
14-6  The Equation of Continuity 

l  Motion of real fluids is complicated and poorly 
understood (e.g., turbulence) 

l  We discuss motion of an ideal fluid 
1.  Steady flow: Laminar flow, the velocity of the moving 
fluid at any fixed point does not change with time 

2.  Incompressible flow: The ideal fluid density has a 
constant, uniform value 

3.  Nonviscous flow: Viscosity is, roughly, resistance to 
flow, fluid analog of friction. No resistive force here 

4.  Irrotational flow: May flow in a circle, but a dust grain 
suspended in the fluid will not rotate about com 
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14-6  The Equation of Continuity 

l  Visualize fluid flow by adding a tracer  

l  Each bit of tracer (see figure 14-13) follows a 
streamline 

l  A streamline is the path a tiny element of fluid follows 

l  Velocity is tangent to streamlines, so they can never 
intersect (then 1 point would experience 2 velocities) 

 
 
 

 

 

 

 

 

Figure 14-13 
Figure 14-14 ©	2014	John	Wiley	&	Sons,	Inc.	All	rights	reserved.	

14-6  The Equation of Continuity 



14-7  Bernoulli's Equation 

l  Figure 14-19 represents a tube 
through which an ideal fluid flows 

l  Applying the conservation of 
energy to the equal volumes of 
input and output fluid: 
 
 
 

l  The ½ρv2 term is called the fluid's 
kinetic energy density 

 

 
 
 

 

 

 

 

 

Eq. (14-28) 

Figure 14-19 
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14-7  Bernoulli's Equation 

l  Equivalent to Eq. 14-28, we can write: 
 
 

l  These are both forms of Bernoulli's Equation 
l  Applying this for a fluid at rest we find Eq. 14-7 

l  Applying this for flow through a horizontal pipe: 

 

 
 
 

 

 

 

 

 

Eq. (14-29) 

Eq. (14-30) 
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14-7  Bernoulli's Equation 

Answer: (a)   all the same volume flow rate  
           (b)   1, 2 & 3, 4 
           (c)    4, 3, 2, 1 
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Density 
 

 

 

 

  

Fluid Pressure 
l  A substance that can flow 

l  Can exert a force 
perpendicular to its surface 

 

 

14     Summary 

Eq. (14-8) 

Eq. (14-4) 

Pressure Variation with 
Height and Depth 
 

 

 

 

  

Eq. (14-2) 

Pascal's Principle 
l  A change in pressure applied 

to an enclosed fluid is 
transmitted undiminished to 
every portion of the fluid and 
to the walls of the containing 
vessel 
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Archimedes' Principle 
 

 

Flow of Ideal Fluids 
 

 
 

14     Summary 

Bernoulli's Equation 
 

 Eq. (14-29) 

Eq. (14-16) 

Eq. (14-19) 

Eq. (14-24) 

Eq. (14-25) 
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Oscillations 

Chapter 15 
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15-1  Simple Harmonic Motion 

l  The frequency of an oscillation is the number of times 
per second that it completes a full oscillation (cycle) 

l  Unit of hertz: 1 Hz = 1 oscillation per second 

l  The time in seconds for one full cycle is the period  
 
 

l  Any motion that repeats regularly is called periodic 

l  Simple harmonic motion is periodic motion that is a 
sinusoidal function of time 

 
 

 

 
 

 

Eq. (15-2) 

Eq. (15-3) 
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15-1  Simple Harmonic Motion 

l  The value written xm is how far the particle moves in 
either direction: the amplitude 

l  The argument of the cosine is the phase 
l  The constant φ is called the phase angle or phase 

constant 

l  It adjusts for the initial conditions of  
motion at t = 0 

l  The angular frequency is written ω 
 

 
 

 

 
 

 

Figure 15-3 
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15-1  Simple Harmonic Motion 

l  The angular frequency has the value: 
 
 
 

 
 

 
 

 

 
 

 

Eq. (15-5)18 

Figure 15-5 
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15-1  Simple Harmonic Motion 

l  We can apply Newton's second law 
 
 

l  Relating this to Hooke's law we see the similarity 
 
 

l  Linear simple harmonic oscillation (F is proportional 
to x to the first power) gives: 

 
 

 
 

 

 
 

 

Eq. (15-9)18 

Eq. (15-12)18 

Eq. (15-13)18 
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15-2  Energy in Simple Harmonic Motion 

15.19  For a spring-block 
oscillator, calculate the 
kinetic energy and elastic 
potential energy at any given 
time. 

15.20  Apply the conservation 
of energy to relate the total 
energy of a spring-block 
oscillator at one instant to 
the total energy at another 
instant. 

 

15.21  Sketch a graph of the 
kinetic energy, potential 
energy, and total energy of a 
spring-block oscillator, first 
as a function of time and 
then as a function of the 
oscillator's position. 

15.22  For a spring-block 
oscillator, determine the 
block's position when the 
total energy is entirely kinetic 
energy and when it is 
entirely potential energy. 

 

Learning Objectives 
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15-2  Energy in Simple Harmonic Motion 

l  Write the functions for kinetic and potential energy: 
 
 
 
 
 

l  Their sum is defined by: 

 
 

 
 

 

 
 

 

Eq. (15-18)18 

Eq. (15-21)18 

Eq. (15-20)18 

Figure 15-8 
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