
Momentum Conservation: Ballistic Pendulum

Consider a ballistic pendulum where the block of wood has a mass mw=1.4kg

and is struck by a bullet with a mass of mb=0.01kg. After the bullet lodges

itself into the block, the two swing up to a height of 0.263177m. What was the

speed of the bullet just before the collision?

To solve this, we will work backwards, starting with the "conservation

of energy" portion of the problem. The final energy is the gravitational

potential energy of the bullet/block combination. The initial energy

is the kinetic energy of the bullet/block combination (note that this is

after the bullet is in the block). We ignore air resistance; there is no "waste".

E3=E2

(mw+mb)gy = 1

2
(mw+mb)vw+b

2

vw+b = 2gh

Now, this is the velocity of the wood/bullet system after the collision.
We know that in a collision, momentum is conserved. This allows us to determine
the velocity of the bullet before it is embedded in the wood:

p2=p1

(mw+mb)vw+b=mwvw
0
+mbvb

vb = (mw+mb)vw+b

mb

=
(mw+mb)vw+b 2gh

mb

= 320.4m/s



vb=320.4 , h=0 , mass=0.01

Energies=0+513.281=513.281

kinetic

513.281

0

waste

before

impact

,

vb=320.4 , h=0 , mass=0.01

Energies=0+513.281=513.281

kinetic

513.281

0

waste

before

impact

,

vb=320.4 , h=0 , mass=0.01

Energies=0+513.281=513.281

kinetic

513.281

0

waste

before

impact

,

vw+b=2.27234 , h=0 , mass=1.41

Energies=0.+3.64029=3.64029

kinetic

3.64029

kinetic

3.64029

,

vw+b=2.2679 , h=0.00102867 , mass=1.41

Energies=0.0142287+3.62606=3.64029

kinetic

3.64029

potential

0.0142287

kinetic

3.62606

,

vw+b=2.25462 , h=0.00408854 , mass=1.41

Energies=0.0565531+3.58374=3.64029

kinetic

3.64029

potential

0.0565531 kinetic

3.58374

,

vw+b=2.23265 , h=0.00911411 , mass=1.41

Energies=0.126067+3.51422=3.64029

kinetic

3.64029

potential

0.126067
kinetic

3.51422

,

vw+b=2.20215 , h=0.0160065 , mass=1.41

Energies=0.221404+3.41889=3.64029

kinetic

3.64029

potential

0.221404

kinetic

3.41889

,

vw+b=2.16337 , h=0.0246362 , mass=1.41

Energies=0.34077+3.29952=3.64029

kinetic

3.64029

potential

0.34077

kinetic

3.29952

,

vw+b=2.11656 , h=0.0348464 , mass=1.41

Energies=0.481999+3.15829=3.64029

kinetic

3.64029

potential

0.481999

kinetic

3.15829

,

vw+b=2.06205 , h=0.046457 , mass=1.41

Energies=0.642597+2.99769=3.64029

kinetic

3.64029

potential

0.642597

kinetic

2.99769

,

vw+b=2.00017 , h=0.0592688 , mass=1.41

Energies=0.819812+2.82048=3.64029

kinetic

3.64029

potential

0.819812

kinetic

2.82048

,

vw+b=1.9313 , h=0.0730683 , mass=1.41

Energies=1.01069+2.6296=3.64029

kinetic

3.64029

potential

1.01069

kinetic

2.6296

,

vw+b=1.85585 , h=0.0876318 , mass=1.41

Energies=1.21213+2.42816=3.64029

kinetic

3.64029

potential

1.21213

kinetic

2.42816

,

vw+b=1.77425 , h=0.10273 , mass=1.41

Energies=1.42098+2.21931=3.64029

kinetic

3.64029

potential

1.42098

kinetic

2.21931

,

vw+b=1.68693 , h=0.118134 , mass=1.41

Energies=1.63404+2.00625=3.64029

kinetic

3.64029

potential

1.63404

kinetic

2.00625

,

vw+b=1.59436 , h=0.133615 , mass=1.41

Energies=1.84818+1.79211=3.64029

kinetic

3.64029

potential

1.84818

kinetic

1.79211

,

vw+b=1.49702 , h=0.148954 , mass=1.41

Energies=2.06034+1.57995=3.64029

kinetic

3.64029

potential

2.06034

kinetic

1.57995

,

vw+b=1.39538 , h=0.163938 , mass=1.41

Energies=2.2676+1.37269=3.64029

kinetic

3.64029

potential

2.2676

kinetic

1.37269

,

vw+b=1.28994 , h=0.178369 , mass=1.41

Energies=2.46721+1.17308=3.64029

kinetic

3.64029

potential

2.46721

kinetic

1.17308

,

vw+b=1.18121 , h=0.192063 , mass=1.41

Energies=2.65664+0.983652=3.64029

kinetic

3.64029

potential

2.65664

kinetic

0.983652

,

vw+b=1.06971 , h=0.204854 , mass=1.41

Energies=2.83357+0.806723=3.64029

kinetic

3.64029

potential

2.83357

kinetic

0.806723

,

vw+b=0.95601 , h=0.216594 , mass=1.41

Energies=2.99595+0.644339=3.64029

kinetic

3.64029

potential

2.99595

kinetic

0.644339

,

vw+b=0.840691 , h=0.227154 , mass=1.41

Energies=3.14202+0.498267=3.64029

kinetic

3.64029

potential

3.14202

kinetic

0.498267

,

vw+b=0.72442 , h=0.23643 , mass=1.41

Energies=3.27032+0.369973=3.64029

kinetic

3.64029

potential

3.27032

kinetic

0.369973

,

vw+b=0.607972 , h=0.244337 , mass=1.41

Energies=3.3797+0.260589=3.64029

kinetic

3.64029

potential

3.3797

kinetic

0.260589

,

vw+b=0.492324 , h=0.250823 , mass=1.41

Energies=3.46941+0.17088=3.64029

kinetic

3.64029

potential

3.46941

kinetic

0.17088

,

vw+b=0.378816 , h=0.255863 , mass=1.41

Energies=3.53912+0.101169=3.64029

kinetic

3.64029

potential

3.53912kinetic

0.101169

,

vw+b=0.269518 , h=0.259475 , mass=1.41

Energies=3.58908+0.0512112=3.64029

kinetic

3.64029

potential

3.58908
kinetic

0.0512112

,

vw+b=0.168053 , h=0.261737 , mass=1.41

Energies=3.62038+0.0199105=3.64029

kinetic

3.64029

potential

3.62038
kinetic

0.0199105

,

vw+b=0.081521 , h=0.262838 , mass=1.41

Energies=3.6356+0.00468519=3.64029

kinetic

3.64029

potential

3.6356

kinetic

0.00468519

,

vw+b=0.0230535 , h=0.26315 , mass=1.41

Energies=3.63991+0.000374683=3.64029

kinetic

3.64029

potential

3.63991

kinetic

0.000374683




