AP Physics – Applying Forces
Crate rests on frictionless horizontal surface.  A force T is applied to it in horizontal direction by pulling on a rope. 

Free Body Diagram


Drawing that shows all external forces
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Free Body Diagram


Reaction forces not shown

The force exerted on the rope is called a tension.

Tension ( a pull tangent to a string or rope.

Objects in equilibrium  (  objects at rest or moving with constant velocity.





( F  = 0

Can analyze in either x or y direction

( FX  = 0   or     ( FY  = 0

Problem Solving Strategy:

1. Make a sketch 

2. Draw free-body diagram  --  label all forces

3. Resolve forces into x and y components

4. Use ( FX  = 0  and  ( FY  = 0  keep track of signs.
5. Solve equations developed 
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A 125 N traffic light is supported as shown.  Find tension in each cable.
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T3  must equal the weight of the light, 125 N

Find x and y components of T1 and T2:

The y components must equal 125 N

The x components must equal zero.
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Two equations, two unknowns.

Solve for T1 in first: 
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T1  =  0.7002 T2

Plug in this value into second equation:
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T2  =  102 N
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T1 = 71.4 N

Block on frictionless Ramp:

Ramp elevated at 28.0( angle and is kept from sliding down by a rope tied to a secure block as shown
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If block has a weight of 225 N, what is the force on rope holding it up?
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( Fx = 0   and   ( Fy = 0

In x direction:   T is balanced by a force down the ramp

( Fx = T – Fg sin ( = 0         T =  225 N sin 28.0(
T = 106 N

· [image: image57.wmf]28.0

A crate rests on very low friction wheels.  The crate and the wheels and stuff have a weight of 785 N.  You pull on the rope with a force of 135 N  What is the acceleration of the system?  How far will it move in 2.00 s?

In  the y direction, n = Fg
( Fy = 0

x direction:    constant acceleration
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  m = 80.1 kg

Fx = max
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ax =  1.69 m/s2
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  x  =  3.38 m

· A 5.00 kg ball rolls down a 18.0( ramp.   What is the acceleration of the ball?  Ignore friction.  If the ramp is 2.00 m long, how much time to reach the bottom?
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( Fx = mg sin ( = max
( Fy = n - mg cos ( = 0

mg sin ( = max     the mass cancels out

g sin ( = ax
ax = 9.8 m/s2 sin 18.0( 

ax  = 3.03 m/s2
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t = 1.15 s
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Two masses, 4.00 kg and 5.25 kg are connected by a light string to a frictionless pulley as shown.  Find the tension in the string, and the acceleration on the system.

Here are the forces for each:
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 The rising mass has T and its weight

 The falling mass has T and its weight

The forces on the rising mass, use up is positive:
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For the falling mass, down is positive
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Add the 2 equations:
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· [image: image62.wmf]4.00 kg

5.25 kg

2 blocks hang in an elevator as shown.  The elevator accelerates upward at 3.00 m/s2.  Find the tension in each rope.

Look at forces on upper block
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  There is  T1   up


T2   down


m1g  down

( Fy = T1 – T2 – m1g = m1a
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Looking at block 2:

( Fy = T2 – m2g = m2a

so 

T2 – m2g = m2a
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T2 = 256 N

Find first tension:

T1 – T2 – m1g = m1a
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T2 = 512 N

· A 20.0 kg cart with very low friction wheels sits on a table.  A light string is attached to it and runs over a low friction pulley to a 0.0150 kg mass.  What is the acceleration experienced by the cart?
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 Forces on each object:
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Cart:     ( Fx = T = m1a

Hanging mass:


( Fy = T – m2g = – m2a

Both objects experience the same acceleration

Look at tension on cart:
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Plug into 2nd equation:
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Solve for acceleration:
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a = 0.00734 m/s2
· [image: image67.wmf]20.0 kg

0.0150 kg

3 masses hang as shown, they are connected by light strings and your basic frictionless pulley.  find the acceleration of each mass and the tensions in the 2 strings.
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The magnitude for the acceleration for each mass is the same

For falling masses (left side) down is positive.  Up is positive on other mass.

( F = ma
m1 :          m1g – T1 = m1a

m2 :          m2g  + T1 – T2 = m2a

m3 :

T2 –  m3g = m3a

Add the equations:

m1g  + m2g  – m3g  = m1a  + m2 a  +  m3a
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    a  =  1.63 m/s2
Find Tensions:
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