
Physics 1C
Lecture 12A

Chapter in book
Typically more than

One lecture per chapter

Pdf of Lectures are available on web,
so you can download ahead of time.



Information (I)
3 lectures per week, Mo/We/Fri 4-4:50pm

… except for the 4 quizzes which are during normal
lecture time on:

Monday April 11th

Friday April 22nd

Monday May 9th

Friday May 20th

One session where TA discusses HW

Thursday 3-6pm (location as yet unknown)



Information (II)

• There is a web site with:

• Lectures available before class

• Suggested optional Homework

• Grades for quizzes

• Contact info for fkw and Nick Keller (TA)



What else do you want to
know?



Mass on a Spring
Let’s say we have a mass hanging from a
spring.

What would a force diagram look like for the
mass in this situation?

mass
Fgravity, Earth on mass

Fpull, spring on mass 
ΣFy = 0 

ay = 0

 The spring pulls up on the mass -> net force is
zero -> no acceleration -> static equilibrium.



Mass on a Spring

But what would happen if we added another
mass to the bottom of the system?

The spring stretches further

We have added more force of gravity and the
spring added more force by displacing it more
from its equilibrium position.

If we measured displacement vs mass
attached, we’d find a linear relationship.



Mass on a Spring
This pull force from the spring (also known as
a restoring force, Fspring) will resist either a
compression or a stretching.

In general, each spring will have a different
resistance to a certain displacement.

Hooke’s Law gives the value of restoring
force as a function of displacement:

where k is a constant of proportionality, the
spring constant (units of k are [N/m]).



Mass on a Spring
Let’s define a few useful terms to describe

motion around equilibrium position:

 Amplitude, A, is the maximum displacement of
the object from the equilibrium position.

 Period, T, is the time that it takes for the
object to complete one entire cycle of motion.

 Frequency, f, is the number of cycles per unit
of time (measured in Hz = 1 cycle/sec).

 

f = 1
T



Mass on a Spring

Call point a, the
point where you
release the mass
from a stretched
spring system.

 Let’s examine the motion of the mass-spring system on a
horizontal frictionless surface.

 Define a coordinate system:

 choose equilibrium of the system as x=0.

 choose to the right as the +x direction (stretching is positive):

 What is the position, velocity, and
acceleration of the mass at point a? Point a



Mass on a Spring
 Since it is at its farthest point from

equilibrium, we say that:   xa = xmax = A

 Since it hasn’t yet started moving:  va = 0

 It is at its greatest acceleration: aa = -amax

 As the mass moves toward equilibrium what
happens to these values?

 The position, x, decreases.

 The velocity, v, increases in magnitude.

 The acceleration, a, approaches zero.



Mass on a Spring
 We can then examine this motion by plotting the

points on a graph.
 Looking at the position versus time graph:

a
b

c

d
a

 This curve resembles a cosine graph.
 We can say that the position of the mass at any

given instant of time can be calculated as:

 

x = Acos(Bt) where B is a constant



Mass on a Spring
 Next, looking at the velocity vs. time graph:

 This resembles a negative sine graph.
 We can say that the velocity of the mass at any

given instant of time will resemble:

a

b
c

d

a

 

v = !Dsin(Bt) where D is a constant



Mass on a Spring
 Finally, looking at the acceleration vs. time graph:

 This resembles a negative cosine graph.
 We can say that the acceleration of the mass at

any given instant of time will resemble:

where E is a constant

a

b

c

d

a

 

a = !E cos(Bt)



Simple Harmonic Motion

2) The object will remain at its equilibrium
position (x = 0) when it is at rest (v = 0) there.

3) The object will oscillate on either side of
equilibrium.

 Since this mass-spring system undergoes
sinusoidal motion, we refer to it as a Simple
Harmonic Motion system (SHM).
 For all SHM systems:
 1) The net force at all points of its motion obeys

Hooke’s Law:

  

 

! 
F ! =
! 
F restoring = " constant( ) displacement( )



SHM: Mathematical Model
Let’s model the block as a particle attached to
an idealized massless spring.

The force on this particle is described by
Hooke’s law. Applying  Newton’s second law gives
us:

 Recall that, by definition, a = dv/dt = d2x/dt2



SHM: Mathematical Model
We can express                   as:

 For simplicity, we denote

 This gives us a second-order differential equation
for the particle position x(t) as a function of time:
d2x/dt2 = −ω2x
 The following cosine function is a solution to this

equation:               x(t) = A cos (ωt + φ)



SHM: Mathematical Model
A, ω, φ are all constants

A is the amplitude of the motion

φ is the initial phase angle (phase constant)

ω is called the angular frequency (units rad/s)

x(t) = A cos (ωt + φ)



SHM: Mathematical Model
A and φ are determined uniquely by the position and
velocity of the particle at t = 0

If the particle is at x = A at t = 0, then φ = 0

(ωt + φ) is called the phase of the motion

x (t) is periodic and its value is the same each time ωt
increases by 2π radians

x(t) = A cos (ωt + φ)



SHM: Mathematical Model
The period, T, is the time interval required for the
particle to go through one full cycle of its motion:

The inverse of the period is the frequency:

f is measured in cycles
per second

1 cycle/sec = 1 Hz



SHM: Mathematical Model
The angular frequency, frequency, and period are
related as:

The period and frequency can also be expressed as:

The frequency and the period depend only on the mass
of the particle and the force constant of the spring

They do not depend on the parameters of motion

f is larger for a stiffer spring (large values of k) and
decreases with increasing mass m



SHM: Mathematical Model
Equations of motion for SHM:

Remember, simple harmonic motion is not uniformly
accelerated motion



SHM: Mathematical Model
The maximum values of velocity and acceleration for an
object in SHM:

The velocity is 90o out of
phase with the
displacement and the
acceleration is 180o out of
phase with the
displacement



For Next Time (FNT)

Read Chapter 12

Start working on the homework for
Chapter 12


