Problem 17.3 In Active Example 7.1, suppose that
at a given instant the hook H is moving downward at
2 mfs. What is the angular velocity of gear A at that
instant?

Solution: The angular velecity of gear B is

v 2 mis
op =2 = 20 _ 90 radss,
ry 0.Im
The gears are conuected through the common velocity of the contact
points

0.2
PR = Py D g = g = oo (20 rad/s) o 80 radfs,
ra 0.05m

l wy = 80 tad/s counterclockwise. i

Problem 17.2 The angle & (in radians) is given as a
function of time by ¢ = 022 At 1 = 4 5, determine
the magnitades of {a) the velocity of point A and (b) the
tangential and normal components of acceleration of
point A.

Solution: We nave

a6 do
= 2 = e o= = - =
8=02mi", o= o 04mr, o e 0.4,
Then
(8) v=ra = (30.47)(4) = 10.1 fis.
m = ro? = (D[4 ) (HF = 50.5 fu/s?, a, = 50.5 ffs?,
a = ree = ()(0.47) = 2.51 fuis, a; = 2.51 ft/s”,

Problem 173 The mass A starts from rest at ¢ = 0 and
falls with a constant acceleration of 8 m/s?, When the
mass has fallen one meter, determine the magnitudes of
{a) the angular velocity of the pulley and (b) the tangen-
tial and normal camponents of acceleration of a point at
the outer edge of the pulley.

Solufion: We have

a =8 mis?, v = Va5 = /28 )1 m) = £ mss,

v 4mbs
m—;*rziﬂ)racb‘s,
a 8 mi 2
u—;— olm = 80 rad/s*.
o
a4 = ree = (0.1 (80 rad/s?) = § m/s?, a; = 8 /s,

®

@y = re? = (0.1 W)(40 1adfs)? = 160 mis>. | 4, = 160 mis.
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Problem 17.6 (a) If the bicycle’s i20-mm sprocket
wheel rotates through one revolution, through how many
revolutions does the 45-mm geas turn? (b) If the angn-
lar velocity of the sprocket wheel is 1 rad/s, what is the
angular velocity of the gear? 45

K=
e mﬁsmmm:::w&m:&rm'f

Solution: The key is that the tangential acceleralions and tangen-
tial velocities along the chain are of constani magnitude

(&) Op =2.67 eV

) vp =rop Vg = TAWA
Us = UR
2 a
on — (0045)0n o= Q100 A Vg e B — 14
X . Ty =y @ T
2
wp = (%) rad/s = 2.67 rad/s
20 o
TR

Integrating, we get

rpflp = r fy rg=0.120m
rp =0.045 m
120
fp = (E) (1) rev 84 = 1rev,

Problem 17.7 The rear wheel of the bicycle in Prob-
lem 17.6 has a 330-mm radins and is rigidly aftached to
the 45-mm gear. It the rider turns the pedals, which are
rigidly attached to the 120-mm sprocket wheel, at one
revolution per second, what is the bicycle’s velocity?

Selution: The angular velocity of the 120 mm sprocket wheel is

@ = 1 revis = 2o Tad/s. Use the solution to Problem 17.6. The angniar
velocity of the 45 mm gear is

120
a5 = 290 | e | = 16.76 rad/s.

This is also the anguolar velocity of the rear wheel, from which the
velocity of the bicycle is

v e g5 (330 = 5.53 mfs.
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Problem 17.12 Consider the bar shown in Problem
17.11. I |v4] = 3 w/s and |ay| = 28 m/s®, what are [vg|
and |ag|?

Solution:

vy = or = 3 s = o/ (0.4 + (0.4)2 m = @ = 530 rad’s

fan = o2r = (5.3 rad/) 2/ (0.4)2 + (0.4 m = 15.9 m/®

aar = vas® — a4 =/ (282 — (15.9)® mi* = 23.6 mvs®

Aar = a7 = 230 mA* = ¢/ (0,47 + (0,42 m = & = 40.7 radk

| up = an/ (0.4 + (—0.2)7 m = 2.37 m/s I

a5 = e/ BA7 + (0.7 = 182 mis?
apy = 0/ 0AT + (02 = 12,6 2

ap =+/(18.2)2 + (12.6)% m/s? = 22.1 m/e®

Problem 17,13 A disk of radins R = (.5 m rolls on
a horzontal sorface. The relationship between the
horizontal distance x the center of the disk moves and
the angle A through which the disk rotates is x = Rf.
. Suppose that the center of the disk is moving to the right
with a constant velocity of 2 m/s.

(a) What is the disk’s angular velocity?

(b) Relative to a nonrotating reference frame with
its origin at the center of the disk, what are the
magnifudes of the velocity and acceleration of a
point on the edge of the disk?

Solution:

(@ y=Rp=it=Rf=v=Ro=|p=—=2"" —4radis
m

" | v = R = (0.5 m){4 rad/s) = 2 m/s
(b)

a =g, = Ra® = (0.5 m){4 rad/sy? = 8 m/s>

Problem 17.14 The turbine rotates relative to the coor-
dinate system at 30 rad/s abont a fixed axis coincident
with the x axis. What is its angular velocity vector?

Solution: The angular velecity vector is parallel to the x axis, z 30 rad/s
with magnitude 30 rad/s. By the right hand rule, the pesitive direction

coincides with the positive direction of the x axis.

(radt).
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Prohlem 17.19 The bar is rotating in the counterclock- ¥
wise direction with angular velocity . The magnitode of
the velocity of point A is 6 m/s. Determine the velocity
of point B.

Selufion:
_v 6 mfs
T A4 m

o = 10.6 rad’s.

vy =wx T = (10.6 rad/s)k % (841~ 0.2]) m

\ vz = (2.121 + 4.24) mis.

Problem: 17.20 The bar is rotating in the counterclock-
wise direction with angular velocity @. The maggitude
of the velocity of point A relative to point B is 6 m/s.
Determine the velocity of point B,

Sokation:

rasp = (0.8 M)+ (0.6 mZ=11m

e R R il L0

v 6 mfs
@=——=—— =6 radk.
TA/B lm

v =@ xrp = {6 rad/s)k x (0.4i —0.2j) m

vp o= (1.2 + 2.4j) mfs.

.4m 0.4 m

Problem 17.21 The bracket is rotating about point O
with counterclockwise angular velocity e. The magni-
tude of the velocity of point A relative to point B is
4 m/s. Determine o.

Solution:

B4 = \/(0.18 +0.12cos 48°)? + (0.12 50 48%)2 = 0.275 m

_vmga 4 mfs
Crma 0275 m

a = 14.5 rad/s,

= 14,5 rad/s.
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Problem 17.29 The bar is moving in the x—y plane v
and is rotating in the counierclockwise direction. The
velocity of point A relative fo the reference frame is
v, = 12i — 2§ (w/s). The magnitude of the velocity of
point A relative to point B is 8 m/s. what is the velocity
of point B relative to the reference frame?

Solution:

8§ m/:
m:E:—s:tiradfs,
r 2m

¥ =Va+ o xrpy=120—2) ms+ (4 rads)k x (2 m){cos3C%i+sin30°))

vg = (8i+ 4.93)) mfs.

Preblem 17.30 Points A and B of the 2-m bar slide ¥
on the plane surfaces. Point B is moving to the right at
3 m/s. What is the velocity of the midpoint G of the bar?

Steategy: First apply Eg. (17.6) fo points A and B

to determine the bar's angular velocity. Then apply
Eg. (17.6) to points B and G.

Solution: Take advaniage of the censtraints (B stays on the floar,
A stays on the wall}

Viz=¥p+w Xrym
vaj = (3 mfs)i + wk x (2 m){—cos 70°i + sin 70°5)

= (3 — 1.88 et + {(—0.684 w}j

Equating i components we find 3~ 1.88 w =0 = w = 1.60 rad/s
Mow find the velocity of point G

ve = Vg + @ XTem

= (3 m/e)t - (160 rad/sik x (1 m){— cos 7071 + sin 70°f)

Yo = (1.55 — 0.546)) m/s

Problem 17.31 Bar AB rotates at 6 rad’s in the clock- Solution:
wise direction. Determine the velocity (in in/s) of the
slider C.

VB = VA + @ap X TRJA
vg = 0 — (6 rad/e)k x (4 + 4j) in

vp = (241 — 24j) in/s.

Yo = VB +®pc X ok

Ve = (34— 24} + aprk x (10§ — Th)

Vo = (24 4+ 7 wpoi + (=24 + 10 was)j

Slider € cannot move in the j direction, therefore

24
= e o 2.4 rad/s.
DR 16

vo = (24472401 = 438 infs)i | ve = 43.8 in/s to the right.
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Problem 17.37 Bar AB rotates at 12 rad/s in the
clockwise direction. Determine the angular velocities of
bars BC and CD,

i—— 300 mm 350 mm ‘[

Solufion: The strategy is analogons ta that nsed in Problem 17.36.
The radius vector AB is rass = 200§ (mm). The angolar velocity of
AB is w = —12k (rad/g). The velocity of peint B is

i k
vp=vitoxrpa=04+|0 0 —12| =2400i (mm/s).
0 200 0

The radins veclor BC is royp = 300% + (350 —~ 200)j = 3001 + 150§
(rum). The velocity of polnt € is

i j k
Vo=vVptapcxrom=vp+| 0 0  ope
B0 150 0

= {2400 — [50wpe )i+ wpe300j (mms).

The radivs vector DC is reyp = —350i 4 350j (mm). The velocity of

point C is
i j k
ve=v¥p+wcp Xrep =0+ ] 0 wep
—350 338 ¢
= 350w + ).

Equate the two expressions for v, and separate components:
(2400 — 130wp + 35000 0)i = 0,

and  (300wge +350mep)j = 0.

Solve: wpe =35.33 radls,

wye = 5.33k (rad/s) |

wrp = —4.57 radss,

wep = —4.57k (rad/s} |
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Problem 17.38 Bar AB is rotating at 10 rad/s in the
counterclockwise dircction. The disk rolks on the circular
surface. Determine the angalar velocities of bar BC and
the disk at the instant shows,

Solution: The point “D* at the battom of the wheel has zero veloe-
ity.

Vi = V4 + @ik XFRjA

= 04 (100 x (11— 2§} = (260 + 10} mvs.

Yo = ¥V +@ac X To/p

= (201 + 105) + wpck x (31) = (20)i+ (10 + 3mpe)i

¥p = Yo +@wcp X oo

Since the velocity of D is zere, we can set the components of velocity
equal to zero and solve to find

wdisk = wep = —20 rad/s,  wpe == 3.33 rads.

| e — 20 rad/s clockwise, wge = 3.33 radfs clockwise.

= (2001 4 (10 4+ 3wped) + acpk % (=1]) = (20 + wendi + (10 4 Jwre)i

Problem 17.39 Bar AB rotates at 2 rad/s in the coun-
terclockwise direction, Determine the velocity of the
midpoint G of bar BC.

Solution: We first need to find the angular velocities of BC
and CD

vp =v4 +wap % ey = (2 rad/sik % (10 in)(cos 4571 -+ sin45°])
= (—14.14 14.17) in./s
Ve =a +one % Fop = {(—140 4 1413) s+ wpck ¢ (12 in)i
= [(— 141 inf)k+ (14.1 ins + {12 in)ape)i]
Vo =vVe+eoep XY
= [{(—14.1 infs)i + {14.1 inSs + {12 in.Jwsc)j)
+ mepk x (10 in)[sn 45° eot 30°1 — sin 45°§]

= [(—14.1 in/s + {7.07 In. }wep)i + (141 in/s

+ {12 in}ope + {12.2 inJecn)i]

Since D is fized, we set both components to zero and solve for the
angular velocities

—14.1 infz + {7.07 inJwcp =0 wpr=—3.22 radfs
14,1 in/s + {12 injwge + {12.2 injwcp =0 wen =2.80 radfs

Now we can find the velecity of point G.

Vg = Vp -t Ope X Ton

= (1411 -+ 14.1]) ins + (—3.22 rad/s)k < (6 in.)i

Vo = (—14.0i — 5.18f) inss

350
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