CT14-1.  A door is pushed on by two forces, a smaller force  at the door knob and a larger force nearer the hinge as shown.  The door does not move.
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The force exerted on the door by the hinge....

Pink: is zero

Blue: points ( (along +y)

Green: points ((along -y)
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Yellow: points   (lower right, in diagram)

Purple: points in some other direction
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Answer: points  lower right, in diagram.  

[image: image9.wmf]Since the door is not moving, we must have 
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.  The small force has a negative x-component, so the hinge force must have a positive x-component to cancel it.  The small force has a small negative y-component, while the big force has a big positive  y-component.  The hinge force must have a positive y-component to help the 

CT14-2  

A mass M is placed on a very light board supported at the ends, as shown.  The free-body diagram shows directions of the forces, but not their correct relative sizes.
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What is the ratio 
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?   (Hint: consider the torque about the mass M).

Pink: 2/3

Yellow: 1/3

Green: 1/2

Blue: 2

Purple: some other color.

Answer: 2.  The total torque about the point where M rests must be zero, otherwise the board would start rotating.  Since the lever arms are in the ratio 1 to 2 [(1/3)L to (2/3)L], the force must be in the ratio 2 to 1 so the torques are equal magnitude.
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Suppose now the board has mass m, so the free-body diagram is now:

[image: image12.wmf]Compared to when the board had no mass, the force FR is now ..
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Green: the same.

Answer: greater, FR increases as m increases.

If the board is in equilibrium, we must have 
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.  This tells us that (FL+FR​) = (m+M)g.  So if m increases, the sum (FL+FR) increases.  But we still don't know for sure that FR increases. To see that FR​ must increase, consider the torques about the left end of the board.   We must have 
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.  So as mg increases, FR must increase so the total torque remains zero.
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CT14-3

A ladder of weight WL leans against a  wall.  The ladder has rollers at the top so that the wall exerts a normal force only on the top of the ladder.  A person of weight WP slowly climbs the ladder.  A free-body diagram for the ladder is shown.
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As the person ascends the ladder, the force from the wall (Fwall)

Pink: increases

Green: decreases
Blue: stays the same.

(Hint: Consider the torque about the point where the ladder touches the ground.)

Answer: increases   As the person ascends, the torque due to WP increases, since the lever arm (from the ground to where the person is standing) is increasing.  Fwall must increase so that the torque due to Fwall  increases and the total torque remains zero.

Part II. As the person ascends the ladder, the force of friction Fx, between the ladder and the ground ,

Pink: increases

Green: decreases
Blue: stays the same.

Answer: increases.  Since the ladder is not moving, we must have 
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,  so Ffric=Fwall​.  Since Fwall is increasing, Fx=Ffric must be increasing so that the net force remains zero.

Part III.  The ladder is more likely to slip when the person is...

Pink: lower
Yellow: higher 

Green: doesn't matter.

Answer: higher.  As the person ascends, the force Fx=Ffric  increases.  When Ffric reaches the maximum possible value Ffric,max=(sN, then the ladder slips.

Part IV.  As the person ascends, but before the ladder slips, is Ffric=(sN?  

Green: Yes  Yellow: No

Answer: No! The quantity (sN is the maximum possible value of Ffric. Ffric can have any value less than or equal to  (sN.   The normal force N between the ground and the ladder is a constant N=WL+WP, independent of the position of the person on the ladder. (Must be since 
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.)  So (sN is a constant as the person ascends.  Ffric increases as the person ascends. When Ffric grows to equal (sN, then the ladder slip

CT14-4  A mass m is hung from a clothesline stretched between two poles as shown. As a result, the clothesline sags slightly as shown.
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The tension T in the clothesline has magnitude..

Pink:  mg

Green: mg/2




Yellow: slightly greater than mg

Green: considerably greater than mg.

Purple: considerably less than mg.

Answer: The tension T must be considerably greater than mg.  There are three forces on the knot, which are the tensions in the three strings which converge on the knot.  The three forces must vector-sum to zero.

[image: image17.wmf]Since ( Fy = 0, then the tensions in the upper strings must be very large in order for their y-components to be big enough to cancel the downward weight mg.
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