Dynamics 2e 183

Problem 2.127 §

The radar station at O is tracking the meteor P as it moves through the
atmosphere. At the instant shown, the station measures the following data
for the motion of the meteor: r = 21,0001t, 6 = 40°, 7 = —22,4401t/s,
and § = —2.935 rad/s. Use Eq. (2.48) to determine the magnitude and
direction (relative to the xy coordinate system shown) of the velocity
vector at this instant.

Solution

Referring to the figure at the right, the unit vector i, always points toward
P. The unit vector iy is perpendicular to i, and points in the direction of
increasing 6. Then, letting r denote the distance between P and the fixed
point O, we have that the position of P is described by 7p = r 1i,. Applying
Eq. (2.48) on p. 81 of the textbook, we have

Up =7, +1rdy X1y, ¢))

where @, is the angular velocity of the unit vector 1,. Since the angle
describes the orientation of 7p, we have that

&r =0k, ©)
where k = fi, x fig. Substituting Eq. (2) into Eq. (1) gives
ip =ity +rfilp. (3)

Finding the magnitude of the vector, we then have that

[ip| = 2 +r202 = | [ip| = 6559ft/s, (4)

where we recalled that r = 21,000 ft, 7 = —22,440ft/s, and 6 = —2.935 rad/s. We now observe that

U, =cosfi+sinf ] and tyg= —sin617 + cosb J, ®)
so that Eq. (3) can be rewritten as

Up = (FcosO —r@sinf) i + (Fsin® + rhcosf) j = (22,4307 — 61,640 ) ft/s. ©6)

Vx vpy

Since vp is directed downward and to the right, the orientation of ¥p is —tan~!(Jvpy /vp, |):

Fsinf + rf cos 6 D — 70.01°

Orientation of p from x axis = — tan™! ( - —
7cosf —r6sind

= Orientation of v from x axis = 70.01° (cw), | (7)

where, again, r = 21,000 ft, 7 = —22,440ft/s, and 6 =—2.935 rad/s.
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Problem 2.135§

A disk rotates about its center, which is the fixed point O. The disk has @
a straight channel whose centerline passes by O and within which a collar
A is allowed to slide. If, when A passes by O, the speed of A relative to
the channel is v = 14 m/s and is increasing in the direction shown with a
rate of 5m/s?, determine the acceleration of A given that w = 4rad/s and
is constant. Express the answer using the component system shown, which
rotates with the disk. Hint: Apply the equation derived in Prob. 2.122 to the
vector describing the position of A relative to O and then let r = 0.

Solution

Let 74 be the position of A relative to the fixed point O. Using the (7, J) component system, 7 can be written
as

Fa=-—r]. 1)
Applying the equation derived in Problem 2.122, the acceleration of A is

lg = —F ] =28y X F ] + &y X T4 + @ x (& X T4), )
where @, is the angular velocity of the vector 7. When 4 is at O, 7 = 0 so that Eq. (2) can be simplified to
Ga|,_y = —F ] — 28, x #]. 3)

Now, we observe that A
C?)r = w k. (4)

Substituting Eq. (4) in Eq. (3), we have

dg|,_g=—F] 2wk xF] = du|,_,=2wii—F]. 5)
Recalling that 7 = —v = —14m/s, # = —5m/s?, and w = 4rad/s, we can evaluate the last of Egs. (5) to
obtain
dg|,_o = (=112.07 + 5.000 j) m/s’.
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