8.01T Problem Set 4 Solutions Fall 2004

Problem 1. Rotational Kinematics.

a) In 2004, the period of rotation is T = 86164 s. Thus the angular velocity

1S 2
wp = X 71070 57
E

The radius of the circle of rotation of the person at MIT is
r= Rgcosf ~ 4.7110° m.

Hence the linear velocity is
2
v =wgr = —WRE cosf =~ 343.7m/s
Tr

and the centripetal acceleration is

a = wyr = 0.025m/s>.

b) The average angular deceleration is

dvg\ Awp 2T (Tooos — Thons) ~ 2m
dt /| At ThoouThgau At 2004 s T34 At

(T2004 - T1924)

where Togos and Tgo4 refer to the period of the Earth’s rotation in 2004 in
1924 and At = 80 years. Substituting numbers, we obtain

dwp 929 2
——Y=~910
(%) = o=

Problem 2. Second Law Applications.

a) The force diagram is shown on Fig. 1.

b) Using the coordinate system shown on Fig. 1, we get

r:  Tysin® + Tysin6 = ma, = mw?lsin 6

y: Ticosf —Thcos —mg =0,
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Figure 1: Force diagram for Problem 2
where 0 = 45° and sinf = cosf = 1/\/5 Thus

T = %m <w2l + \/§g>
T, = %m (wzl — \/§g>

Problem 3. Static Equilibrium.

When the beam is in equilibrium, the sum of all forces and the sum of all
torques should be zero. Considering the torque about the pivot (see Fig. 2)
and introducing the coordinate system with y pointing up and = pointing to
the right, we have:

r: F,—Tcos¢p=0
y: Fy+Tsing —mg=0

and

[
torque: mgi cos) —Thcosp =0
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Figure 2: Beam supported by a cable

where 7" is the tension in rope, F, and F} denote z and y component of F
and we introduced two additional parameters — the height h of the point
where the rope is connected to the pole and angle ¢ (see Fig. 2).

To solve the above equations, we note that the torque equation gives

- LCOSQ
Ton cos ¢

T =
thus

[
F, = Mgy €08 6

l
F,=mg — mgoy cos f tan ¢.

From the geometry of the problem

h—2/31sin6

t pumy
an ¢ 2/31cost

Thus

1
F, =mg (Z + %sinﬁ)
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Thus the magnitude of the force is

F=\[F?+F2= mg\/

and is increased when 6 is increased.

42

Problem 4. Experiment 4 Data Analysis.

We use the following data:

41
—+—Sln0

T Tum w AX | My rmw?
00 4.8cm 0s~! 0m ON
0.095s | 6.0cm | 66.1s71|0.012m | 244N
0.074s | 7.2¢m | 84.9s7110.024m | 4.83N
0.060s | 10.3cm | 105571 | 0.055m | 10.5N

a) Our fit gave A = 4.7 c¢m, which is close (within the measurement error)
to rg = 4.8 cm.

b) We get a better fit when A is an adjustable parameter (root mean square
error is 0 = 0.07 ¢m vs 0 = 0.14 em when it is not adjustable — see Fig. 3).
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Figure 3: The one and two-parameter fits. Left: two-parameter fit. A =
4.7em, w. = 143571, RMSE is 0.07cm. Right: one-parameter fit, w, =
144 s~ RMSE is 0.14 cm.

1. On the other hand, \/k/m =

¢) The one-parameter fit gives w. = 144 s~
142 571,
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d) The root mean square error of our fit, o = 0.07 cm, is of the order of the
measurement error, which is about 1 mm.



