
Physics 351 — Monday, February 5, 2018
I HW3 due Friday. You finished reading ch7 for today.
I Tomorrow, Feb 6, undergrad groups WiP and SPS can meet

with Musk Public Lecture speaker, Dr. Jim Gates, for an
informal lunch: Tue 1:30pm–2:30pm in DRL 4N12.

I Public lecture Tue 5pm, Meyerson B1: “Will Evolution and
Information Theory Provide the Fundamentals of Physics?”

I Gates was awarded the National Medal of Science from
President Barack Obama in 2013. His work has produced first
introductions of concepts in physics including the complete
extension of Einstein’s geometrical concepts to the theory of
supergravity, genuine four-dimensional string theory based on
Standard Model concepts, maximal SUSY Chern-Simons
theories, and more. His co-authored book, Superspace, or One
Thousand and One Lessons in Supersymmetry, is the first
published comprehensive book on supersymmetry.

I Dr. Sylvester James Gates, Jr., is currently Ford Foundation
Professor of Physics at Brown University.



Note: in problems like this, if you find a clever way to evaluate the
kinetic energy, you can save yourself a huge amount of algebra.





One problem from HW1 (Q10) illustrated an interesting idea that
reappears this week on HW3 (Q10): work done against (or by) the
centripetal force of an object in circular motion of changing radius.

Crucial hint: the two coupled EOM can’t be solved analytically.
Use NDSolveValue then FindMinimum in Mathematica.



I defined µ = m/M , let r0 = 1, then let eq1 and eq2 be the EOM
for r̈ and θ̈ respectively, in terms of µ. Then NDSolveValue to
numerically solve for r(t) and θ(t), then FindMinimum (with a
starting point of t ≈ 0.01) to find r (which is same r/r0, since
r0 = 1) at its turn-around point. It’s also fun to graph r(t).



Here’s my graph of r/r0 (at turnaround point) vs. m/M (with
axis scales censored).



Checking that rmin/r0 = 0.208 for m/M = 1/10



Graphing r(t) and 1
2πθ(t) for the m/M = 1/10 case



Non-linear behavior is evident at large amplitude!!



Here was HW1/q10, containing a similar idea:



(We’re not going to go through this again! But here it is.)



(You can look at this if you’re interested, but we’re not going to go
through it. I just thought it was interesting to notice that the
change in K.E. of the mass-on-string equals the work done by
whatever force is pulling the string beneath the table.) The
relevance for the coffee-cup problem is that as the mass-on-string
gains angular velocity, the tension in the string increases.



This problem will reappear in the text of Taylor’s Ch9 (“mechanics
in non-inertial frames”), so let’s work through it by writing the
Lagrangian w.r.t. an inertial frame.

(7.30) A pendulum is suspended inside a railroad car that is forced
to accelerate at constant acceleration a.

(a) Write down L and find EOM for φ.

(b) Let tanβ ≡ a/g, so g =
√
g2 + a2 cosβ, a =

√
g2 + a2 sinβ.

Simplify using sin(φ+ β) = cosβ sinφ+ sinβ cosφ.

(c) Find equilibrium angle φ0. Use EOM to show φ = φ0 is stable.
Find frequency of small oscillations about φ0.









Next slide shows a handy trick that is helpful when you’re able to
write ~xm = ~xpoint + ~xrelative.
Next-next slide shows how to use Mathematica to eliminate the
drudgery of calculating T .







Next slide shows how to use Mathematica to eliminate the
drudgery of calculating T .





HW3 XC7 is the “three
sticks” generalization of this
problem. Let’s try the “two
sticks” version.

Two massless sticks of length 2r, each with a mass m fixed at its
middle, are hinged at an end. One stands on top of the other. The
bottom end of the lower stick is hinged on the ground. They are
held such that the lower stick is vertical, and the upper one is
tilted at a small angle ε w.r.t. vertical. They are then released. At
the instant after release, what are the angular accelerations of the
two sticks? Work in the approximation where ε� 1.







Now plug in, at t = 0, given conditions θ1 = 0, θ2 = ε, and find
initial angular accelerations θ̈1 and θ̈2.
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