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BOATS and BOATS!
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SAIL AWAY:
MOTION AND FORCES
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Engineering Sailboats!

Institute Of Electrical And Electronics Engineers, Phoenix Section
Teacher In Service Program / Engineers In The Classroom (TISP/EIC)

άIŜƭǇƛƴƎ {ǘǳŘŜƴǘǎ ¢ǊŀƴǎŦŜǊ ²Ƙŀǘ Lǎ [ŜŀǊƴŜŘ Lƴ ¢ƘŜ /ƭŀǎǎǊƻƻƳ ¢ƻ ¢ƘŜ ²ƻǊƭŘ .ŜȅƻƴŘέ
Arizona Science Lab  www.azsciencelab.org



Our Sponsors

The AZ Science Lab is supported through very 
generous donations from corporations, non-
profit organizations, and individuals, including:
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Our Earth ςWater & Land
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71 %

Lots of Water!



What Do We Know About Boats?

What is a Boat?

²ƘŀǘΩǎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ŀ ǎŀƛƭōƻŀǘ ŀƴŘ ŀ 
motor driven boat?

Are Sail Boats Important Today?  ςIn the Past?

²Ƙŀǘ !ǊŜ {ƻƳŜ {ŀƛƭ .ƻŀǘ άtǊƻǎέ ŀƴŘ ά/ƻƴǎέΚ

A Boat is a Vehicle That Floats on the Water
AND

We Control Its Speed and Direction
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²Ƙŀǘ ²ŜΩǊŜ DƻƛƴƎ ǘƻ ¢ŀƭƪ !ōƻǳǘ

Archimedes Principle

Forces and Moments

Parts of a Boat - Review

Design a Boat

Build & Test a Boat
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Parts of a Boat



Major Parts of a Sail Boat

üHull
üKeel

üRudder
üSail

üMast
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WHY DO THINGS FLOAT?
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What Keeps the Boat UP
And the Anchor DOWN?
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LǘΩǎ !ƭƭ !ōƻǳǘ 5Ŝƴǎƛǘȅ

ωWhich of these pairs is more dense: 

1.  A small rockor a large wad of crumpled paper?        

2.  A Styrofoam cupor a ceramic cup?

3.  A boat that floatsor a boat that sinks?

ωThe ŘŜƴǎƛǘȅΣ ˊ όάǊƘƻέύ, of a material is its mass, m, divided byits volume:

mass per unit of volume (g/cc):

DEFINITION:
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Which of these materials float in water?

Substance Density: kg/m3 g/cc

1. Gold                 19,320. 19.32

2. Lead 11,340. 11.34

3. Silver 10,500. 10.50

4. Aluminum 2,700. 2.70

5. Ironwood 1,200. 1.20

6. Sea Water 1,030. 1.03

7. Water 1,000. 1.00

8. Ice, Icebergs 920. 0.92

9. Woods

ω Cherry 630. 0.63

ω Oak 560. 0.56

ω Pine 500. 0.50

ω Balsa 160. 0.16

[ŜǘΩǎ [ƻƻƪ !ǘ {ƻƳŜ 5ŜƴǎƛǘƛŜǎ
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Archimedes

Archimedes of Syracuse

(290BC ςc. 211BC)

Greek mathematician, 
physicist, engineer, inventor, 

and astronomer
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Buoyancy and Archimedes Principle

A body 
immersed in a fluid 

is buoyedup

by a force

equal to the weight

of the displaced fluid.
Or

In Simpler Terms . . .
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.ǳƻȅŀƴŎȅ !ƴŘ !ǊŎƘƛƳŜŘŜǎΩ tǊƛƴŎƛǇƭŜ

An object in a fluid with a density

greater than the fluid sinks,

and

an object in a fluid with a density 

less than the fluid floats. 
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Archimedes Principle ςBuoyancy
Kg

Kg

3000 g of 
water 3

kg

7

7

Volume = 
3000 cc
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Archimedes & the King of Syracuse
Determining the volume and density of an 
irregular object:
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Å The King wanted a new crown.
Å The King worried that the goldsmith substituted some silver 

for gold.
Å He asked Archimedes to determine if his new crown was 
άǎƻƭƛŘέ ƎƻƭŘΦ 

Å Archimedes was struggling with this problem when taking a 
bath, saw that the water in the tub rose as he got in the 
water. 

ÅIŜ ŦƛƎǳǊŜŘ ƻǳǘ ǘƘŜ ǇǊƻōƭŜƳΣ ȅŜƭƭŜŘ ά9ǳǊŜƪŀΗέΣ ŀƴŘ Ǌŀƴ 
through the streets naked!

Å An object is buoyed up by a force equal to the weight of 
water it displaces.

Å Using a balance scale and solid block of gold, he balanced 
the two in air and then submerged them in water.

ÅWhat happened??

Kg

Kg

3000 g of 
water 3

kg

7

7

Volume = 
3000 cc



άbecause they are less dense than waterέ

Why Some Objects Float

Buoyancy

Weight

(Gravity)

Original water level
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How Does This 97,000 Ton WarshipFloat?

The shape of the hull ensures 97,000 tons of water is displaced while the water level on 
the outside of the hull is well below any dangerous line

By Archimedes Principle, the aircraft carrier floats 
because it is less densethan water!
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FORCES
&

MOMENTS
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What are Some Common Forces?
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ÅPush or a pull
ÅForce of running water (river)
ÅForce of the wind



What Is A Force?

In physics, a force is any external agentthat 
causes a change in the motionof a free body, or 
that causes stress in a fixed body.

or
In Simpler Terms . . .
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What is a Force?

11/28/
17 V7.0
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A Force is a push or a pull that 

changes the motion of an object. 



bŜǿǘƻƴΩǎ ¢ƘƛǊŘ [ŀǿ ƻŦ aƻǘƛƻƴ

For every action there is an equal and opposite reaction
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bŜǿǘƻƴΩǎ ¢ƘƛǊŘ [ŀǿ ŀƴŘ {ŀƛƭ .ƻŀǘǎ
WIND 
EXERTS 
FORWARD 
FORCE ON 
SAIL

SAIL PUSHES 
BACK ON WIND

SAIL PULLS ON 
MAST AND PULLS 
BOAT FORWARD

DRAG FROM WATER 
RESISTS  FORWARD 
MOTION OF BOAT

Weight

Buoyancy
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Some Forces That Act on Boats

ωMoving water (water currents, waves)
ωGravity
ωBuoyancy (Archimedes Principle)
ωWind
ωFriction or Drag (water, air)
ωRighting Force

¢ƘŜǎŜ ŦƻǊŎŜǎ ǳǎǳŀƭƭȅ ŎǊŜŀǘŜ άMomentsέ ǘƘŀǘ ŀŎǘ ƻƴ ǘƘŜ ōƻŀǘΦ

All these forces are acting on a boat at the same time!
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²Ƙŀǘ ƛǎ ŀ άaƻƳŜƴǘέ

DEFINITION

A Force Acting Over a Distance
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/ŀƭŎǳƭŀǘƛƴƎ ŀ άaƻƳŜƴǘέ

Force1

Force2

distance1 distance2

Moment1 = Force1 x distance1
Moment2 = ?

MOMENT = FORCE X DISTANCE
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Force2 x distance2

¢ƘŜ ǳƴƛǘ ƻŦ ƳŜŀǎǳǊŜƳŜƴǘ ŦƻǊ aƻƳŜƴǘǎ ƛǎ ǘƘŜ άbŜǿǘƻƴ-aŜǘŜǊέ



²ƘŀǘΩǎ ŀ άaƻƳŜƴǘέ

Balance happens when the moments
are EQUAL
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EQUAL FORCES

What are the moments?

MOMENT = FORCE X DISTANCE

60 kg*

1 meter 1 meter

60 kg*
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EQUAL MOMENTS

60 kg* 30 kg*

1 meter 2 meters

What are the moments?

MOMENT = FORCE X DISTANCE
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UNEQUAL MOMENTS

What happens now?It Rotates!

60 kg* 30 kg*

1 meter 1 meter
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1 meter 2 meters

Force = 600 Nt Force = 300 Nt

What are the moments?

60 kg

FLEXIBLE BODY

30 kg
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²ƘŜǊŜ 5ƻ ¸ƻǳ CƛƴŘ άaƻƳŜƴǘǎέΚ

ωSome Places Where Moments are at work:
VBoats
o See ςSaw
o Swing Set
o Lever
o Airplanes
o You and Me
o This Building

Almost anywhere a force is at work!
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Moments on a Boat
(Stability)
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What Does It Mean To Be Stable?

Stability is the tendency 
of an object to return to 
its original stateafter it is 

slightly moved.
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Boats in 3D!

.ƛǊŘΩǎ 9ȅŜ ±ƛŜǿ

Yaw Axis

Pitch Axis Roll Axis

Right Side View Front View

What Forces might 
be at work in each 
of these axes?
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Waves
(S)

Wind
(W)

Gravity force on 
Keel

Buoyancy force 
on Boat

Keel

Weight of keel 
righting the 

boat
(G)

Wind force 
tipping boat
(W)

Depthof keel Heightof mast

Wave force 
tipping boat

(S) 

Buoyancy force 
righting the 

boat
(A) 

The Keel Balances Roll Forces on a Boat
1
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Ballast Stones ςRoll

ωBallast is dead weight

added in the bottom 

of the boat hull.

ωBallastcan be used in 

sailboats in place of a 

heavy keel  to provide 

a moment of force to 

resist the overturning 

ROLL forces from the 

sail.
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¦ǎƛƴƎ ¢ƘŜ {ŀƛƭƻǊΩǎ 
Body As An 
Additional 

Counterweight for 
ROLL stability!
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Heavy

Ballast ςWorks for Pitch, Too!

ωWind and waves can 

cause the bow of a 

boat to dive into the 

water

ωBallast can also be 

used to tune the 

motion of the boat in 

the PITCHaxis.
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Effects of Ballast Placement ςPitch

Ballast

Wind

Ballast

Wind

Ballast

Wind

Weight

Wind

Ballast

Ballast

Wind

With NO Wind

With Wind Blowing

Ballast

Wind
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Ballast
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Rudder ςDirectional Control (Yaw)

ω In basic form, a rudderis a 
flat sheet of material 
attached withhingesto the 
craft's stern, tail or aft end

ωA rudder operates by 
redirecting the water past 
the hull, thus imparting a 
turning moment to the 
craft

Modern ship rudder
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Rudder ςDirectional Control
(Cont')

The rudder steers the boat 

Rudder Keel

Without a rudder a sail boat will not move 
in a straight line!
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Rudder ςDirection (Yaw)

Turning Forces
From Wind & Waves

Rudder Force
to Stop Turn

Distance
to Rudder

Distance
to Sail

Wind

Water Flow
Around Boat

Ocean Waves

.ƛǊŘΩǎ 9ȅŜ ±ƛŜǿ
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Capturing the Wind Force

An Old Square 
Rigger

A Modern Sailing 
Yacht

A Modern 
Catamaran
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