PhyzJob: Gonservation of
Momentum in the Rail Yard

SIGN GONVENTION:

1. A 588 N woman stands atop a 800 kg flatcar; both are

initially at rest. The woman then runs to the right and é
jumps off the right end with a speed of 7 m/s.

a. What is the initial (and final) momentum of the system? H'
p=p' =0 (“both are initially at rest™) " T

b. What is the final momentum of the woman?
pw = mwu' = 60 kg « (+7 m/s) = +420 kg-m/s
c. What, then, is the final momentum of the flatcar?
pr = 420 kg-m/s (conservation of momentum)

d. What is the final speed of the flatcar?
ve = pr Ime = =420 kg-m/s / 800 kg = -0.55 m/s

2. 100 kg Digby exerts a 300 N force on a 15,000 N boxcar
(initially at rest) for 10 s.

a. What is the impulse imparted to the boxcar?

p=F t=300N.10 5 = 3000 N:s

b. What is the speed of the boxcar when Digby lets go?
p=m v so v= p/m=3000N-5/1500 kg = 2 m/s

c. If the boxcar then couples with a 2,000 kg coal car
(initially at rest), with what speed will the two subsequently & ___ J% d= ) 00
move?

p=Pp

p = (Mf + mp)v'

V' = p/(m# + mp) = 3000 N-s / (1500 kg + 2000 kg) = 0.86 m/s

d. Felix then grabs a rope dangling from the boxcar and
slows the two railroad cars to rest in 15 s. How much force , [iEEEagE
does Felix exert while stopping the cars? S5 i
p= Ft
F= p/ t and p=p'-p=0-3000 N-s
=—-3000N-s/15 s
F=-200N
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3. m, = 50,000kg mg = 10,000kg m¢ = 30,000kg mp = 5,000kg

Explanation of figuresfor exercise 3

1. Boxcar A moves with speed v, toward empty coal car Binitially at rest.

2. The two collide elastically; the coal car moves with speed v@ while boxcar A moves with speed V.

3. Coal car B then couples with boxcar C and flatcar D; they all move with speed V'gcp.

4. SnceV , is greater than v'gep, boxcar A catches up with cars B, C, and D. Thistime boxcar A coupleswith car
B, C, and D; all move at V' ppcp-

a. If vo = 10 m/s, what is the momentum of the system in figure 1?
pa = mava = 50,000kg - 10m/s = 500,000kg-m/s

b. What is the total momentum of the system in figures 2, 3 and 4?
pror = pa = 500,000kg-m/s (cons. of mom.)

c. If the speed of the boxcar after the collision shown in figure 2 is V'p = 6.67 m/s, what is the
speed V'g of the coal car?

p= p' S0 MaVA + MsVe = MaVa ' + Mevs'
(since vs = 0) v&' = ma(va — va')/ms = 50,000kg(10m/s — 6.67m/s)/10,000kg
ve' =16.7m/s
d. What is the momentum of coal car B after the collision?
ps' = msvs' = 10,000kg - 16.7m/s = 167,000kg-m/s

e. What is the speed of cars B, C, and D after coal car B couples to cars C and D?

PBCD" = PB' = (I’I’IB + Mc + mD)VBCD" = Msvs'
veo" = Mevs'/(Ms + Mc + mo) = 167,000kg-m/s / (10,000kg + 30,000kg + 5,000kg)
vee" = 3.7mls

f. What is the final speed of cars A, B, C, and D in figure 4?

PABCD'" = pror = (I’l’lA + Ms + Mc + mD)VABCD" '= pror

Vasco'" = pror /(mA + Ms + Mc + I'I’ID)

viec™ = 500,000kg-m/s | (50,000kg + 10,000kg + 30,000kg + 5,000kg)
vaeeo'" = 5.3m/s
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