
Updated: March 2006

Course: sph 4U1

Unit: Mechanics

Lesson 14: Title: STATIC EQUILIBRIUM

Bellwork: have each student make up a force on a slope problem and then exchange it with another student to solve. Students need to hand in their solutions for me to look at. Some questions are also insoluble.
Apparatus: rope
Lesson:

This unit (?) deals with the subject of STATICS (as opposed to kinematics and dynamics) when bodies are at rest -- no acceleration nor velocity.  

Where is this important? In any structure which we do not want to move. Examples? bridges, …
How much snow can a roof hold before it collapses?

When something is in equilibrium it has no net force acting on it.

The vector sum of all forces equals zero.
i.e. 

 and 


We have looked at dynamic equilibrium where 

 (no net force)  (Thought: is zero a vector?) Example: pushing a box along a frictional surface at a  constant speed.

Now: static equilibrium, which is defined as 

 and 

 (no motion).

When we drew free body diagrams, we always assumed that the forces were acting on the centre of mass (more on this later).

How to solve statics problems:
( draw a FDB
( label the forces and determine all of the forces that you know.
( decide whether you need to find ((Fx or (Fy or both.
( find the x- and y- components of any forces at an angle
( solve the two equations above for the unknown force.

( If there is a pulley in a statics problem, you can make some simplifying assumptions 
(see #3-15 on the handouts). (1) The angle is twice that of the other angle. 
(2) The y-forces on the rope are equal, otherwise it will move.
** This paragraph only makes sense when you look at the diagram from problem 3-15.


Example 1:
Two people are pulling on ropes attached to a block with forces of  F1 =12 N [N] and F2 =16 N [E]. What force must a third person apply to maintain static equilibrium?
(In other words, to keep it stationary, so that the net force = 0).

Solution: since F1 is perpendicular to F2, we can use Pythagoras’ theorem and trig to get 

F3 = 20N [W37S].

(you should be able to get this by inspection)

Example 2: use the Pasco Tripod Force thing. two known masses and one unknown. Find the unknown mass.

Example 3:

Read over Martindale example # 3 on page 207.  A 30 kg mass hanging from the centre of a 10 m clothesline makes it sag by 40 cm. Find the tension in the line.
(Note that symmetry greatly simplifies this problem)

(Sketch diagram, label, note that the string stretches which is why it sags)

my solution:
Fg = m x g
     = 30 kg x 9.8 N/kg
     = 294 N
Calculate small angles ( : ( = tan -1 (0.4m/5m)



         = 4.6 degrees
Taking vertical components:  Fnet y = 0


-Fg + T1 sin( + T2 sin( = 0

since T1 = T2


-Fg + 2Tsin( = 0


( T = Fg / 2sin(


        = 1833 N


Questions: is this the vertical component of the tension or the component along the rope?
We could have used the horizontal components since Fnet x = 0 too, but it wouldn’t help solve anything. Why not?

DEMO have two big people pulling on a rope -- tight, and a smaller third person push sideways at the middle.  This is how you can get your car out of the mud -- long rope pulled tight.  Show that if angle = 5(, T = 23 Fa

(*check – where does the 23 come from? shouldn’t it be 4?). Your force is multiplied significantly if you push at right angles to a tight rope – compared to just pulling on the rope. The rope must be very tight so that (( is small.

Example 3:

An 80 kg sign hangs from the side of a building. Find the tension in the cable supporting it, and the compression in the rod pushing it away from the side of the building.  The angle between the cable and rod at the sign is 40o. (similar to Giancoli p252#25)

<I need the written solution here>

Homework: (or do as a competition)

(it would be good to work in groups for these questions)
Martindale: Do questions p 208 # 1b (solve by both trigonometry and using components -- see p206, 207 ??)
p208 # 1c, 2, 3, 4.  Note that compression is just the opposite of tension.
try p208 #5, it is more complicated.

Nothing about statics in Nelson Physics 12 text; nor in McGraw-Hill text.

Giancoli (4th ed): p251 #12, 13 (may be tricky) , 25
Use photocopies from Statics text. (see http://quarkphysics.ca/phys2/mechanics/statics_problems/ )
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