Recitation 8
Chapter 8

Problem 5. Two blocks with massegl and 3V are plaved on a horizontal, frictionless surface. A light spring is attached to one of them,
and the blocks are pushed to gether with the spring between them (Fig. P8.5). A cord initially holding the blocks together is burne
after this, the block of masdB moves to the right with a speed af = 2.00 m/s.(a) What is the speeds of the block of mas$/1? (b)

Find the original elastic potential energy in the spring, takingl = 0.350 kg

(a) Conserving momentum

P =0=P; = Ps— Ps=3Mvg — Mvg (1)
Vs = 3vg = 3-2.00 m/s= 6.00 m/s (2)

(b) Conserving energy

1 1
Ei:Us:Ef:KB+KS:§3MV§+§MV% (3)
1 1 1
Us = é3|v|v§ - é|v|(3vB)2 = 5|v|v§(3+9) = 6Mv3 = 5-0.350 kg: (2.00 m/32? = 8.40 J (4)

Problem 17. Suppose a truch and car with initial speeds;cE 8.00 m/s collide in a perfectly inelastic head on collision. Each driver
has a mass ah=80.0 kg. Including the drivers, the total vehicle massesmaye- 800 kg for the car anth = 4000 kg for the truck. If
the collision time iAt = 0.120 s, what force does the seat belt exert on each driver.

To find the final velocitys of the crumpled mass, we conserve momentum.

P =mvi —mevi = (M —me)Vi = Py = (M + me) v (5)
om-me 4000 kg—800Kg
Vi =V mm 8.00 m/s 4800 kg =5.333... m/s (6)

In the same direction the truck was initially going. And the average féroa each driver is then given by

Av Vi — Vi

F = = — = 7
ma mAt m A @)
ViV 5.333 m/s-8.00m/s
=m N 80.0 kg 0.120 5 =-1780N (8)
VitV 5.333 m/s+8.00 m/s

Fe=m NS 80.0 kg 0.120 5 =8890 N 9)

Problem 18. As show in Fig. P8.18, a bullet of massand speed passes completely through a pendulum bob of fvis$he bullet
emerges with a speed = v/2. The pendulum bob is suspended by a stiff rod of lehgthd a negligable mass. What is the minimum
value ofv such that the pendulum bob will barely swing through a complete vertical circle?

Let us break the problem up into two steps: the collision where we’ll conserve momentum, and the pendulum swinging upside dov
where we’ll conserve energy. Call the point before the colligipthe point just after the collision before the bob has started to sBjing
and the point where the pendulum is completely inve@edVe just need to give the bob enough energy that it has no spé&z(uatt
barely coasting through), so conserving energy badk to

Ec = Mg(2l) = Es = HMV3 (10)
V3 = 4gl (11)
Vo = 2,/ (12)

Where we've left out the kinetic energy of the bullet since it doesn’t change Br¢tmC
Now conserving momentum back £o

Ps = Mvg+m(v/2) = Pa=mv (13)
_ 2Mvg _ 4M
v=— == Vol (14)

Problem 25. Two shuffleboard disks of equal mass, one orange and the other yellow, are involved in an elastic, glancing collision. Th
yellow disk is initially at rest and is struck by the orange disk moving with a speétfter the collision, the orange disk moves along a
direction that makes an anddewith its initial direction of motion. The velocities of the two disks are perpendicular after the collision.
Determine the final speed of each disk.



Let the final speed of the orange diskwethe final speed of the yellow disk lvg, andm be the mass of one disk. Calling the initial

direction of the orange disk and the direction perpendicular to ttﬁeﬂsuch that the final direction of, has positive components in both
directions), we see

Vg = Vo COSO (15)

Vo = Vo Sind (16)

For the orange puck, and that since the motion of the yellow is perpendicular the the orange, the angle between the final motion of
yellow and the—| direction is als®, so

Vi = Vysin® 17)
Vi = —Vycosf (18)
Conserving momentum in both directions we have
Ps = 0= Py = my; +my;: = m,Sin — my,cosd (19)
sin@
_ 20

Vy=Vo o5 (20)
Pi = My = Py = my; + my; = M, cosB + my,sing (21)
V; oSO = V,co< 0 + (VOS(I)nSg> SiNBcosB = Vo COS 6 + Vo SINF 0 = v, (22)

Because
sif@+cosf=1 (23)

So
Vo = V; COSD (24)
sin@ .

Vy = VO@ =v;sind (25)

Problem 26. Two automobiles of equal mass approach an intersection. One vehicle is traveling with a waleeit.0 m/s towards

the easti), and the other is traveling nortf) fvith a speeds. Neither driver sees the other. The vehicles collide in the intersection and
stick together, leaving parallel skid marks at an anglé ef55.0° north of east. The speed limit for both roads is 35 mph, and the driver
of the northward-moving vehicle claims that he was within the speed limit when the collision occurred. Is he telling the truth?

Let mbe the mass of one car amd be the final velocity of the wreck. Conserving momentum in both directions

P; =MV = Py; = (M-+m)vs sin® (27)
sin@  mw
tanf=— = < 28
an cosB mwy (28)
1 mi . 3600 s

Vo = vptan® = 13.0 m/stan59)° - =416 mph (29)

1609m 1h
So he was speeding.
Problem 43. A rocket for use in deep space is to be capable of boosting a total load (payload plus rocket frame and ehginre) of
3.00 metric tons to a speed of = 10.0 km/s. (a) It has an engine and fuel designed to produce an exhaust speggd-02.000 km/s.

How much fule plus oxidizer is requiredB) If a different fuel and engine design could give an exhaust speeg, ef 5.000 km/s, what
amount of fuel and oxidizer would be required for the same task?

(a) Starting with equation 8.43 from page 248, and lettilg= M; — M+ be the mass of the fuel and oxidizer

Vi — Vi = Veln (I\l\//lli) (30)
Mi = M; exp% (31)
Me = M¢ (exprVeVi —1) (32)
= 3.00 metric tons(expL20 —1) = 442 metric tons (33)
(b) Using eqn[ 3R with our new exhaust velocity,
Me = 3.00 metric tons(expLs0 —1) = 19.2 metric tons (34)



Problem 45. An orbiting spacecraft is described not as a “zero-g” but rather as a “microgravity” environment for its occupants and for
onboard experiments. Astronouts experience slight lurches due to the motions of the equipment and other astronauts and as a rest
venting of materials from the craft. Assume that\n= 3500 kg spacecraft underoes an acceleratian-o2.50 ug = 2.45- 10> m/s’

due to a leak from one of its hydraulic control systems. The fluid is know to escape with a speed wf§ ihto the vacuum of space.

How much fluid will be lost inAt = 1.00 h if the leak is not stopped.

If the acceleration of the spaceship remains constant, and the rate of fluid escape remains constant, the mass of escaping fluid 1
be much less than the mass of the spaceship. Conserving momentum according to the conservation of momentum equation 8.42 ir
text,

Mdv= —vedM (35)
dv alt 2.45-107° m/$*-3600 s
dM = —Mv—e_—Mv—e_—SSOO kg =00 mis = —4.41 kg (36)

Problem 48. A bullet of masamis fired horizontally into a block of madd initially at rest at the edge of a frictionless table of height
(Fig. P8.48). The bullet remains in the block, and after impact the block lands a distémee the bottom of the table. Determine the
intial speed of the bullet.

Breaking the problem up into two parts (like problem 18), call the point before the colsithe point just after the collisioB and
the point when the block-bullet hits the floGr

FromB to C is a standard projectile motion problem, which we'll solve for the horizontal velegityf the block-bullet at poinB.
Becauses is purely horizontal (thedlrectlon) we’ll use the vertlca]Idlrecnon to find the time it took the ball to fall.

1 _
yi =—h= Eat2+vy0t+y0: 7gt2 (37)
2h
t=4/— 38
g (38)
Xt =d = vgt +Xg = vgt (39)
d g
(41)
Now conserving momentum back £o
PB:(m+M)vB:PA:mv (42)
m+M m-+M g
m Ve m d 2h (43)



