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Problem 1

Joe places a block of mass m = 4.0 kg onto a frictionless floor. He attaches it to two identical
springs, each of force constant k = 16 N/m, so that it sits motionless at equilibrium as shown.
Joe pulls the block a distance d = 8 cm to the left, holds it motionless, and then at t = 0, he

releases the block.

a. Just after Joe releases the block, what is the force of the springs on the mass?
b. The block begins to slide back and forth due to the springs. What is the period of motion?

c. What is the maximum speed of the block?
d. Write an equation for the position of the block as a function of time. Provide numerical

values, with units, for all coefficients and parameters in the equation.
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Problem 2

The graph above shows the position of a ball attached to a spring as a function of time.

a. Write the GENERAL equation for the position of the ball as a function of time in this
situation. Use symbols, without numbers.

b. Write the SPECIFIC equation for the position of the ball as a function of time, using
information shown in the graph. Include numbers with units for all parameters and
constants.

c. The force constant of the spring is k = 27 N/m. Estimate the mass of the ball; your answer
doesn't need to be exact.

d. Is this a high-Q or low-Q system? Justify your answer.
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Problem 3

( Joe attaches a wooden plank of m = 4.000 kg to a spring of force constant k = 15.00 kg. He
allows it to come to rest, then stretches it exactly Ag = 100.0 cm from its equilibrium position.
At time t = 0 s, he releases it, and it starts to oscillate up and down. However, air resistance
quickly damps the motion, and at time t = 10.00 s, the amplitude of motion has shrunk to just
A =13.53 cm.

a. What is the natural frequency of this system?

b. What is the resistive coefficient b of this system?

¢. During those ten seconds, exactly how many cycles of oscillation did the plank make?
Express your answer to three decimal places.

Fred now attaches a circular motor to the spring, which exerts a small force in a periodic
manner: F = 5.000 N * sin(wgqg t)

d. If Fred sets the driving frequency to wq = 1.000 rad/s, what will the be the steady-state
amplitude of the plank's motion?

8) W ﬁ-’- \l*%b red i(

b} Note bk w 1= (O s, am?\(we 0C MUhOh c\\ru{)ﬁ‘&o ‘?0-23 - 0135
( Sadhis 0L & stignal | Sp nd’s fwe b onstonks

see

neke
\..elw\r LT =1pbe0os > T :-50s

~ . B m 2 H@\“ﬂ _ %
but e v \O""{j_’ (g,pocs _[@,co—?

k b'l i Wt.ac
) - w e T Aam = LI 291 500
O s

i | —_ & 3,089 ad
gb ' &O e, * o deg = :\3.0“:: wcles 9 : J
)Y 3167 5 y 1 0.

+-

A\ - Fome [ 5N/ 4 kg
- : 0 - m NS &L’?)‘}.(/L%?
e e - i) ST

\\/ {}A:@%‘m Neke A= 2.59 m iF usc
¥ a WA = 1,426 /s




\O) Ancther ey b ‘QMA/ dme Lonstant T
AO('\ "‘Ow = |00 em _ A —of
Ai({:'-‘-lD\: (5% em = Aoe, [D/rzv

Dwide e dwo &m‘)(r’&uiﬂs
(o/q_,
A, |7) 53 am Ké o/

_—A—; - IOD < K 'OIT = e
S

— _lo/,t, ~
- = 0.1253

I (e o = |n (o 1556\
- ‘O/'z_‘,’ = (m(od?ﬁ&\

| O o
- ""'/,_.--——-" - B
{6e M(o.njsa) — ,ﬂ




2 -

1 ] L 1 1 L] 1 1 1 [l L

-1 0123 456 7 8 910111213 14151617 181920 21
time (s)

| Problem 4

The graph above shows a periodic function of time.

a. What is the period of this function? '
b. Write an equation which could be used to compute the Fourler coefficient Ag. Do not

evaluate the equation yet.
c. Evaluate the equation to compute the value of Ag.

d. Write an equation which could be used to compute the Fourier coefficient Aj. Do not

evaluate the equation yet.
e. Evaluate the equation to compute the value of Aj.
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