PHYSICS 1B
FIRST MIDTERM

Fall, 2008 Dr, Coroniti

There are 100 points on the exam, and you have 50 minutes. To receive full credit,
show all your work and reasoning. No credit will be given for answers that simply
“appear”. The exam is closed book and closed notes. You do not need calculators, so
please put them away. If you need extra space, use the backside of the page.
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1. A massless spring with stiffness constant ks = 27" N/m is attached to a block
with a mass of m = 3 kg. The block slides without friction on a horizontal
surface. At time t=0, the block is observed to be momentarily at rest at a
distance of 0.5 m from its equilibrium position x=0.
(5) a. What is the oscillation period of the
mass about its equilibrium position?
(5) b. What is the position x (tf) of the mass
for t>07 /’
(5) ¢. What is the magnitude of the block’s 2
maximum acceleration? / _
(5) d. Now suppose that the block started at '~ : -
the equilibrium position at t = 0 with *'_ "
an initial speed vo moving to the right.
For what value of vp will the mass reach
the same maximum amplitude as above?
(5) ¢. For each of the above initial conditions,
what is the total mechanical energy of

the system?
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2. A pendulum with a massless rod of !ength L and bob mass M is suspended under
gravity (acceleration = g). A massless spring with stiffness constant kg is attached to
M as shown. When the mass hangs vertically, the spring exerts no force on M: ie.,

x = 0 is the system’s equilibrium position. The mass is displaced slightly from x =0
by a small distance x such that x/L << 1 and sin ® = 0; thus, the motion of the mass
is essentially only in the x-direction.

(6 ) a. Find the equation of motion for M c2 6% ;4
that describes the small oscillations -
of x(t) about the equilibrium position.
[Recall: torquet = rxF;la = 1]

(9) b. Show that M will oscillate about x = 0
with the angular frequency

W\

a = [ks/™ + g/L]"

h S SR PR Y

(10) c. The spring is removed, and is replaced
by a motor located a distance L below
the pivot point P and attached to the rod
as shown. The motor exerts a driving force
F(t) = Fp cos(wt) on the rod in the x-direction.
Assuming that 0 stays small (cos 6 = 1), show
that the steady solution for x(t) is given by

L
x(t) = FEo /M cos(mt) L
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3. A very long string with an uniform mass per unit length p is stretched in the
horizontal x-direction with an equilibrium tension Ty . At the origin x = 0, the string
is continuously displaced in the vertical y-direction by a source (a motor) so that
y(0,t') = A sin(ot ) as shown for some particular time t . Neglect gravity.

(5) a. Write (do not derive) the equation that y
describes the displacement of the string 1
y (x, t) about its equilibrium position x
at time t, and identify the speed at which y(0, 1)
dlsturbancw travel along the string.

(10) b. Find the displacement y(x, t) for both
X >0 andfor x < 0.

(10) c. Calculate the time-averaged total power
that the source must supply in order to
maintain the traveling waves. [Caution: the
local power is a signed quantity signifying
the direction in which energy flows. The
total power is just the magnitude.]
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4. A water well extends from the surface (x = 0) to a depth L as shown. If the speed of
sound in air Cs is known, the depth of the well can be determined by exciting the
waves that stand in the well (the normal modes), and then measuring the frequency
difference Av (in Hertz) between two successive harmonics ( harmonic n+1 and n).

(4) a. If the longitudinal displacement of the

air from its equilibrium position is y(x, t), and Suctace

the pressure perturbation of the air from the X=0
equilibrium pressure Py is 8P(x, 1), state

(do not derive) the general equation that

determines y(x, t) and 8P(x, t) for sound

waves.

(5) b. State and physically explain the boundary

conditions that both y(x, t) and 8P(x, t)
must satisfy at x = 0 (open end) and at

x = L (closed end, assuming that the sound
waves are totally reflected by the water at
the bottom of the well). .

(12) c. Find the solutions for y(x, t) and 8P(x, t), and X 2L
find the wave numbers k, and the angular Water
frequencies ®, for the sound waves that
stand in the well. [Recall that 8P = - dy /ox Wet)
where f is the bulk modulus.]

(4) d. If the speed of sound is Cs = 400 m/s, and the
frequency difference is Av = 50 Hertz, how
deep is the well?
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