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A train traveling at a constant speed v = 25 mi /hr has entered a circular portion of track with a

radius R = 200 ft. Determine the velocity and acceleration of point A of the train as observed by

the engineer B, who is fixed to the locomotive. Use the axes given in the figure. Continue to pOSt
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Draw the given schematic and label the fixed and rotating coordinate axes as follows.
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Here, XV is the fixed coordinate axis, and xV is the rotating coordinate axis.

Comment

Step2of 7 #~

Determine the velocity of the point ,{ observed by the engineer at point g using the following
formula:

V, SV +@xr+v, , ... (1)

Here, v, is the absolute velocity of the point 4 with respect to origin 3, v, Is the absolute

velocity of the point g with respect to origin (), @ is the angular velocity of the locomotive, r
is the position vector of point 4 with respect to point g, and v, is the velocity of the point 4

observed by the person at point fg.

Convert the uniform velocity of the train from mi,.’hr to ﬂj,f's.

v=25mi/hr

mi_[1609.344m 3.280839ft 1hr |
hr I mi I m 3600 s|
=36.66 fi/s

=25

Write the vector notation of the velocity of point 4.
v, =vi+0]
=36.661 fi/s

Write the vector notation of the velocity of point g .

v, = vsin20° i—veos 20° j
= 36.665in20° i —36.66c0520° |

=12.53841-34.449 j

Comment

Step 3 of 7

Write the vector notation of the angular velocity of the locomotive.

=—mk

£
-tk

R

Write the position vector of point .4 with respect to point ).

r, = —gi-ﬁ- Rj

Write the position vector of point g with respect to point ).

r, = Reos20%i+ Rsin20° j

Calculate the position vector of point 4 with respect to point g.
r=ry,

=r, -Iy

R .
= _EH Rj— (R cos20%i + R sin 20°j)

- -%H Rj— R cos20%i - R sin 20°j

Comment

Step4of 7

Calculate the value of the arx=r.
v R, i i . .
mxr=[—E k)x[—;l+R]—R¢c}32{]°l—£sm2{}“jJ
=0.5vj+vi+veos 20%j— vin 20%i
=(1-5in20°)vi+(0.5+cos 20°)vj
Substitute 36.66 ft/s for v.
@xr=(1-sin20°)vi+(0.5+cos20°)vj
= (1=5in20°)x 36.66i + (0.5 + cos 20°) x 36.66]
=24.12 i+ 52.78]
Substitute 36.66 i fi/s for v,, (12.5384 i—34.449 j) for v,,and (24.12 i+ 52.78j) for

@ xr in the equation (1).

V, =V +@xr+v,,

36.66i=125384 i-34.449j+{24.12 i+52.?3j]+ V.4
v, =—1833j fifs

Therefore, the velocity of the point 4 observed by the engineer at point g is |- 18.33 j ft/s|.

Comment

Step50f7

Determine the acceleration of the point 4 observed by the engineer at point g using the
following formula:

a, =ay, +@xr+ox(@xr)+2@xv  +a, - (2)

Here, a, is the absolute acceleration of the point 4 with respect to origin (), a, is the

absolute acceleration of the point g with respect to origin ¢, g is the angular acceleration of
the locomotive (rotating axis), r is the position vector of point 4 with respect to point g, and
a_, is the acceleration of the point 4 observed by the engineer at point g .

Write the vector notation of the acceleration of the point 4.
a, =0i+0}
=0 ft*/s
Write the vector notation of the acceleration of the point J.

a,=a, +a,
s z
v V dv
= ——¢0520° i ——sin20° j+—sin20° i — —cos20°j
R R J dlt dt !

Substitute 36.66 fi/s for v, and 200 ft for g.

¥y 2
ay = - c0s20° i~ in20° j+ L in20° i - L cos20°]
R R d d

36.66)° _ .
_(36:66) . 0 £ 43666 . 0 3666
dl i

36.66)°
= —{—}msﬂ]” i

cos20°j

=-6314i-2298j fi’/s

Comment

Step 6 of 7

Calculate the value of the mx(mx r).

wx(@xr)= —% k x(24.12 i +52.78j)

=000 s (24.12+52.78))
200

== 4,42 j+9.67 i
=967 i— 4.42

Calculate the value of 2@ xv,,.

i
2wxv,, =2 -% k]x—IH_Hj
\
i

36.66
=2 -—— k]x—]3,33j
L 200

= —6.72i ft'/s

Comment

Step 7 of 7 #~

Calculate the value of the angular velocity of the locomotive, g;.

o de
o =—
dt

Substitute (—% k] 36.66 fifs for v,

d[_Bﬁ.ﬁﬁ 1-:]
200

di
=0 rad/s’

Substitute ( fi*/s for a,, (- 6.314i-2.298 j) for a,, Orad/s’ for @. (9.67 i— 4.42 j)
for mx{mx r}, and — 6.72 i ﬂzfg for 2ex v , in the equation (2).

a, =a, +@xr.+ox(wxr)+2oxv,, +a,

0=(-6314i-2.298j)+0+(9.67 i— 442 j)+(-6.72i)+a,,

a,=336i+6.72jft’/s

Therefore, the acceleration of the point 4 observed by the engineer at point g is

3.361+6.72j fi’/s|. D
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Examples related to Chapter 5

Example 1 v

and (c) the total number of revolutions, clockwise plus coun-terclockwise, turned by the flywheel during the first 14
seconds of torque application.

Solution
The counterclockwise direction will be taken arbitrariSh@somgitiee Since a is a known function of the time, we may
integrate it to obtain angular velocity. With the initial angular velocity of = 1800 (2m)/60=-607 rad /s, we have

rooi. . R 11 -~ R 1 C A~ 1 2 R -~ -~

Example 2 >
Example 3 »
Example 4 >

Example 5 >
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