BUOYANCY

Chapter 15: Walker



BRAINSTORM

e Buoyancy in everyday life:

Buoyancy in physics has a much more specific definition



DENSITY

First we need the concept of density

e Density:

o p is the density (“rho”)
o M is the mass
o Vis the volume

e Units: kg/m?3

e e.g. density of water is 1000 kg/m3.



VOLUME OF WATER DISPLACED

e Depends on only the volume of object under
water, not the mass, weight, density, or shape of
the object.

“Eureka”

e Method for measuring volume displaced




BUOYANT FORCE

e Archimedes principle: an object completely or
partially submerged in a fluid is buoyed up by a
buoyant force (B) equal to the weight of the
liquid displaced (W,):

B = Wiq = M9 =

o M, is the mass of the liquid
o pjq IS the density of the liquid
o Vyisp IS the volume of liquid displaced

(the volume of the part of the object that’s under
water)




DISCUSSION: BUOYANT FORCE

e Two blocks with the same volume are dropped into a tank
of water. The blocks are made of different materials. The
first block floats with half the block below the surface of the
water. The second block sinks and remains at the bottom

of the tank.

e How does the buoyant force on block 1 compare to the

buoyant force on block 27?

For floating object, the volume
of fluid displaced is less than the
volume of the object.

2 Bsubmerged > Bﬂoating
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EVIDENCE FOR THE BUOYANT FORCE

A 1 kg block is hung from a What
spring scale 10 N. Predict: if the happens?
block is placed in water the N
reading will
(A) Increase _
(B) Decrease, FBD:
(C) Remain the same \T
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MEASURING BUOYANT FORCE

Use your free-body diagram and Newton’s second law for an
object at rest to write an equation that relates the weight of
the block to the other force or forces. (Hint: What is the net
force acting on each block?)

This equation suggests a procedure for determining the
magnitude of the buoyant force on a completely submerged
object. How do you measure it?



SINK OR FLOAT? USE FBD

Case 1: Suppose an ice cube

is floating in the water as
shown.

Sketch the forces exerted on

the ice cube.

How does the magnitude of
the buoyant force compare
to the weight of the ice
cube?

Bew = Wee
How does the volume of
water displaced compare to
the volume of the object?

Vdisp < Vobj
How does the magnitude of
the buoyant force compare
to the weight of the water
displaced?

Bew = Wye

Compare weight of
object and buoyant force




Use the Phet to compare weight of object and buoyant force

Case 2: an ice cube that is totally submerged
e Draw FBD (write down force values):

e Compare B to weight of object: Bew > Wee
e Compare V of object and of liquid displaced: V., = Vg,
e Compare B to weight of liquid displaced: Bew = Wye

Will it sink or float?

Case 3: cube of iron of the same size that is submerged
e Draw FBD (write down force values):

e Compare B to weight of object: Bow < Wee
e Compare V of object and of liquid displaced: V., = Vy;
e Compare B to weight of liquid displaced: Bew = Wye

Will it sink or float?
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LAB: BUOYANCY

e Volume displaced
e Buoyant force
e Whether an object will sink or float
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