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Lecture 9 — French, Chapter 4

Spring 2016 Semester

Resonance in Nuclear Physics

* A proton accelerated through a potential
difference V gains kinetic energy T = eV/:

|

4

P
Phys. Rev. 75, 246 (1949).

Resonance in Nuclear Physics

* In quantum mechanics, energy and frequency
are proportional:
E =hw
* A given energy corresponds to a driving force
with frequency w.

* When a nucleus resonates at this frequency,
the proton energy is easily absorbed.
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Nuclear Resonance
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* Resonances are the main way we “observe”
fundamental particles.

Forced Harmonic Motion

* In practice, how can we apply such a force to a
mechanical system?

e Example:

Y N




Forced Harmonic Motion
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X(t) = B cos wt

x(t)

* Force acting on the mass:
F = —ky(x(t) = X)) —ky x(t)
= —(kq + ky)x(t) + k, X(¢t)
= —(ky + k)x(t) + k,B cos wt
d%x

Forced Harmonic Motion
¢ Let’s write this in the standard form:
d?x
—(ky + ky)x(t) + kB coswt =m
mx + (kg + ky)x = k,B coswt

. 2 FO
X+ wgx = —coswt
m

where
2 ky + k,
FO = sz

dt?

Forced Harmonic Motion

Fo/m

J(@o2 =) + @y

A




Non-Inertial Reference Frames

An accelerated reference frame is one way to
provide a periodic driving force.

Analyzing mechanical systems in accelerated
reference frames can be very convenient.

An accelerated reference frame is an example
of a non-inertial reference frame.

Let’s analyze the motion of a particle in an
accelerated reference frame...
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Non-Inertial Reference Frame

* Newton’s second law applies to forces and
motion in an inertial reference frame:
e d?x
BT
¢ The force is a real force (eg, Coulomb’s law)
* Aninertial reference frame is one in which
Newton’s second law applies.
— For example, a “stationary” reference frame or one
that moves with constant velocity.
— This is sort of a circular argument but it is still useful.

Non-Inertial Reference Frames

It is frequently very convenient to measure the position of an
object with respect to some moving reference frame.

Example:

— The position of your coffee cup relative to some fixed point on the
dashboard of your car.

— The only real forces are =
gravity and the normal
force which acts in the
vertical direction.

— But your car is not an
inertial reference frame
and Newton’s second law
does not apply!




Non-Inertial Reference Frames

* How do we analyze this problem?

* Express the position of the object in an inertial
reference frame:
x(t) = X(@) + u(t)
—x(t) is the position of the object in the inertial
reference frame
— X(t) is the position of the non-inertial reference
frame, measured in the inertial reference frame

—u(t) is the position of the object in the non-
inertial reference frame.
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Non-Inertial Reference Frames

* Example:
— The non-inertial reference frame is your car.
—u(t) is the position of the coffee cup in your car.
* Letu(t) > 0 be towards the windshield
* Then u(t) < Oisinyourlap... (foreshadowing)

— X(t) is the position of your car measured along
Northwestern Ave, with X(t) = 0 located just
outside the main entrance to the Physics building.

—x(t) is the position of the coffee cup in the inertial

reference frame, but it is difficult to understand
the resulting motion in terms of x(t).

Non-Inertial Reference Frames

* Newton’s second law only applies to x(t):
F d?x
= m-—
dt?
e Write this in terms of X (t) and u(t):
x(t) = X(t) + u(t)
v d?X N d?u
=m—+m—-—
dt? dt?
¢ Write this so that it “looks” like Newton’s second law,
but in the non-inertial reference frame:
v d?X d?u
—m— =m—
dt? dt?




Non-Inertial Reference Frames

d*X d?u
L —me—
dt? dt?
da?x . .
The term (—m ?) looks like a force but it is not a real
force. It is sometimes called a “fictitious” force.

e Example:
— Suppose you accelerate with constant acceleration a in the
+ X direction.
— The only “real” force in the +u direction is the force of
friction acting on the coffee cup.
— The equation of motion for u(t):
d*u

— + = -
ma+pmg =m-—
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Non-Inertial Reference Frames

N d?u

-ma mg =m——

:u g dtz

When ma > umg the net acceleration will be
negative and the coffee cup will land in your lap.

* The coffee cup was not pushed!
— It tried to stay motionless but the car accelerated.

— If the coefficient if friction was large enough, then
the force of static friction would have caused the
coffee cup to accelerate with the car.

(pmg = ma)

Non-Inertial Reference Frames

* Applied to forced harmonic motion:

o

m

X(t) = Bcos wt

x(t)

e x(t) is the position in the non-inertial reference frame
* The only real force is F = —k x(t)

* Equation of motion in the inertial reference frame:

d
F = mE(X(t) + x(t))




Non-inertial Reference Frames

d
F = mF(X(t) +x(t))

F = —kx(t)
X(t) =B coswt
d’X B o .
ez = w* COSw
In the standard form:
. 5 d*x 5 Fy
¥+ wox = ——— = Bw” coswt = —coswt
dt m

where

Fo =mB w?
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Non-inertial Reference Frames

B w?

A=
J(@o - 0?)* + @ry?

Application

2. (French, j-6) lmagine a simple scismograph consisting of a mass A
hung from a spring on a rigid framework attached to the earth, as shown.

The spring force and the damping force depend on the displacement and
velocity relative to the carths surface, but this is not an inertial reference
frame if its surface is moving which would be the case in the event of an
carthquake.

* Letn(t) be the height of the surface of the earth in an inertial

reference frame.

* Then, x(t) = y(t) + n(t) is the height of the mass, in the

inertial reference frame.
mi+bx+kx=—-md?n/dt?.




