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BIOMECHANICS... WHAT DOES THAT MEAN?

« When we hear the word “mechanics”, most of us think of cars, engines, and perhaps a lot of
grease. Back in the time of the Greeks, however, the term mekhane, which is where we get the
English word “machine” from, more often referred to tools than just machines (since the ancient
Greeks didn't really drive around in cars!).

« Mechanics really talks about using tools to take advantage of forces and physics to move objects
and accomplish tasks. In science we use mechanics to help us understand the motion of objects
which can teach us about the physical world around us (which is where the “bio” part of
biomechanics comes in!).

« In this unit we will be learning about a number of different principles where physical laws
interact with the biological world in what we call Biomechanics.
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SECTION 1: BIOMIMETIC

* Bio — refers to life.
« Mimicry — means to imitate

« Many times in the world of mechanics, engineers will look to nature to gain
inspiration and new ideas on how to solve problems.

« We can take designs from nature and use them in designing products and devices through
engineering.



helped us to develop better tires for our VGhIC|€$ ;
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BIOMIMETICS CHALLENGE!

« Take a look at the picture collage in the
workbook and try to match the proper
technological product with the corresponding
biological “blueprint”!

« Check your answers under Exercise 1 for the
Biomimetics Unit.
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SECTION 2: FROM SKELETONS TO BRIDGES

« Many animals besides humans are accomplished builders. Animals have
had a great deal of impact on their surrounding habitats and their
efforts have helped to shape the world around them.

« Humans have long been fascinated by the structures that various
animals have made, such as termite mounds, bird “apartment” nests,
honeycombs, spider webs and many others. We are so inspired by
these structures that we have used them to create structure

own using the same designs. :




EXERCISE 2A: SPAGHETTI SPANS BRIDGE BUILDING

« When we drive around from place to place, we often travel
over bridges and 1 in 9 of the bridges we cross have been
deemed to be in “bad shape”. Most of these are bad from
being so old, but design can sometimes be a problem too.

 In this exercise you learn more about the important factors of
bridge strength.

» Each group will develop a bridge design plan using K'Nex
building pieces and will then construct that bridge using dry
spaghetti noodles that has to cross a 10 inch span between
two desks.

« Once all bridges are built you will determine whose bridge is
the strongest based on how much weight it can hold!

Refer to the Workbook for specifics!



EXERCISE 2B: UNDER STRESS! c twm F
o—o)

« QOur bones, and many other things, work very similarly to bridges
in the way that we handle stress from forces like gravity.

« There are 3 main types of stress: Tension, Compression, and F Lompression F

Bending :> : <:|

« Tension is when forces pull on an object from opposite sides
« Compression is when forces push on an object from opposite sides

 Bending is when force is applied at a right angle to a certain Eending
object

 In this exercise your teacher will have several volunteers come up F
and manipulate some pencils to further understand the 3 types of




EXERCISE 2C: BRIDGE COMPETITION TAKE 2!

« Now that we know a little bit more about the 3
types of stresses: Tension, Compression, and
Bending; we are going to see if we can apply that
knowledge to produce a stronger bridge!

 Civil engineers use the principles all the time to
create what we call Truss Bridges, which were
developed by looking at nature for a blueprint like
we discussed in Unit 1. These bridges are very
simple in design but they are very sturdy.

« A Truss is built in such a way that each member of
the unit distributes the weight of the load to reduce
bending stress. This most commonly comes in the
form of triangles that form an arch.

Hollow Bird Bone Building Truss




BRIDGE COMPETITON TAKE 2

» Quadrupeds such as apes and humans have a similar arch in their spine that helps to relieve
the stresses of tension and bending.

« In the second trial of our Bridge Building experiment, each group will have the opportunity to
build a new bridge that mimics the design that we have seen in Truss Bridges and Quadrupeds.

« Use the web to observe the structure of many skeletons to see the way that the hips and
backbone support weight.

« Once you have completed your research, use the same design as Exercise 2a to create and test
your bridges!

FADAM.




SECTION 3: JAWS AS LEVERS

Fulcrum

P

Fulcrum

« You may not have thought of it before, but we use levers everyday. Our
jaws, and any set of jaws that creatures have, are a great example of a
lever.

« A lever is commonly known as a simple machine that is used to move
heavy objects or gain a mechanical advantage in applying force to an Class 3
object (like chewing food).

« There are 3 types of levers, called classes, that differ in the positioning
of the fulcrum, load, and effort elements.

 In this unit we will be exploring the usefulness of Class 1 levers in
nature by working through a series of exercises.



EXERCISE 3A: THE LEVER: A SIMPLE MACHINE

« Levers usually consist of a solid beam that can rotate on a support called the fulcrum

« Power is known as the rate of doing work, and is measured by multiplying the force applied
to an object by the velocity of that object.

« The Law of the Leveris a ratio used to describe the relationship between force applied and
the subsequent force output based on the length of the lever.

» In the following exercises you will physically explore how changing the position of the
fulcrum affects the mechanical advantage of the lever.

Refer to the workbook for specifics and
formulas.

Effort Arm

Fulcrum




EXERCISE 3B: THE VERTEBRATE JAW

« The development of jaws in early fish is considered as one of the greatest advances in
vertebrate history.

» Jaws appear to have formed from the front-most gill arches in fish and consist of upper
and lower structures that are used to grasp or manipulate food.

» This structure is very similar to the class 1
lever that we commonly use, a pair of pliers.

 In this exercise we will be looking at different
sizes and shapes of pliers to explore the
relationship between jaw shape and dietary
preference in fish and birds.

a) Mouth lacking b)Jaw fromgill  ¢) Mammalian d) Avian bill &
jawin 1%t fishes archesin later  jaw with teeth jaw musculature
fishes & muscle surface
attachment
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" SECTION 4: PROJECTILE MOTION

 Projectile motion is a physical principle that assumes
that once and object is dropped or thrown
(projected) it will continue in motion until it is
influenced by the pull of gravity.

« Many organisms operate under the principles of
projectile motion to drop from trees to escape
predators, jump as a form of movement, or throw
objects.

 In this unit we will perform exercises to help us
further understand the horizontal and vertical aspects
of projectile motion and how organisms operate
under these principles.







EXERCISE 4B: LAUNCHING

« In exercise 4a we learned about projectile motion in terms of falling or being thrown in simply the
vertical direction.

» There is a second form of projectile motion that includes the not only the vertical component, but
also the horizontal component. This type of motion is also influenced by the angle at which the
object is thrown.

« Many organisms across the planet operate under the principles of projection for various reasons.
Spitting cobras shoot a stream of venom to deter potential predators while some monkeys will
throw food or poop for the same purpose! 7
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« Whatever the reason may be, these actions follow the rules of projectile motion in the horizontal
and vertical planes.

« In this exercise we will examine the parameters of launching by using rockets to understand how
launching differs from free fall.



EXERCISE 4C: STOP THE MONKEY’S ESCAPE!

For this exercise you will be forced to think outside of the box a little bit. Imagine you are a
zookeeper and one of your monkeys has escaped. The monkey is hanging from a tree limb and is
about to drop to freedom. Your job is to use a tranquilizer dart to capture the monkey before he
escapes, but you only have one shot!

Using this principles that you have learned, and the formulas that are provided in the workbook, you
have to determine where to aim so that you hit the monkey in the middle of its free fall.

In the exercise you will use the straw rocket launcher from before to simulate the tranquilizer gun
and capture the “monkey” before he escapes!




SECTION 5: SIMILAR THINGS TO WINGS: DRAG

« In all living organisms, an important part of life is dispersal: moving away from parents or a
cluster of competing individuals in order to find food or mates.

« Dispersal can have a positive effect on the genetic structure of a population as it helps to bring
in new characteristics to a certain group.

» Dispersal can lead to a species occupying a new habitat which helps them to more easily
survive environmental changes.

 All organisms disperse, but not all species do so in the same way.




SECTION 5: SIMILAR THINGS TO WINGS: DRAG

« While animals are generally capable of moving themselves around to
disperse, plants cannot disperse quite so simply, so they rely on 3 main
mechanisms to disperse:

« Free Fall/Gravity dispersal: This is achieved by a heavy fruit or seed falling
from its parent plant (think of an apple falling from a tree and rolling away
from its parent tree).

« Launch dispersal: This type of dispersal occurs by the parent plant launching
its seeds out by some mechanism (a type of flower called the impatiens fling
out it seeds when it is touched by a passing animal).

« Drag/Wind dispersal: Many types of plants, like the dandelion or maple tree,
produce tuft-like fruits or seeds that help them float away when the wind
blows.

 In this unit we will further explore the effect of drag and the ways that it
influences dispersal in plants, through a series of exercises.




EXERCISE 5A: FORCES AND FALLING OBJECTS

« In exercise 4a we examined the principle of
free fall under which all objects drop at the
same acceleration. In this set of exercises we
will look at the effects of air resistance (drag)
on movement of seeds in flight and the way
it limits the velocity of falling objects.

 For this set of
experiments we will be
dropping a series of
different objects in
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Terminal Velocity

different forms to see . dens'wprojected
how the principle of drag area
changes the way that drag

objects fall to the coefficient
ground.




EXERCISE 5B:EXPLORING DISPERSAL IN NATURE

» Our next exercise will look at how dispersal applies in biological context by experiments with
maple seeds, also called samaras, and by looking at gliding mammals.

« This type of dispersal is acted upon by the free fall parameters as well as drag. These
experiments will help us to understand how the physical principles interact with biological
organisms to result in dispersal parameter for organisms.




SECTION 6: BIOACOUSTICS

Acoustics is an interdisciplinary science that studies
the nature of mechanical waves including vibration
and sound.

Hearing is a sense that animals use to gain
information from their surroundings.

Waves can be transmitted air, water, and even the
ground.

Over 200,000 species of insects alone send signals to
one another using vibrational channels.

The sense of hearing is widely used among animals
to detect and interpret sounds in order to gain
information. In this Unit we will be looking at the
various aspects of sound in order to gain a better
understanding of acoustics and how it affect the
world around us!




EXERCISE 6A: METHODS OF ANIMAL
COI\/II\/IUNICATION

All sounds, no matter how they are produced, are a result of one overall cause: the vibration of
molecules. This vibration, whether it is in the air, water, or ground, produces wave-like patterns.

« Sounds can be transmitted around
obstacles like trees, rocks, and
other objects; it's function is
unchanged by light or darkness;
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1. Hitting a substrate 2. The_tymbal, a drum-like meml-:)rane
that vibrates through muscle action

and it travels very quickly. S

« For these reasons, animals tend to = . .
use sound as a form of } /AN Male frog e =
communication very readily.

« Sound properties such as pitch, amplitude, tone, and intensity help to provide different
attributes to distinguish between different types of messages.

« In this set of exercises we will look at the four main ways that animals produce sounds
(striking a substrate, vibrate a membrane, stridulating, and air flow across a vibrating
membrane). We will then use instruments to try to produce those sounds.



EXERCISE 6B: SOUNDS ARE WAVES

« A sound wave is a type of disturbance that travels through air or some other medium by
exciting the particles in its path. Excited particles move back and forth and transmit their
disturbance down a path.

« A sound wave is defined by 3 things:

- Amplitude: the degree in which particles in a wave are disturbed

 Period: the time between two successive peaks of a wave

« Frequency: the number of periods per unit of time

 In this set of exercises you will explore the concepts of amplitude, period, and frequency to
gain a better understanding of sounds as waves.
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EXERCISE 6C: SEEING SOUND

« It is easy enough for us to hear various animal sounds, but Biologists need to be able to
physically measure differences in sound.

« We cannot simply take out a ruler and measure the differences in animal calls, so biologists
generally use graphs to sort and analyze sounds and other non-visual traits.

« Sounds can be converted to sonograms or spectrograms to display information about sounds.

« As we work through this exercise we will learn to read sonograms and ultimately try to identify
certam speC|es of frogs and toads based on thelr respectlve sonograms.

BASY N

Y Pitch (frequency in kHz) o ‘

Ahfﬁﬁ‘ ﬁ

-

l ime (msecs)




EXERCISE 6D: COMMUNICATING AT A DISTANCE

« Sound can travel very quickly, however it also appears quieter when

the source is farther away. , ‘4)wwmmkA,mﬂJw“,.;\,%MW.WM_NMWW,MM

 Attenuation is the gradual loss of intensity in the sound wave as it
travels. This is caused by scattering and absorption of the wave as
it moves along.

« Both of the phenomena pose difficulty for animals that need to
communicate. Many animals need to call to others to attract a
mate, identify a food source, or to alert others of predators but in
some cases they want to be heard by some and not by others.

« For this reason, many animals can vary the frequency of a call
depending on distance.

 In this exercise we will look at the concept of attenuation and gain ‘ —_wave attenuator
further understanding as to the methods that animals use to

communicate at a distance. I



EXERCISE 6E: CRANK IT UP!

» The acoustics and sound industry takes advantage of the physical nature of waves. One of the

main goals in this industry is to improve the distance at which sounds can be detected while
maintaining high quality.

« Speakers are composed of a coil wire, a magnet, a source signal input, and a diaphragm that
can vibrate and they are used to transmit sounds by creating pressure waves from vibrations
through the use electromagnetism.

« In the following exercise we will explore the effect of the medium (speaker diaphragm) on
projection and overall sound quality produced by the sound waves from a speaker.
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EXERCISE 6F: STOP THAT NOISE

« Animal communication and signal exchange is constrained by noise.

» Nature, itself, produces a lot of sounds in the environment which collectively forms the soundscape.
This jumble of sounds can often be viewed as noise as it can be quite loud in certain areas.

« Noise not only occurs out in nature, but also in our cities, homes, workplaces, and schools. For this
reason, soundproofing is a major industry that looks to reduce the deafening effects of noise.

« In this exercise you will work with a group to design an experiment to evaluate the noise level of
various sounds with and without soundproofing. You will then share you information with your class
and discuss your results.




REFER TO THE WORKBOOK!

 This slideshow is intended to be used a supplement to the workbook,

which contains many important formulas and concepts not covered in
this presentation.

» Please refer to the workbook for more specific details, instructions, and
procedures for the exercises mentioned in this presentation.

« The answer key for all of the exercises described in this slideshow can
be found in the back of the workbook.



