question: ‘What is the key or trick to physics?’ My response
is always: 1) pay attention to your units and thoroughly understand the units; 2)
clearly understand your concepts to develop a strong foundation and uncover any
vital given information if you are trying to solve a word problem; 3) identify the
question and determine the appropriate formula(s) to answer the unknown. Yes, the
math is there and exists; however, you will not know what math to perform if you do
not understand the concepts and the units. Remember that the units are just like
your significant other, your siblings, parents, grandparents or children—you LOVE
them! You should love your units the same way that you love the people that are
near and dear to you. When you love your units, they will love you right back!

The tricks that I suggest to best tackle and understand physics involve the ‘senses’.
The most common senses associated with the human body are the senses of touch
(tactioception), taste (gustaoception), sight (ophthalmoception), smell (olfacocep-
tion), and hearing (audioception). However, the human body also has the ability to
respond to an array of stimuli such as variations in temperature, imbalance,
excitement, pain and fear. Many would refer to these as a ‘sixth sense’. On a daily
basis, people migrate from place-to-place without stopping to think about the
questions of who, what, when, where, and why—the five ‘W’s’. These are the essential
‘senses’ of biophysics that one must consider. When applying these ‘senses’, one
should always remember that the ideals and laws of physics can never be negated.
They follow us everywhere that we go and aid in explaining how the nerve impulses
send the signals within the body, leading to the known senses of sight, taste, touch,
sound and smell. It is the five W’s that provide clarity to the true existence of physics.
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In this book, the reader will take a journey to view the body from a physics
perspective. Newton’s laws of motion are applied to explain the mechanics of the
body, whereas aspects of heat, energy and power elucidate how the body maintains a
level of stability. The role of charges and free radicals in exercise and disease are also
addressed. This text is written for an undergraduate who may have an interest in
medicine, one who may be new to physics, or one who may struggle with
understanding why physics is important. Throughout the book, simple algebraic
mathematics and the International System (SI) of units are used. Several questions—
‘How does physics impact a person’s day-to-day life?’, ‘Why is the body oriented the
way that it is and why is it able to function in the manner that it does?’—will
be addressed. Above all, this is my love story with physics and how understanding
the field has provided a positive impact and improved my overall way of life.
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Chapter 1

Units: the essential tools to all understanding

1.1 What are units and why are they important?
Universal Numeric Impartial Trusty Servants (UNITS)—these are the perfect words
that embody the true essence and meaning for ‘a unit’. Units are a measure of the
amount of something and are designed to serve you. They are a universal language
that can be well-trusted and are necessary to better understand the exact value of
things encountered in a person’s day-to-day life. A unit denotes a distinct magnitude
for a standard measurement. For example, if you go to the bank and you request
‘100’, chances are that you will be asked ‘one-hundred what’? Alternatively,
someone may assume that you mean $100. However, this value could mean 100
pennies, 100 thousand dollars or even 100 shares of stock. It is evident that it is not
only important to account for values, but to also specify a unit with the number to
provide clarity. Units are the foundation to a true understanding, especially in the
realm of physics.

When mentioning dollars or cents, a person automatically knows that those
words refer to money. Irrespective of language or dialect, everyone speaks ‘money’.
The dollar is the American language for money and the amount can be converted to
other types of currency. Similarly when discussing physical concepts, there are
specific units that must be understood for maximum comprehension. Units are a
person’s saving grace when it comes to calculations in physics. There may be
instances where a calculation or word problem may be confusing, but the units can
be like ‘tour guides’ and lead you to the right place. They are the perfect navigation
tools to solving a particular problem. If a person takes the time to learn their units
and be consistent, then life in physics is far easier and more meaningful.

Units are also very important when cooking. If you are baking, it is imperative
that the oven is set to the appropriate temperature in degrees Fahrenheit, that you
monitor the amount of time for cooking (whether in hours or minutes) and that the
ingredients are accurately measured to ensure the best taste. What if you are making
a cake and the recipe states that you need a ½ dozen of eggs. Being aware that
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1 dozen is equivalent to 12 individual eggs, you automatically know that a ½ dozen
accounts for 6 eggs. If ½ a cup of sugar is required, you automatically know that this
represents 4 ounces of sugar to be measured. You can taste the foods and recognize
if the adequate amount of ingredients were added. Having complete knowledge of
what these values represent, promotes a more solid foundation of how the world
works and functions. Similarly, it is known that a person has a pair of hands which
equals ‘two’, three regions of the brain which represents a trio, and four chambers of
the heart which is a ‘quad’.

I always use the phrase: ‘If you love your units, they will love you right back!’
Howmuch do you love your family and friends? Unconditionally, right? You should
love your units the same way! Often a person may become frustrated with a problem
and negate the units involved. However, units are very forgiving and will not be
unwavering from their job—their purpose is to ‘serve’ and guide a person in the
right direction to the solution. When there is any doubt, it is imperative to know
the specific units that directly correspond to individual concepts. In general, the
standard system of units used by scientists is the International System (SI).

When considering the aspect of length, the meter is the standard unit. It was the
first international standard ascertained back in the late 1700s, and was later
redefined with respect to the origin of the speed of light. To put this into perspective,
one meter is approximately the length from your shoulder to the tip of your index
finger, whereas the length of a typical index finger is approximately 2½ inches.
Commonly the doorknob on a typical door is nearly one meter above the floor.

Each unit is unique in its own way, providing a clear indication of what concept is
being discussed, as outlined in table 1.1. For instance, if someone says that they
jogged 5 miles in 40 minutes, this reveals a lot of information, such as the distance
that the person traveled (number of miles) and how long or the amount of time
(number of minutes) that was necessary for the person to complete the five mile jog.
The distance traveled per amount of time would be 0.125 miles/minutes. This defines
speed, which we will discuss in a later chapter.

Measuring a value in particular units relies on making the distinction between
both accuracy and precision. Accuracy is when a measurement is close to the exact
value, whereas precision is the ‘repeatability’ of a measurement using the same
instrument or tool. Let’s say that you are on your way to a birthday dinner, you put

Table 1.1. List of common units.

Concept Unit(s)

distance miles (mi), feet (ft), meters (m), yards (yd), inches (in)
time seconds (s), minutes (min), hours (h), days (dy), years (yr)
mass grams (g)
weight pounds (lb), Newtons (N)
volume liters (L), cubic meters (m3), cubic inches (in3)
temperature degrees Fahrenheit (°F), degrees Celsius (°C)
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the address in the GPS (global positioning system) and the expected travel time is
15 minutes. As you drive, you arrive to the dinner within 12 minutes. Since you
arrived 3 minutes ahead of schedule, the expected travel time was ‘inaccurate’.
Likewise, if you are moving into a new home or rearranging a room, it is necessary
to measure the room and have the exact dimensions so that you can ensure all of
your furniture will fit into the room as desired. One of my favorite sports to watch is
basketball. As the coach, your goal is to have all of your players be both accurate
and precise. When a player stands at the free throw line, his precision is
demonstrated by his ability to shoot the ball the same exact way each and every
time. The hope is that his technique will be accurate and that the ball will go into the
hoop each time.

Prefixes for units are a common practice, and the primary prefixes within physics
are the ‘centi-’, ‘milli-’, ‘kilo-’, ‘micro-’, and the ‘nano-’. Any of these prefixes can be
conjoined to a base concept. For example, 100 centimeters is equivalent to 1 meter.
Similarly, 1000 grams equates to 1 kilogram. Each prefix provides a shorthand way
to account for a particular value. For instance in table 1.2, there is a list of the metric
prefixes with the values that each represents, as well as the abbreviation associated
with each metric prefix. Numbers are often written in the ‘power of ten’ notation
best described as scientific notation. Scientific notation is a convenient method for
expressing numbers that are considered to be extremely small or large when written

Table 1.2. List of basic prefixes.

Metric prefix Abbreviation Value

Hella H 1027

Yotta Y 1024

Zetta Z 1021

Exa E 1018

peta P 1015

tera T 1012

giga G 109

mega M 106

kilo k 103

hecto h 102

deka da 101

deci d 10−1

centi c 10−2

milli m 10−3

micro μ 10−6

nano n 10−9

pico p 10−12

femto f 10−15

atto a 10−18

zepto z 10−21

yocto y 10−24
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in standard decimal notation. So what exactly does it mean when a value is
considered to be ‘extremely large or small’? An example is if you have the number
0.0000000345 written in standard notation. This number would be best demon-
strated in scientific notation as 3.45 × 10−8. Now if you want to provide more clarity
and specify the number as 3.45 × 10−8 m, it is obvious that this number is a
representation of a unit of measure for length. The number could also be written
using a prefix from table 1.2 as 34.5 nanometers.

What about the measurements affiliated with your body and bodily organs? Is it
necessary to know the amount of space your organs occupy or even the mass they
contain? There are nearly 78 organs within the human body, where some occupy
more space than others. Table 1.3 includes some measurements that are associated
with the body, where the heart and brain are amongst the larger organs in the body.
However, the skin is the largest organ of the body, having a mass of ∼11 000 grams
(depending on the weight of the individual). Measurements are key to aiding in
normal maintenance and function of the body. For instance, you need to know what
size clothing and shoes you wear in order to obtain the correct sizes. Alternatively, if
you are ill, it is important to know what your physiological temperature is and the
pharmacist must be knowledgeable in order to prescribe the appropriate dosage of
medication.

1.2 Unit conversions
Have you ever been in the department store and paid cash for a purchase? If you give
the cashier more money that the purchase costs, the cashier must then determine
how much change you are owed. Let’s say that you are owed $2.85; however, the
cashier recognizes that they are out of dollars when they prepare to give the change
back to you. As they look down at the coins in front of them, they remind themselves
that four quarters or even ten dimes will equate to one dollar. This is an important
lesson for ensuring that the conversion of units is well-defined. The cashier must
have a clear understanding of the value of the coins in front of them and how each
correlates to the dollar amount of change that is required to be returned to you.
The secret to every unit conversion is to know what the conversion factor is for the

Table 1.3. List of common measurements.

Concept Measurement

Average length of human hand 18.1 centimeters
Length of a football field 120 yards
Average human life expectancy 81 years
Mass of an electron 9.11 × 10−31 kilograms
Mass of a normal, human heart 300 grams
Weight of a normal, human brain 3 pounds
Total blood volume for 70 kg person 5.5 liters
Normal body temperature 98.6 degrees Fahrenheit
Average weight of skin in the body 10 900 grams
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concept that is being converted. A conversion factor is a ratio which portrays the
correlation between two units. Many questions within everyday life can be answered
by utilizing the conversion of units.

When setting up a unit conversion, there are a few basic steps that should be taken.
First, identify the unit that needs to be converted. Next, determine the appropriate
conversion factor to use for the preferred unit. Table 1.4 lists common conversion
factors that are often useful. To begin to convert, it is easiest to set up the problem
like a ‘train track’, as demonstrated in example 1.1. In the first block or the
numerator, place the unit that needs to be converted. The next block should have
the desired unit in the numerator and the unit you wish to discard in the bottom block
or the denominator. This is necessary so that the unwanted units will ‘cancel’ out
with each other, as any value divided by itself is equivalent to one. You can always
confirm that the conversion is accurately set-up if the units properly cancel out.

Example 1.1 A woman decides to take a jog on a trail in the park that is 3 miles
long. How many meters does she jog?

Knowing that 1 meter is equal to 1609 m (from table 1.4),

  =
⎛
⎝⎜

⎞
⎠⎟ 4827 meters(3 miles )

1609 meters
1 mile

Table 1.4. List of some conventional conversion factors.

Distance/length
12 inches = 1 foot
1 mile = 1609 meters
1 mile = 5 280 feet
1 meter = 39.37 inches
1 inch = 2.54 centimeters

Mass/weight
1 kilogram = 9.8 Newtons
1 pound = 4.45 Newtons
1 kilogram = 2.21 pounds

Time
1 year = 365 days
1 day = 24 hours
1 year = 3.156 × 107 seconds
1 hour = 3600 seconds

Volume
1 liter = 1000 cubic centimeters
1 gallon = 4 quarts
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*The reason that the conversion factor of 1 609 meters is in the numerator and 1 mile is
in the denominator is so that the units of ‘miles’ can be properly cancelled out, thus
leaving only the unit in ‘meters’.

Example 1.2 A football player weighs 175 pounds, but desires to gain 8 more
pounds of muscle over the course of the next few months. A) How much weight
would this be in Newtons? B) What would be the player’s body mass?

If the football player plans to gain 8 more pounds, the player’s weight will be:

+ =175 pounds 8 pounds 183 pounds

(A) To convert this weight into Newtons,

   
 

=
⎛
⎝⎜

⎞
⎠⎟( ) 814.35 Newtons183 pounds

4.45 Newtons
1 pound

(B) To determine the amount of mass of the player,

    =
⎛
⎝⎜

⎞
⎠⎟ 83.1 kilograms(814.35 Newtons)

1 kilogram
9.8 Newtons

*Alternatively, the mass could be determined by converting the weight of 183 pounds
to kilograms. Since there are 2.21 pounds equal to 1 kilogram, we would divide the
2.21 pounds into the 183 pounds to cancel the units. Thus, the answer would be
82.81 kilograms (∼83 kilograms), which is very close to the value that was calculated
above’.

Whether you are taking a road trip and trying to decide how long it will take to
arrive at a certain destination or if you have a headache and are trying to figure out
how many milligrams of aspirin to take, the measurement of units is critical to
understand. The world is driven by units and the corresponding conversion factors.
As we deepen our knowledge in future chapters, we will delve into concepts that
have units which are derived from basic fundamental units. We will also utilize units
to help solve word problems.
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Chapter 2

Mechanics of the body

2.1 What is mechanics?
Without even thinking, people awake in the mornings and get out of the bed to go to
work, school or wherever desired. Laying in a supine or horizontal position,
individuals are able to fold and twist their bodies so that they are able to get out
of the bed. Yes, this is a natural process; however, how is this possible? The human
body is constantly impacted by movements whether it is from the Universe, galaxy,
cells, or internal processes. All of this is due to the unique mechanics of the body.
Mechanics is defined as movement by way of forces and energy. When one thinks of
mechanics, two main branches come to mind: 1) classical mechanics; and 2) quantum
mechanics. Classical mechanics focuses on macroscopic objects and how forces
impact them. However, quantum mechanics deals with the interaction of energy and
matter of very small, nanoscopic materials. It is thought to supersede classical
mechanics when it comes to subatomic or molecular levels. The relevance of
quantum mechanics lies within the uncertainty principle, and the behaviors of
electrons, protons, and other objects that are part of the atomic scale. In this
chapter, our attention will be on classical mechanics, as it relates to the importance
of mechanics to the human body. We will further discuss quantum mechanics in
later chapters.

There are two main components of classical mechanics: 1) dynamics—explains
why things move the way that they do; and 2) kinematics—explains how things
move. These concepts date back to Aristotle when he addressed both natural motion
and violent motion. These aspects of motion define why objects tend to stay at rest,
have a natural position that they strive to achieve, and why objects are impacted by
an external force. I always tell students: ‘You have a natural tendency to want to
stay home and relax or do something fun; yet, you have a forced or imposed motion
to come to class to further your knowledge and to fulfill the requirements of your
major’. Objects move on the basis of a forced motion or a natural position or state.
This is the basis for how the cells in our body move and interact with other cells.
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Think of how white blood cells rapidly move to protect against injury and infection,
or even how insulin binds to receptors on the cell membrane to maintain the
appropriate blood sugar levels. Cells move to keep us alive and well! Our bodies are
regulated by the impact of mechanics.

2.2 Speed, velocity, and acceleration
Kinematics explain how things move on the basis of three main terms: 1) speed—
how fast something is moving; 2) velocity—how fast and in what direction some-
thing is moving; and 3) acceleration—the change in velocity with respect to the
change in time. When I drive my car to work daily, I pay close attention to how fast
the car is traveling so that I do not exceed the speed limit. Speed is a distinct measure
of a distance (how far something travels) per time, where the common units are miles
per hour (mph). However, when considering the body or physics-based problems,
the primary units used are meters per second (m s−1). The distinction between the
units is based on the fact that within the body, speeds occur on a smaller scale. To
convert from miles to meters, one must understand that there are approximately
1609 meters equal to 1 mile (1 mi = 1609 m). When runners compete in a marathon,
it is imperative to pay close attention to their speed to monitor or predict how
quickly they will complete the race. Speed is a concept that impacts our daily lives,
often in instances where we are not always aware or carefully observe.

Commonly, the questions of ‘how fast’, ‘how long’, and ‘how far’ come up in
kinematics-based problems. ‘How fast’ correlates with the amount of speed or
velocity. If you ask for ‘how long’, this indicates a query of the amount of time and
inquiring ‘how far’ denotes the distance or the displacement. Displacement is a
measure of the location of an object from the original starting point, while distance is
the amount of ground that is covered or traveled. These questions play a vital role in
guiding how to solve a problem and direct which formula(s) should be used to arrive
at a particular answer. A formula is a way to show the relationship between various
concepts, and often includes an ‘equal sign’. For example, the formula for speed is as
follows:

=speed
distance

time

or

=s
d
t

Notice that the variable ‘s’ symbolizes speed, while ‘d’ implies distance and ‘t’
designates the time. With speed or any other formula, there should only be one
‘unknown’ variable missing in order to find the actual answer. Example 2.1 provides
both the distance and time, thus the speed can be determined.

If we know how fast something is going, why is it important to also know the
direction? Direction is an important factor in distinguishing between a vector versus
a scalar. A vector is a quantity that has both a magnitude and direction, whereas a
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