Physics Challenge Question 10:  Solutions

Part 1

The two forces acting on the ball are gravity (Fg) and the string tension (FT).  The force of gravity points straight down, while the string force points along the string, as shown on the free-body diagram.  Notice that gravity has no x-component (horizontal), while the string tension does.

Part 2

Since the car (and therefore the ball) is accelerating to the left with acceleration a (see the picture), the net force can’t be zero.  There must be a net force to the left.  Since there is no vertical acceleration (the ball doesn’t move up or down), the vertical forces must sum to zero.

This answer also fits our free-body diagram.  Only one of the forces (FT) has a horizontal component, there is no other force to cancel it, and there must be a net horizontal force.

Part 3

Since FT has both a vertical and a horizontal component, let’s first break it up into these components.  (I’ll call those FTx and FTy, respectively.)


The horizontal component is opposite :
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The vertical component is adjacent :
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Adding up the forces, we have (remember that the vertical net force is zero, while the horizontal net force is 
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Part 4

We know the angle  and our two equations from part 3, namely
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and
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but we don’t know the mass m or the string tension FT.  We are trying to solve for the acceleration a.

We must combine the two equations to get rid of some of all the variables we have in play.  We can rewrite the second one to read
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We can then plug this back into the first equation, which gives us
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We can divide through by m, which leaves


[image: image10.wmf]g

a

-

×

=

)

cos(

)

sin(

0

q

q

.

(So it doesn’t matter how the ball you use is!)

Finally, we can solve for a and plug in our numbers for  and g:
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