Buoyant Force

IB PHYSICS - FORCES
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1 kg of steel or 1 kg of feathers

Which is heavier?



https://youtu.be/-fC2oke5MFg?si=-Xa8ahIdFLW_89OW

& 8
Which object has more density?




_ mass m I
Density = p=— J_ 19
volume IV cm3 L
m=150g
— 3
m=250g V=30cm
V =50 cm3 150g _ 8
\ 30 cm3 cm3
250 g
50 cm3 m=100g
V =20cm?3
100g _ g
20 cm3 cm3




Standard level and higher level

B.1 Thermal energy transfers

L=cAT*

b:L
4rd?

AT =29x10°mK




Wil it Float?

® The density of water is 1.0 g/mL

® The density of a golf ball is 1.15 g/mL e OO

® The density of an apple is 0.97 g/mL

Must have a lower density
than the liquid to float

® The density of liquid mercury is 13.6 g/mL

® The density of a cannon ball is 7.8 g/mL
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Liquid Displacement

-




Archimedes’ Principle

The upward buoyancy force on an object
submerged in a fluid, is equal to the weight
of fluid displaced by the object

m
density=p=7 ) m = pV

l"ﬂ Fp, = F, = mg
displaced
’ - fluid

Fp =pVg




Buoyant Force

Buoyant force is dependent upon the fluid’'s density, displaced volume, and gravity

Fp = pVg
F;,, — buoyant force [N]
p — fluid density [kg m™]
V — displaced volume [m?3]
g — acceleration of gravity [m s]




Physics Data Booklet

A.2 Forces and momentum F < uF,




Changing the Mass

Fy, Fy,

p
“

=

e

het

F F,

Same displaced fluid > Same Buoyant Force (F,)
More mass > More weight (F,)




Changing the Volume

het

F F,

Same mass > Same weight (F,)
Less displaced fluid - Less Buoyant Force (F,)




Changing the Fluid Density

Fy,

het

Fq

Same mass > Same weight (F,)
Lower fluid density - Lower Buoyant Force (F,)




Try This... | #1

A 20 kg sphere with a radius of 0.2 m is held fully submerged in
the middle of a container of olive oil (p = 911 kg m-3). What is
the net force on the sphere the moment that it is released?

4
F, =pVg= (911)(§ x 1 X 0.23)(9.8) 299 N
F, = 299N

F, =mg = (20)(9.8) =196 N

F... =299 —196 = 103 N (up)




Partially Submerged

partially submerged

For an object that floats while I

Fb = Fg "

The object will sink down
until the weight of the
displaced fluid equals the
weight of the object




Try This... | #2

A cube with a side length of 1.2 m
floats in a container of water (density
= 1000 kg m-3) so that 0.8 m is

submerged below the surface. What
is the mass of the buoy? 0.8 m

V = (1.2)(1.2)(0.8) Fp = K,
V =1.15m?3
pVg =mg
(1000)(1.15) =m

m = 1,150 kg




Resting on the Bottom

If an object sinks to the bottom

F, < F,

Resting on the bottom allows the
normal force to make up the
difference so that the object is in
equilibrium

F, + Fy, =F

9




Try This... | #3

A 162 kg cylinder with a base
area of 0.1 m? and height of 0.6
m sinks to the bottom of a
container of glycerol (p = 1126
kg m-3). What is the normal force
from the bottom of the container
acting on the object?

F, =pVg =(1126)(0.1 X 0.6)(9.8)
F, = 662N

0.6m

F, =mg = (162)(9.8) = 1588 N

Fy = 1588 — 662 = 926 N
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