Physics Challenge Question 14:  Solutions

Part 1

The initial momentum of the grenade is found by
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Since the grenade is flying to the right, its momentum will be to the right also, in the direction of v.

Part 2
To find the velocity of the missing piece, we can use momentum conservation.  Since the three pieces originally stick together, it’s like an inelastic collision “in reverse.”  Also, instead of having two fragments, we have three.  We write the momentum conservation as


[image: image2.wmf]f

i

p

p

=



[image: image3.wmf]3

3

2

2

1

1

v

m

v

m

v

m

v

m

i

i

+

+

=



[image: image4.wmf]3

2

2

1

1

3

m

v

m

v

m

v

m

v

i

i

-

-

=



[image: image5.wmf](

)

(

)

(

)

(

)

kg

15

20

kg

15

30

kg

20

kg

000

,

5

s

m

s

m

s

m

3

×

-

-

×

-

=

v



[image: image6.wmf](

)

(

)

(

)

s

m

s

m

s

m

s

m

s

m

3

353

15

300

,

5

kg

15

300

kg

600

kg

000

,

5

=

=

-

+

=

v


Notice that I made everything pointing to the right have a “+”, and everything pointing to the left have a “-.”  Since our answer is positive, the third fragment zooms off to the right.

Part 3
We will do the same thing as in part 2, only separately for the x- and y-direction.  In the x-direction, we know the initial momentum (before the explosion) from part 1.  Using momentum conservation:
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Notice that the first object has no velocity component in the x-direction, so its speed in this equation is 0.
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Now for the y-direction:
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Since the grenade is moving due right before breaking apart, it has no momentum in the y-direction, and the initial momentum in this equation is 0.  However, both the final fragments have momentum in the y-direction:
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I’m going to call up positive, and down negative:
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Now, we can find the total speed of the second fragment using Pythagorean theorem:
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