% Problem 2.1 7%

If Uy, is the average velocity of a point P over a given time interval, is |Ugy, |, the magnitude of the average
velocity, equal to the average speed of P over the time interval in question?

o *,\}-j Solution
W :
QO‘ H&yv\% In general, |Uayg| is not equal to vy, To see this, consider a car that drives along a loop of length AL overa

time interval At such that the departure and arrival points coincide. Since the departure and arrival positions

~& coincide, avg is equal to zero. This, implies that [Uave| is also equal to zero. By contrast, the average speed

will be different from zero because it is equal to the ratio AL/ At.
% Problem 2.3 %

Is it possible for the vector ¥ shown to represent the velocity of the point P?
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Solution
No, because the vector U shown is not tangent to the path at point P, which it must.
Quick reference:

2.7
Bavg = 0. || Vavg = 5.556m/s.
2.11
B(155) = (72,087 + 6.240 /) ft/s, v(I5s) = T2.34ft/s, a(15s) = —(15.767 + 1.393 j) fr/s’.
2.43:
B = 93.75 ftfs*2,
2.96:
thighe = 6.2635. | Fiuq = (28181 — 4,500 j)m.
2.138:
Flomoge = 8-825ft/s and @lo_gee = —0.77461ad/s.
2.132:
= -1204m/s and 6 = —0.8504rad/s.




Problem 2.7 |

A city bus covers a 15 km route in 45 min. If the initial departure and final arrival points coincide, determine
the average velocity and the average speed of the bus over the entire duration of the ride. Express the
answers in m/s.

Solution

Since the departure and arrival points coincide, the displacement vector over the duration of the ride is equal
to zero. This implies that the average velocity of the bus over the duration of the ride is equal to zero:

' 63‘ag = 0.

Letting d denote the total distance traveled by the bus and letting Af denote the time to travel the distance d,
the average speed over the duration of the ride is

d
va\gg = E

(n

Since d = 15km = 15x10° m and Ar = 45 min = 2700, we can evaluate the above expression to obtain
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Vavg = 5.556 m/s.
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Problem 2.11 |

The position of a car as a function of time ¢, with ¢ > 0 and expressed in seconds, is
F(t) = [(5.9812 + 0.139% — 0.01491%) i + (0.5231% + 0.0122¢3 — 0.00131¢%) j} ft.

Determine the velocity, speed, and acceleration of the car for ¢ = 15s.

Solution

The velocity is obtained by taking the derivative of the position with respect to time. This gives
¥ = [(11.961 + 0.41701% — 0.05960¢%) i + (1.0461 + 0.036601 — 0.005240¢°) 7] ft/s. n

The speed is the magnitude of the velocity. Using Eq. (1), we have

v= \/ (11.96¢ + 0.4170¢2 — 0.0596073)% + (1.046¢ + 0.03660¢2 — 0.005240¢3) fi/s, )

which can be simplified to

v = tv/144.1 4 10,05t — 1.26112 — 0.05009¢3 + 0.00358014 fit/s. 3

The acceleration is computed by taking the derivative of the velocity with respect to time. Using Eq. (1), we
have
d = [(11.96 + 0.8340¢ — 0.1788¢%) 7 + (1.046 + 0.073207 — 0.01572¢%) J] ft/s*. @

Evaluating Egs. (1), (3), and (4) for 1 = 15s, we have

5(15s) = (72.087 + 6.240 ) ft/s, v(15s) = 72.34ft/s, @(15s) = —(15.761 + 1.393 j) ft/s>.




Problem 2.43 1

The acceleration of a sled is prescribed to have the following form: a = B4/f, where ¢ is time expressed
in seconds, and B is a constant. The sled starts from rest at { = 0. Determine § in such a way that the
distance traveled after 1sis 25ft.

Solution

The acceleration is a = dv/dt. Since a is given as a function of time, we can separate the velocity and time
variable as follows:

3

dv
2 = a(t) = dv=a()dt. O

Recalling that a(t) = B4/t and that the velocity is equal to zero for ¢t = 0, we integrate the last of Egs. (1) as
follows:

§\ [}vdvmfotﬁﬁdt = () = 2p32, ¥))

We recall that the velocity is ds/d!, so that we can write

Zl: =v(t) = ds=v()dt. 3

Letting 5o denote the value of s for ¢ = 0 and using the expression for v{¢) in the last of Egs. (2), we can
integrate the last of Egs. (3):

K 1 _
(‘\___\ /ds:fo 28:32dr = s—s0=£pt2 )
S

Letting d denote the distance traveled during Af = 1s, we can rewrite the last of Eqgs. (4) as follows:

i d = LpAr?, ®)
which can be solved for £ to obtain
154
= a
Recalling that d = 25 ft and that At = 1s, we can evaluate Eq. (6) to obtain

@ _ B = 93.75ft/s>/2.
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Problem 2.96 |

A trebuchet releases a rock with mass m = 50kg at point O. The
mitial velocity of the projectile is ¥g = (457 + 30 7) m/s. Neglecting
aerodynamic effects, determine where the rock will land and its time of
flight.
Solution

Referring to the coordinate system defined in the problem statement, we see that vy,,q. the ¥ coordinate of the
rock when it lands on the ground, is /. With this in mind, we can write the following constant acceleration
equation for the y coordinate of the rock:

Y = Loyl - :i;f_,’!z.
where it 1s understood that ¢ = 0 is the time of release and vy = 0 and v, are the vertical position and the
vertical component of velocity of the rock at time ¢ = 0. respectively. Denoting by fgign the time at which
the rock impacts the ground. we have

T
. R (T \/"’Fb' + 2gh
= = Voylnigh = 381G = Bliigw ~ 2oplign =21 =0 =ty = -

g
The only physically meaningful solution for g is that corresponding to the -+ sign in front of the square
root, that is,
{iight == 1 Uy + /’1’2 +2gh ). (2)
8 g ¥ V ro L

Recalling that g = 9.81 m/s%, voy = 30m/s. and /2 = 4.5 m, we can evaluate the expression above to obtain

Iflight == 6.263s.

Next observing that the motion is in the x direction is a constant acceleration motion with acceleration equal
to zero, the x coordinate of the rock is described by the following (constant acceleration) equation:

X = Yoxl, (3

where we have accounted for the fact that x = 0 for ¢ = 0. and where voy is the x component of the velocity

. r\ of the rock for 7 = 0. Substituting Eq. (2) into Eq. (3), for = [igie We have
LF W e 0x (2 2ok ‘
Mand = 2 (lyo i V’) yot+ 28 h). 4

The position of the rock when the rock hits the ground is Fung = Xunal — # 7. Therefore. recalling that
| i X £
g = 981 m/s%, vox = 45m/s, voy = 30m/s, and /1 = 4.5 m, and using Eq. (4) o evaluate xjng we have

@ Fland = (281.87 — 4.500 ) m.




Problem 2.1381

The mechanism shown is called a swinging block slider crank. First used in various steam locomotive
engines in the 1800s, this mechanism is often found in door-closing systems. If the disk is rotating with
a constant angular velocity § = 60rpm, H = 4ft, R = 1.5ft, and r is the distance between B and O,
compute 7 and ¢ when 6 = 90°. Hint: Apply Eq. (2.48) to the vector describing the position of B relative
to 0.

swinging ¥ 7

block | i

! e
Wy
- ¢
i
Solution

We can express the velocity of B in two ways. First, as the time derivative of the position vector 7z /4 and
second as the time derivative of the position vector 7 /0- Referring to the figure in the problem statement,
we can express these two position vectors as follows:

S w 5 ” -

i P8 Tpia = Ripgsg and 7o =rig, €3]

where, as given the problem statement, r is the distance between B and O, and where we observe that the
Ve N angular velocities of the unit vector in the above equations are

(7),;‘,“ =6k and (;),;x:'-—q“::\. /(2)
Hence, observing that R = 0 since R is a constant, using Eq. (2.48) on p. 81 of the textbook, we have
ﬁB=;?B/A=é]€xRﬁB/A and !-).B=;“B/O=i'ﬁs—¢zkn)(fﬁs‘ (3)

Next, we observe that, for § = 90°, we have

il

R————— 1
ﬁ f, r = JHZ + R2, and ﬂ e T Ri+ H j . 4
L) & B/A S= JRra HZ( 7) @
Substituting Egs. (4) into Egs. (3), for 6 = 90°, we have

U8|gagee = RO ] and g, (Ri+HJ)+ Hi~ R J. (5)

;
=90° = et 2

Equating the two above expressions for i component by component, we have

N PR - —
a JR2+H2+H¢—O’ © 7/

)

Equations (6) and (7) form a system of two equations in the two unknowns # and ¢ (at § = 90°) whose

solution is . |
. ) . R26 | 7
r{9=90° mm and ¢’0:900 T R i ) (8)

Recalling that we have § = 60 rpm = 60(27/60) rad/s, H = 4ft, R = 1.5ft, we can evaluate the quantities
in Egs. (8) to obtain

/ Flomgpe = 8.825ft/s and @|g_g40 = —0.77461ad/s.




Problem 2.132 i

The end B of a robot arm is moving vertically down with a constant speed
vg = 2m/s. Letting d = 1.5m, apply Eq. (2.48) to determine the rate at which
r and 6 are changing when 8 = 37°.

Solution

Referring to the figure on the right, we begin by describing the position of point
B relative to O using the (i, fig) component system:

Tp =rii,. ey

The velocity of B is g = 7:3. Then, using Eq. (2.48) on p. 81 of the textbook,
we have

58=iﬁr+arxrﬁr, (2)
whiere @, is the angular velocity of the vector 7. Since the vector Fg rotates
with the robotic arm, we have

& = 0 k. 3)
, ituting Eq. (3) into Eq. (2) we have
o Vg =riy+0kxri, = Ug=Fra,+0rig. @)
née point B is moving downward along a vertical line with speed v, using the (7, j) component system,
the velocity of B can also be described as follows:

vg = —vg J. )
We now observe that
J = sin6 1, + cosfiy. 6)
Therefore, Eq. (5) can be rewritten as ‘
Up = —vg(sin 6 4, + cos O iig). 6 )
Equating the second of Eqs. (4) and Eq. (5) component by component, we have
i = —vosinf and Or = —vocosf. 8)

Recognizing that r cos @ = d, i.e., r = d/ cos §, we can solve Egs. (8) for 7 and 6 to obtain

A 2
7= —vgsinf and 9=~'39338~9. 64) )

Finally, recalling that vg = 2m/s, 6 = 37°, and d = 1.5m, Egs. (9) can be evaluated to obtain

F=-1204m/s and 6 = —0.8504rad/s.




