Sample Problem B&[EM Build your skill

The disk in Fig. 10-5a is rorating about its central axis
like a merry-go-round. The angular position &) of &
reference line on the disk is given by

6 = —1.00 — 0.600: + 0.250¢%, (10-9)

with ¢ in seconds, # in radians, and the zero angular posi-
liun as indicated in the lGgure,

fa) Guaph the angular position ol the disk versus time
from t = —3.05 to t = 5.4 s, Sketch the disk and its an-
pular position reference line at f = —2.05, 05, and 4.0 5,
and when the curve crosses Lthe ¢ axis.

plliiieall The angular position of the disk is the

angular position (1) of its reference line, which s given
by Eq. 10-9 as a function of time r. So we graph
Eq. 10-9; the result is shown in Fig, 10-58,

Caleulations: Ta sketeh the disk and its refarence line
at a particular timc, we nocd to determine 0 for that
time, To do so, we subslitute the tme into Eq. 10-9. For
= =205 we gel

6= —1.00 — (0.600)(—2.0) + (0.250)(—2.0)2

(=3

=12rad =12 rad = HY".
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This means that at t = —2.0 8 the reference line on the
disk is rotated counterclockwise from the zero position
by 12 rad = 69 (counterclockwisc because o is posi-
tive). Sketch 1 in Fig, 10-56 shows this position of the
reference line.

Similarly, for + — 0, we find # — —1.00 rad — —57°,
which means that the reference line is rotated clockwise
from the zero angular position by 1.0rad, or 577, as
shown i sketch 3. For ¢ = 4.0 s, we find 8= 060 rad =
34° isketch 3). Drawing skeiches for when the curve
crosses the 1 axis is 2asv. because then & = 0 end the raf-
erence line is momentarily aligned with the zero angu-
lar pusition (skelches 2 and 4),

() At what time fy;, does &) reach the mininium
value shown in Fig, 10-5b"7 What is that minimum value’!

To find the extreme value (here the mini-
mum) of a function, we take the first derivative of the

unction and set the result o cero.

Calculations: The first derivative of M) is
i
dr

Setting this to zero and solving for 1 give us the time a:
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FIG. 10-5 (&) A rotating disk. (p] A plot of the disk’s angular pusitivn 9(¢). Five skelches indicate the angular position of the ref-
erence line on the disk for five points on the curve. (¢) A plot of the disk’s angular velocity «{f). Positive values of w comrespond
to counterclockwise rotation, and negative values to clockwise rotation.

which 0(¢) is minimum:
fon = 1205, [ Answer)

To get the minimum value of 8, we next substitute i,
into Eq. 10-9, finding

§— —1.36rad = —779% [Answer)
This minimum of ) (the bottom of the curve in Fig,
10-5h) corresponds to the marimum clockwise rotation
of the disk from the zero angular position, somewhat
more than is shown in sketch 3.

(c¢) Graph the angular velocity o of the disk wversus
lime (rom (= —3.0% o = 00 Skewch the disk and
indicate the direction of turning and the sign of w at ( =
—2.0s 4.0s,and t,.

From Eq. 10-6, the angular velocity w is
equal to d@/dt as given in Eq. 10-10. So, we have

w = —0.600 + 0.50r. (10-11)
The graph of this function w(f) is shown in Fig 10-3c.

Calculations: To sketch the disk at i = —2.03, we sub-
stitnte that vahie into Fq. 10-11, obtaining

o= =16 radls [ Answer)

The minus sign tells us that at r= 2.0 5, the disk is
turning clockwise (the lowest sketch in Fig. 10-5¢).
Substituting r = 4.0s into Eq. 10-11 gives us

w = 1.4 rad/s. [ Answer)

The implied plus sign tells us that at 1 = 4.0 5, the disk
is turning counterclockwise (the highest sketch in
Fig. 10)-5¢)

For iy, wec alrcady know that d8/dr = 0. So, we
must also have w = 0. That is, the disk momenlarily
stops when the reference line reaches the minimum
valne of # in Fg. 10-3h, =5 supgested by the center
sketch in Fig. 10 5¢

{d) Use the results in parts (a) through (c) to describe
the motion of the disk from¢ = —3.0s1w0¢ = 6.0s

Description: When we first observe the disk at ¢ = —3.0
5, it has a positive angular position and is turning clock-
wise but slowing. It stops at angular position 0= - 1.36
rad and then begins to twrn counterclockwise, with ils an-
gular position eventually becoming positive again.

Sample Problem m

A prindstone [Fig, 10-8) rotates at constant angular ac-
celaration a = 035 rad/s®. At time t = 0, it has an angu-
lar velocity of wy = 4.6 rad/s and a reference line on
it is horizontal, at the angular position & = 0.

(1) Alwhal time allzr ¢ = 0 is the relerence line at the
angular position # = 5.0 rev?’

m The angular acceleration is constant, so we

can vse the rotation equations of Tahle 10-1. We choose
Eq. 10-13,

f— 6 = wyl + jar,
becaunse the cnly unknown variable it contains is the
desirzd time 1.

Calculations: Substituting known values and setting
B, =0and # = 5.0rev = [0 rad give us

107 rad = (—4.6radis) + 3(0.35 rad/s?)e%.
(We converled 5.0 rev 10 10 rad 1o kezp the units con-
sistent.) Solving this quacratic equation for ¢, we find

=325 ( Answer)

(b) Describe the grindstone’s rolation between (= 0
and = 31 s

Description: The wheel is initially rotating in the nega-
tive (clockwise) direction with angular velocity @, =
—4.6 rad/z, but its angular acceleration a is positive. This

fero angular
position

Reterence
line

FIG. 10-3 A grindstone. Atr = ( the reference line (which
we imagine to be marksd on the stone) is horizontal.

initial opposition of the signs of angular velocity and
angular accelerstion means that the wheel slows in its
rotation in the negative direction, stops, and then reverses
to rotate in the positive direction. After the reference linz
comes back through its initial crientation of # = 1), the
wheel tirns an additional 5.0 rev hy time ¢ = 37

fc) At what rime r does the grindstone momentarily
stop?

Calculation: We again go to the table of cquations for
constant angular acceleration, and again we need an
equation that contains only the desired unknown vari-
ahle t However, now the equation must also contain thz
variable e, so that we can set it te 0 and tken solve for
the corresponding time ¢ We cheose Ey. 10-12, which
yields
w=ay 0-(-46r1ads)
a  035rads®

.
1
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