
BIOMECHANICS 
LECTURE-1
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MOTION



Linear motion
◦ Linear motion (Translation): motion in which a straight line drawn between 2 or more points on the 

body maintain the same speed and direction during the movement. All points along the line will 

move along the parallel paths 
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Straight paths      rectilinear motion
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Curved paths         curvilinear motion



Angular motion 
(Rotation)

◦ rotation around a fixed axis 

has all points on a rigid 

segment moving in parallel 

planes along circular paths 

about the axis. Moved around 

a fixed point or axis.
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GENERAL MOTION- COMBINATION OF LINEAR 
MOTION + ANGULAR MOTION
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FORCE
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Force 

◦ - a push or pull that that 

alters or tends to alter the 

state of motion of a body. 

If the body changes its 

direction or speed then a 

force has been applied
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Force 

◦ Can cause a body at rest to 

move  

◦ Cause a moving body to 

change direction, 

accelerate or deaccelerate

◦ Change a body shape
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◦Look at this example and see where you can work 

out the F force, and what effect it has.
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◦ Two factors that will 

significantly affect the 

outcome of the force being 

applied on the body or 

objects?

◦ Size of the force

◦ Direction of the force
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The link between 
Force and 
Motion?

◦ Without forces being applied, 

there will be no change in 

motion.

◦ Whether still of moving
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Laws of motion

◦ Three laws of motion

◦ Law of inertia

◦ Law of Acceleration

◦ Law of action and reaction
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Law of 
Inertia
◦ Newton's First Law states that 

an object will remain at rest 

or in uniform motion in a 

straight line unless acted 

upon by an external force. It 

may be seen as a statement 

about inertia, that objects 

will remain in their state of 

motion unless a force acts to 

change the motion
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Newton's second 
law of motion

◦ The second law states that the 
acceleration of an object is 
dependent upon two variables - the 
net force acting upon the object and 
the mass of the object. 

◦ The acceleration of an object 
depends directly upon the net force 
acting upon the object, and inversely 
upon the mass of the object.

◦ As the force acting upon an object is 
increased, the acceleration of the 
object is increased. As the mass of an 
object is increased, the acceleration 
of the object is decreased.
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◦ Greater the mass of an 

object, greater the force 

required to give the same 

amount of acceleration and 

also the greater the force 

applied the greater the 

acceleration. 
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Law of action and 
reaction

◦ The third law states that all 

forces between two objects 

exist in equal magnitude and 

opposite direction: if one 

object A exerts a force FA on 

a second object B, then B 

simultaneously exerts a force 

FB on A, and the two forces 

are equal in magnitude and 

opposite in direction: FA = 

−FB.
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Types of machines found 
in the body

◦ A machine is a device which enables work to be 
done more easily and or more quickly by applying 
forces.

◦ Musculoskeletal system arrangement provides for 3 
types of machines in producing movement

◦ – Levers (most common)

◦ – Wheel-axles

◦ – Pulleys

◦ Machine types not found in the body

◦ – Inclined plane

◦ – Screw

◦ – Wedge
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Types of 
machines 
found in the 
body

◦ Machines function in four ways

◦ –balance multiple forces

◦ – enhance force in an attempt to reduce total force 

needed to overcome a resistance

◦ – enhance range of motion & speed of movement so 

that resistance may be moved further or faster than 

applied force

◦ – alter resulting direction of the applied force
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Levers
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It is a rigid bar or mass which rotate around a fulcrum on an axis perpendicular to the plane of motion.

The rotation is caused by a force applied to this bar. If the force is used to overcome a resistance it is

called effort, and all parts of the lever between the axis & the point of application of this force is called

the effort arm

• In anatomical lever, the rigid bar is the bone (it does not

necessarily resemble bars), the fulcrum is the joint axis, the effort is

applied by the muscle & its point of application is at the insertion

of the muscle.

• The resistance is the gravitational force alone or plus any outside

force & its point of application is at the COG of the segment or

the combined COG of both masses.

• In the anatomic levers with few exceptions, the effort arm is

shorter than the resistance arm, so it tends to favor speed &

range in expense of effort.



Mechanical advantage ( M.A.) of a lever :

◦ It is a measure of the efficiency of the lever in terms of stating the “output” of this 
machine relative to its “input” . It is the ratio between the effort applied to the lever & 
the resistance overcome by the lever. So,

E

◦M.A. = ------ or

R

Mechanical advantage = Length of force arm

Length of resistance arm



Problem 1

◦ You are a passenger in a truck that gets stuck 

in mud. You and the driver use a tree branch 

as a lever to lift up the truck. You apply an 

effort force of 600 N to the branch. The back 

of the truck weighs 2400 N. What is the 

mechanical advantage of the branch-lever?
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Problem 2

◦ Suppose that you are riding a bicycle. You 

exert an effort force of 697 N downward as 

you push on the pedals. The resulting load 

force that causes the bicycle to move 

forward is 93 N. What is the mechanical 

advantage of the bicycle?

24



Problem 3
◦ Two people use a ramp to move a heavy box 

onto a truck. The box weighs 750 N. The 

mechanical advantage of using the ramp is 4. 

How much effort is required to move the box?
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Problem 4
◦ A pulley is used to raise a bucket that weighs 

60 N. How much effort is required if the 

mechanical advantage is 1?
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LEVERS
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Types of Levers

◦ Three points determine type of lever & for which kind of motion 
it is best suited

◦ – Axis (A)- fulcrum - the point of rotation

◦ – Point (F) of force application (usually muscle insertion) - effort

◦ – Point (R) of resistance application (centre of gravity of lever) 
or (location of an external resistance)

◦ 1st class lever – axis (A) between force (F) & resistance (R)

◦ 2nd class lever – resistance (R) between axis (A) & force (F)

◦ 3rd class lever – force (F) between axis (A) & resistance (R)
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Class 1 levers

◦ In this arrangement, the fulcrum is located 
between the effort and the resistance. 

◦ Depending upon the relative distance of 
the effort and resistance arms, it may take 
a small effort to lift a large resistance or 
the effort may act at a small distance to 
move the resistance a greater distance. 

◦ Its mechanical advantage can be either 
greater or less than one. 

◦ The direction of the effort and resistance is 
always opposite to each other e.g. the 
triceps muscle when extending the elbow 
against gravity
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Advantages

◦ Produce balanced movements when 
axis is midway between force & 
resistance

◦ Produce speed & range of motion 
when axis is close to force,

◦ Produce force motion when axis is close 
to resistance
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CLASS 1 
LEVERS



Class 2 Levers

◦ In this arrangement the resistance is located 
between the effort and the fulcrum.

◦ Its mechanical advantage is always greater 
than one because the effort arm is always 
greater than the resistance arm.

◦ The effort will be less than the resistance and 
will always move a greater distance than 
the resistance. The direction of movement 
of effort and resistance will be the same.

◦ It is doubtful that this class of lever may be 
found in the human body. 

◦ Because of this arrangement, this class of 
levers magnifies force at the expense of 
range and speed.
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Advantages

◦ Produces force movements, since a 

large resistance can be moved by a 

relatively small force

◦ Relatively few 2nd class levers in 

body
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CLASS 2 LEVERS



Class 3 Levers
◦ In this arrangement, the effort is located

between the fulcrum and the resistance.

◦ The effort arm is always less than the resistance
arm.

◦ To support the resistance, the effort must be of
greater magnitude than the resistance, but the
effort moves less distance than the resistance.

◦ So, there is a loss of effort but a gain in distance
and speed.

◦ The direction of movement of the effort and
resistance will be the same.

◦ Anatomical example is the biceps muscle
acting on a flexed forearm.

◦ In general most of the anatomic levers are of
this class.
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Advantages
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Produce speed & range-
of-motion movements

Most common in human 
body

Requires a great deal of 
force to move even a 
small resistance



CLASS 3 LEVERS
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Fulcrum Resistance Effort

F R

First class

R F

Second class

F R

Third class



Factors in use of anatomical levers

◦ Anatomical leverage system can be used to gain a mechanical advantage

◦ Improve simple or complex physical movements

◦ Some habitually use human levers properly

◦ Some develop habits of improperly using human levers
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Torque and length 
of lever arms

◦ Torque – (moment of force) the turning effect of 
an eccentric force

◦ Eccentric force - force applied in a direction not 
in line with the center of rotation of an object 
with a fixed axis

◦ A force that does not pass through the centre of 
gravity of the body on which it acts or through a 
point at which the body is fixed. Such 
a force produces translation and rotation. Its 
rotatory effect is known as torque.

◦ In objects without a fixed axis it is an applied 
force that is not in line with object's center of 
gravity

◦ For rotation to occur an eccentric force smust be 
applied
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Torque and 
length of lever 
arms

◦ In humans, contracting muscle applies an eccentric 
force (not to be confused with eccentric contraction) 
to bone upon which it attaches & causes the bone to 
rotate about an axis at the joint

◦ Amount of torque is determined by multiplying amount 
of force (force magnitude) by force arm.

◦ Force arm - perpendicular distance between location 
of force application & axis moment arm or torque arm

◦ shortest distance from axis of rotation to the line of 
action of the force

◦ the greater the distance of force arm, the more 
torque produced by the force.

◦ Resistance arm - distance between the axis and the 
point of resistance application
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Torque and 
length of 

lever arms
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Inverse relationship between length of the two 
lever arms

– Between force & force arm

– Between resistance & resistance arm

– The longer the force arm, the less force 
required to move the lever if the resistance & 
resistance arm remain constant

– Shortening the resistance arm allows a greater 
resistance to be moved if force & force arm 
remain constant



Torque and 
length of 

lever arms

43

Proportional relationship between force 
components & resistance components

– If either of the resistance components 
increase, there must be an increase in 
one or both of force components

– Greater resistance or resistance arm 
requires greater force or longer force 
arm

– Greater force or force arm allows a 
greater amount of resistance to be 
moved
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The coefficient of kinetic friction is the force between two objects when one object is

moving, or if two objects are moving against one another. The coefficient of friction is

dimensionless, meaning it does not have any units. A value of 1 means the frictional force is

equal to the normal force.
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LINE OF 
GRAVITY
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Stability is the resistance to a change in the body's acceleration or, more

appropriately, the resistance to a disturbance of the body's equilibrium
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Balance, 
equilibrium, & 
stability

General factors applicable to enhancing equilibrium, maximizing stability, 
& ultimately achieving balance:

◦ A person has balance when the center of gravity falls within the 
base of support

◦ A person has balance in the direct proportion to the size of the base

• The larger the base of support, the more balance

◦ A person has balance depending on the weight (mass)

◦ The greater the weight, the more balance

◦ A person has balance, depending on the height of the center of 
gravity

◦ The lower the center of gravity, the more balance

◦ A person has balance, depending on where the center of gravity is 
in relation to the base of support

◦ Balance is less if the center of gravity is near the edge of the 
base

◦ When anticipating an oncoming force, stability may be 
improved by placing the center of gravity nearer the side of 
the base of support expected to receive the force

◦ In anticipation of an oncoming force, stability may be increased by 
enlarging the size of the base of support in the direction of the 
anticipated force

◦ Equilibrium may be enhanced by increasing the friction between 
the body & the surfaces it contacts.
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◦ Rotation about an axis aids balance 
. A moving bike is easier to balance 
than a stationary bike

◦ Kinesthetic physiological functions 
contribute to balance

◦ The semicircular canals of the 
inner ear, vision, touch (pressure) 
& kinesthetic sense all provide 
balance information to the 
performer

◦ Balance and its components of 
equilibrium and stability are 
essential in all movements and are 
all affected by the constant force 
of gravity as well as by inertia
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