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Molecular Model of Gases and Liquids
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Volume

▪ An important parameter 
of a macroscopic 
system is its volume V. 

▪ The S.I. unit of volume 
is m3. 

▪ Some unit conversions:

1 m3 = 1000 L 
   1 L = 1000 cm3 

 1 m3 = 106 cm3
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Density

▪ The ratio of an object’s or material’s mass to its 
volume is called the mass density, or 
sometimes simply “the density.”

▪ The SI units of mass density are kg/m3.
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A piece of glass is broken 
into two pieces of different 
size. How do their densities 
compare? 

A.   ρ1 > ρ3 > ρ2 
B.   ρ1 = ρ3 = ρ2 
C.   ρ1 < ρ3 < ρ2

QuickCheck 14.1 
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Densities of Various Fluids 
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▪ There are two contributions to the pressure in a 
container of fluid:

1. A gravitational 
contribution, due to 
gravity pulling down on 
the liquid or gas. 

2. A thermal contribution, 
due to the collisions of 
freely moving gas 
molecules within the 
walls, which depends 
on gas temperature.

Pressure
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Liquids in Hydrostatic Equilibrium

▪ No! 
▪ A connected liquid in hydrostatic equilibrium rises to 

the same height in all open regions of the container.
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What can you say about 
the pressures at points  
1 and 2? 

A.   p1 > p2 
B.   p1 = p2 

C.   p1 < p2

QuickCheck 14.2 
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An iceberg floats in a 
shallow sea. What can 
you say about the 
pressures at points  
1 and 2? 

A.   p1 > p2 
B.   p1 = p2 

C.   p1 < p2

QuickCheck 14.3 
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What can you say about 
the pressures at points  
1, 2, and 3? 

A.    p1 = p2 = p3 
B.    p1 = p2 > p3 
C.     p3 > p1 = p2 
D.     p3 > p1 > p2 
E.     p1 = p3 > p2

QuickCheck 14.4 
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Buoyancy

▪ Consider a cylinder 
submerged in a liquid. 

▪ The pressure in the liquid 
increases with depth. 

▪ Both cylinder ends have 
equal area, so Fup > Fdown 

▪ The pressure in the liquid 
exerts a net upward force 
on the cylinder: 

 Fnet = Fup – Fdown 

▪ This is the buoyant force.
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▪ The buoyant force on an object is the same as the 
buoyant force on the fluid it displaces.

Buoyancy
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▪ When an object (or portion of an object) is immersed in 
a fluid, it displaces fluid. 

▪ The displaced fluid’s volume equals the volume of the 
portion of the object that is immersed in the fluid.

▪ Suppose the fluid has density ρf and the object displaces 
volume Vf of fluid. 

▪ Archimedes’ principle in equation form is

Buoyancy
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A heavy lead block and a light aluminum block of 
equal sizes are both submerged in water. Upon 
which is the buoyant force greater? 

A.  On the lead block 
B.  On the aluminum block 
C.  They both experience the same buoyant force.

QuickCheck 14.5 
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A Floating Object

▪ The volume of fluid displaced 
by a floating object of uniform 
density is:

▪ The volume of the displaced 
fluid is less than the volume 
of the uniform-density object:
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▪ Most icebergs break off 
glaciers and are fresh-
water ice with a density of 
917 kg/m3. 

▪ The density of seawater is 
1030 kg/m3:

▪ About 90% of the volume 
of an iceberg is 
underwater!

A Floating Object
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Which floating block is most 
dense? 

A. Block a 
B. Block b 
C. Block c 
D. Blocks a and b are tied. 
E. Blocks b and c are tied.

QuickCheck 14.7 
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Blocks a, b, and c are all the 
same size. Which experiences 
the largest buoyant force?

A. Block a 
B. Block b 
C. Block c 
D. All have the same  

buoyant force. 
E. Blocks a and c have the 

same buoyant force, but 
the buoyant force on block 
b is different.

QuickCheck 14.8 
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▪ The ideal-fluid model provides a good description 
of fluid flow in many situations. 

▪ This model consists of three assumptions:
1. The fluid is incompressible; it is more like a 

liquid than a gas. 
2. The fluid is nonviscous; it is more like water 

than syrup. 
3. The flow is steady; it is more like laminar flow 

than turbulent flow.

Fluid Dynamics
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▪ Comparing two points in a flow tube of cross section A1 
and A2, we may use the equation of continuity:

 where v1 and v2 are the fluid speeds at the two points.  

▪ This is because the volume flow rate Q, in m3/s, is 
constant:

Fluid Dynamics
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Water flows from left to right 
through this pipe. What can 
you say about the speed of 
the water at points 1 and 2? 

A.   v1 > v2 
B.   v1 = v2 

C.   v1 < v2

QuickCheck 14.9
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Bernoulli’s Equation
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▪ The energy equation for fluid in a flow tube is

▪ An alternative form of Bernoulli’s equation is

Bernoulli’s Equation
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Gas flows from left to right through 
this pipe, whose interior is hidden.  
At which point does the pipe have 
the smallest inner diameter? 

A. Point a 
B. Point b 
C. Point c 
D. The diameter doesn’t change. 
E. Not enough information to tell.

QuickCheck 14.10
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Chapter 15 Preview
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Chapter 15 Preview
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Oscillatory Motion

▪ Objects that undergo a 
repetitive motion back and 
forth around an equilibrium 
position are called 
oscillators. 

▪ The time to complete one full 
cycle, or one oscillation, is 
called the period T.

1 Hz = 1 cycle per second = 1 s–1

▪ The number of cycles per second is called the frequency 
f, measured in Hz:
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Simple Harmonic Motion

▪ A particular kind of oscillatory 
motion is simple harmonic 
motion. 

▪ In the figure an air-track glider 
is attached to a spring. 

▪ The glider’s position 
measured 20 times every 
second. 

▪ The object’s maximum 
displacement from equilibrium 
is called the amplitude A of 
the motion.
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QuickCheck 15.1 

D.   A and B but not C. 
E.   None are.

Which oscillation (or oscillations) is SHM?
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Simple Harmonic Motion

▪ The top image shows position 
versus time for an object 
undergoing simple harmonic 
motion. 

▪ The bottom image shows the 
velocity versus time graph for the  
same object. 

▪ The velocity is zero at the times 
when x = ± A; these are the 
turning points of the motion. 

▪ The maximum speed vmax is 
reached at the times when x = 0.
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Simple Harmonic Motion

▪ If the object is released from rest at time t = 0, we can 
model the motion with the cosine function:

▪ Cosine is a sinusoidal function.  
▪ ω is called the angular frequency, defined as  

ω = 2π/T 
▪ The units of ω are rad/s: 

ω = 2πf
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Simple Harmonic Motion

▪ The maximum speed is  
vmax = ωA

▪ The position of the oscillator is

▪ Using the derivative of the position function, we find the 
velocity:
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Energy in Simple Harmonic Motion

▪ An object of mass m on a 
frictionless horizontal surface  
is attached to one end of a 
spring of spring constant k. 

▪ The other end of the spring  
is attached to a fixed wall. 

▪ As the object oscillates,  
the energy is transformed 
between kinetic energy and 
potential energy, but the 
mechanical energy E = K + U 
doesn’t change.
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Energy in Simple Harmonic Motion

▪ Energy is conserved in 
Simple Harmonic Motion:
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Frequency of Simple Harmonic Motion 

▪ In SHM, when K is maximum, U = 0, and when U is 
maximum, K = 0. 

▪ K + U is constant, so Kmax = Umax:

▪ Earlier, using kinematics, we found that

▪ So

▪ So
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The Simple Pendulum

▪ Consider a mass m attached to a 
string of length L which is free to 
swing back and forth.   

▪ If it is displaced from its lowest 
position by an angle θ, Newton’s 
second law for the tangential 
component of gravity, parallel  
to the motion, is

41



© 2017 Pearson Education, Inc.

The Simple Pendulum

▪ If we restrict the pendulum’s oscillations to small 
angles (< 10º), then we may use the small angle 
approximation sin θ ≈ θ, where θ is measured in 
radians.  

and the angular frequency of the motion is found to be
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