Friction: Understanding the Everyday Resistance

From walking without slipping to braking a car, friction is the invisible force shaping nearly every movement around us. These

notes break down the science of friction — what it is, how it works, and why it matters — with clear diagrams, colour-coded

sections, and real-world examples.
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What is Friction? A Simple Introduction

Friction is a resistive force that opposes the relative motion (or tendency of motion) between two surfaces in contact. It always

acts parallel to the surfaces and in the opposite direction to motion or impending motion.

Why Does Friction Occur? Key Characteristics

Even surfaces that appear smooth have microscopic bumps e Acts parallel to the contact surface

and valleys. When two surfaces touch, these irregularities

e QOpposes relative motion or its tendency
interlock, creating resistance to motion.

e Depends on the nature of surfaces

¢ Independent of apparent contact area

e Proportional to the normal reaction force

G . Remember: Friction is not always a nuisance — without it, we could not walk, write, or hold objects!
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Types of Friction: Exploring Different Forms

Friction is not one-size-fits-all. Depending on the state of motion and the medium involved, friction takes four distinct forms.
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+ Static Friction Kinetic Friction

Acts when an objectis at rest.  Acts when an object s

It adjusts itself to match the already in motion. It is
applied force,up to a generally less than static
maximum value called friction, which is why it is
limiting friction. Formula: easier to keep something
fs < usN moving than to start it.

Formula: fr = ux N

Static

Object at rest;
highest resistance

Kinetic

Object sliding;

medium resistance

4+ Rolling Friction Fluid Friction

Occurs when an object rolls Resistance offered by fluids
over a surface. Much smaller  (liquids and gases) to objects
than sliding friction — this is moving through them.

why wheels are so efficient. Depends on speed, shape,
Formula: f, = u-N and viscosity. Streamlined

shapes reduce it.

Rollmg Fluid

Object rolling; low
resistance

Objectin liquid;
variable resistance

Static friction is the strongest, followed by kinetic, then rolling. Fluid friction varies with speed and shape.
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The Science Behind Friction: Microscopic
Interactions

What Really Happens at the Surface?

At a microscopic level, no surface is perfectly smooth. CA g -NRTE\SCTI- TBHREEQIO(INNDG s
Surfaces have asperities — tiny peaks and valleys. When two
surfaces are pressed together: NORMAL FORCE TO

; o |FORCE ~ BREAK BONDS «
e Only the tips of asperities make actual contact

e High pressure at contact points causes cold welding
(adhesion)

e Motion requires breaking these bonds

e Rougher surfaces = more interlocking = greater friction ( COLD FRICTION
O WELDS K -
[)' Thereal area of contact is only a tiny fraction of CONTACT COLD WELDS
the apparent (visible) contact area. ONLY AT STRETCH
AT PEAKS AND SNAP

Adhesion Theory Interlocking Theory Ploughing Effect
Molecular bonds form at contact Surface irregularities mechanically Harder asperities dig into softer
points, requiring force to break interlock, resisting sliding motion. surfaces, creating grooves and
during motion. resistance.
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Measuring Friction: Coefficients and Formulas

The coefficient of friction (p) is a dimensionless number that quantifies how much friction exists between two surfaces. It is the

ratio of frictional force to normal reaction.

Key Formulas Typical Coefficient Values
Static Friction (maximum):
Surface Pair K (static) Tl
fs(maa:) = Ms X N (kinetic)
Kinetic Friction: Rubber on dry concrete 1.0 0.8
fk = Ui, X N Steel on steel 0.74 0.57
Coefficient of Friction: Wood on wood 0-5 03
Ice onice 0.1 0.03
Teflon on steel 0.04 0.04

Where N = Normal Reaction Force

. Solved Example

A block of mass 10 kg rests on a horizontal surface. If u, = 0.5 and g = 10 m/s?:

Step 1: Find Normal Step 2: Find Limiting Conclusion
Reaction Friction A force of at least 50 N is needed to
N =mg=10x 10 =100 N fs(maz) = s X N = 0.5 X 100 = start moving the block.

50 N
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The Good, The Bad, and The Ugly: Advantages
and Disadvantages

Friction is a double-edged sword. It enables countless essential functions while also causing wear, energy loss, and inefficiency in

machines.
Advantages of Friction X Disadvantages of Friction
e Enables walking and running without slipping e Causes wear and tear of machine parts
e Allows vehicles to brake and stop safely ¢ Produces unwanted heat, wasting energy
e Makes writing with a pen possible e Reduces efficiency of engines and motors
e Holds nails and screws in place e Requires extra force to move objects
e Enables gripping objects with hands e Generates noise in moving machinery
e Generates heat for fire-starting e |eadsto overheating in high-speed systems
e Provides traction for tyres on roads e Increases fuel consumption in vehicles
30% 0 100%
Energy Lost Cost of Wear Essential for Life
Approximately 30% of fuel energy in cars Industrial machinery loses billions Walking, holding, and gripping would be
is lost to friction annually due to friction-induced wear impossible without friction
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Reducing Friction: Lubricants, Bearings, and

Design Innovations

In engineering and industry, reducing friction is critical for efficiency, longevity, and performance. Several proven methods are

used across applications.

O

Lubricants

Oils, greases, and graphite form a thin film between surfaces,

replacing solid-solid contact with fluid friction. Example:

Engine oil in cars.

Pandin

Polishing Surfaces

Smoothing surfaces reduces asperity interlocking. Example:

Polished machine parts, smooth ice rink surfaces.

—
K

Air Cushion

Hovercrafts and air hockey tables use a layer of air to

eliminate surface contact, reducing friction to near zero.

>

Ball Bearings

Replace sliding friction with rolling friction using metal balls
or rollers. Used in wheels, fans, and motors to drastically

reduce resistance.

oA

Streamlining

Designing aerodynamic shapes reduces fluid friction (drag).

Used in cars, aircraft, submarines, and competitive swimwear.

&=

Magnetic Levitation

Maglev trains use magnetic repulsion to float above tracks,

eliminating contact friction entirely for ultra-high speeds.
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Increasing Friction: Enhancing Grip and Control

While reducing friction is important in machines, increasing friction is equally critical for safety, control, and performance in

many situations.

Methods to Increase Friction Real-World Applications

Roughening surfaces — Sandpaper, textured grips % Vehicle Tyres

Using rubber or high-p materials — Tyre treads, shoe

Tread patterns channel water away and rubber

soles _— .
compounds maximise grip on roads.

Increasing normal force — Pressing harder on brakes

Adding grooves or patterns — Tyre treads, fingerprint % Sports Equipment
ridges

. . . Cricket gloves, football boots, and tennis racquet
Applying chalk or resin — Gymnasts, rock climbers,

Ll grips all rely on high friction.

weightlifters

—  Brake Pads

High-friction materials convert kinetic energy to heat,

stopping vehicles safely.

— Mountain Climbing

Specialised rubber soles and chalked hands

maximise friction on rock surfaces.
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Friction in Action: Real-World Applications and
Engineering Marvels

Friction is at the heart of countless technologies and natural phenomena. From the simplest daily tasks to the most advanced

engineering systems, friction plays a starring role.

v

- Formula
1 Racing

F1carsrelyon
extreme
friction for
braking and
cornering.
Carbon-ceramic
brake discs
operate at over
1000°C. Tyre
compounds are
precisely
engineered for
maximum grip
at specific track

temperatures.

<A Aircraft
Landing

During landing,
wheel brakes,
reverse
thrusters, and
spoilers work
together.
Friction
between tyres
and runway,
combined with
aerodynamic
drag, brings a
400-tonne
aircraft to a halt

in under 2 km.

%

Touchscree
n
Technology

Capacitive
touchscreens
exploit the
electrical
properties of
human skin —
a form of
surface
interaction. The
friction and
conductivity of
fingertips
enable precise

input detection.

Earthquake
s and
Tectonic

Plates

Earthquakes
occur when
static friction
between
tectonic plates
is finally
overcome.
Stress builds up
over years until
the limiting
friction is
exceeded,
releasing
enormous

energy.
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Summary and Key Takeaways: Mastering the

Force of Friction

Let us consolidate everything we have learned about friction into a clear, memorable summary.

01

02

Friction Opposes Motion

Friction is a resistive force acting parallel to surfaces in contact,

always opposing relative motion or its tendency.

03

Four Types Exist

Static (object at rest), Kinetic (object sliding), Rolling (object
rolling), and Fluid (object in fluid) — each with distinct

properties.

04

Microscopic Origins

Surface asperities interlock and form cold welds. Real contact

area is tiny; normal force determines friction magnitude.

05

Friction = p x Normal Force

The coefficient of friction (u) is a material property. Static

friction is always = kinetic friction for the same surfaces.

06

Friction Has Two Faces

Essential for walking, braking, and gripping — yet causes wear,

heat loss, and inefficiency in machines.

© Quick Revision Formula Sheet
f s S usN f k= purpN

p = tan 6 (angle of repose)

. = 1N (rolling)

We Can Control Friction

Reduce it with lubricants, bearings, and streamlining. Increase

it with rough surfaces, rubber materials, and tread patterns.

= Remember for Exams

e Static friction is self-adjusting up to its maximum
® 1, > uy always for the same surfaces

e Friction is independent of area of contact

e Rolling friction < Sliding friction

* Angle of repose: = tan~*(u,)

© Master Tip: Always draw a free-body diagram showing the friction force opposing motion — it is the key to solving

any friction problem correctly!
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