Translational Equilibrium



Objectives

first
condition for equilibrium

free-body diagrams

first condition for equilibrium




Newton’s First Law

Newton’s First Law:




Newton’s Second Law:

e Second Law:




Newton’s Third Law
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Action and reaction forces act on different objects.



Newton’s Third Law

Action and Reaction Forces Act on Different

Objec

's. They Do Not Cancel Each Other!




Translational Equilibrium

Translational Equilibrium

resultant
on




Visualization of Forces

Force diagrams are necessary for studying
objects in equilibrium.

ON the ring.




Visualization of Forces

Now let’s look at the Reaction Forces for the
same arrangement. They will be equal, but
opposite, and they act on different objects.

BY the ring.




Vector Sum of Forces

Translational Equilibrium

Vector sum: *F=A+B+C=0




Vector Force Diagram

free-body diagram




Look Again at Previous Arrangement

1. Isolate point. 4. Label components.
2. Draw X,y axes. 5. Show all given
information.

3. Draw vectors.



Translational Equilibrium

First Condition for
Equilibrium
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Example 2. Find the tensions in ropes A

and B for the arrangement shown.

¢\\

—

The Resultant Force R=A+B +C =0
on the ring is zero:

R = SF = 0 Ry=Ay+By+Cy=O



Example 2. Continued . ..
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Components

A free-body diagram must represent all
forces as components along x and y-axes.
It must also show all given information.




Example 2. Continued . ..

Components




Example 2. Continued . ..
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Solve first Solve Next
for A for B
The tensions in




Problem Solving Strategy




Example 3. Find Tension in Ropes A and B.

1. Draw free-body diagram.
2. Determine angles.
3. Draw/label components.




Example 3. Find the tension in ropes A and B.

First Condition for
Equilibrium:

4, Apply 15t Condition for Equilibrium:

SF,=B -A =0 =) B =A
SF,=B,+ A-W=0 ==B + A =W

X



Example 3. Find the tension in ropes A and B.

B
A

Wv400 N

Using Trigonometry, the first condition yields:

B =A === Bcos60°=Acos 30"

X

B, + A = W m— A sin 30° + Bsin 60°= 400 N




Example 3 (Cont.) Find the tension in A and B.

B=1732A




Example 3 (Cont.) Find Tensions in A and B.
B=1.732 A

IERWAYN WM A sin 30° + Bsin 60° = 400 N
(1.732 A)

0.500A+1.50A =400 N A=200N




Example 3 (Cont.) Find B with A =200 N.

A =200 N B =346 N




Example 4. Rotate axes for same example.







Thus, the components of
the weight vector are:

Apply the first condition for Equilibrium, and . . .
B-W =0 and A-W =0




Example 4 (Cont.) We Now Solve for A and B:

X

SF =B-W, =0
B = W_= (400 N) cos 30°

B =346 N

SF,=A- W, =0
A = W, = (400 N) sin 30°

A=200N




Calculate Angle 0







Calculate Reaction Force on the Hinge

Strut

~ Hinge






Summary




Summary




Summary




Problem Solving Strategy




Friction and Equilibrium



Objectives




Friction Forces

Friction forces  parallel
oppose

Static Friction: Kinetic Friction:



Friction and the Normal Force
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Friction forces are independent of area.




Friction forces are independent of speed.




The Static Friction Force




Constant or Impending Motion

impending

weight normal forces




Friction and Acceleration




1. Draw sketch and free-body
diagram as shown.

2. List givens and label what is to

]
l be found:
p =0.3;pn.=0.5 W=250N

i—»

3. Recognize for impending motion: P—-f_ =0




u =0.5 W=250N P
f,(max)

4. To find P we need to
know f_, which is:




p =05 W=250N P f
(max) N =250N

6. Next we find f_from:

/. For this case: P—f_ =0

125 N just start



p =03 p. = 0.5
constant speed

kinetic




The Normal Force and Weight

component



For Friction in Equilibrium:

fsz’usn OF fk='ukn

2F =0 2Fy=0

X




Example 2

1. Draw and label a sketch of the




Example 2 (Cont.).
3. Find components of P: P sin 40° $

«./ﬂ

P cos 40"
—p

Note: Vertical forces are balanced, and for constant speed,
horizontal forces are balanced.




Example 2 (Cont.).

P_= 0.766PP, = 0.643P

4. Apply Equilibrium con- ditions to

vertical axis. 400
- o————p
SF =0 fk 0.766P
—
300 N

n +

N =300 N -0.643P



Example 2 (Cont.).

N =300N-0.643P

5. Apply XF, = 0 to con- stant
horizontal motion.

=0




Example 2 (Cont.).

10.766P — (60 N — 0.129P)=0 |

6. Solve for unknown P.

0.766P + 0.129P =60 N
0.766P + 0.129P =60 N

0.895P=60 N
P=67.0N

If P =67 N, the
block will be
dragged at a

constant speed.

P=67.0
N




Step 1: Draw free-body
including forces, angles
and components.

Step2: 2F =0

vansoy n=(230N) cos 60°

V




y
P=222N




Summary

just start

n
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Summary: Important Points (Cont.)

kinetic friction
constant motion

n
m— fo = w1
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Summary: Important Points (Cont.)




Summary
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Summary

Static Friction: Kinetic Friction:




