
Equilibrium 
Problems
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The Top Bar
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Middle Example
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The “IMPOSSIBLE” one
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Torque

What is the BEST way to 
open a door?

• The most force
• The right direction
• Far from the hinges

File:Cruggleton 
Church door.JPG
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T = F d s inθ 
Torque (Nm)  
Force (N)   
distance (m) 
or r for radius  or l for lever arm

θ the angle between F and d

so, push on a door at a right angle with a force of 25N, 
80cm from the hinges...

Torque (Nm)= 25N 0.8m sin90°

File:Leeds Castle 
Door Detail, 

Kent.jpg 
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Three States of  Equi l ibr ium

Vertical Forces - 
“Ups” equal “Downs”

Horizontal Forces- 
“Lefts” equal “Rights”

Torques -
 “Clockwise” equals “Counter-clockwise” 
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Equilibrium with 
Right Angles
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A Simple Problem
• The 500 N homecoming queen stands 1 m from the end of 

a 3 m, 350 N board as shown.  
• Two players stand 0.5 m from each end.  Find all Forces!
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! Up   =   Down!
FL + FR = 500 + 350

Vert ical  (y direct ion) Forces
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W
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W
Q
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0 .5 1 1.5 2 2.5 3

F L

F R

W
B

W
Q

Horizontal  (x direct ion) Forces

! Left   =   Right!
0 = 0

(but make sure you state this anyway)
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0 .5 1 1.5 2 2.5 3

F L

F R

Pick any Axis
Doing this at a variable 
point will help

W
B

W
Q

Torque- Turning Forces
pick a point  where i t  is  not  turning 
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Torque   T = F d s inθ 

0 .5 1 1.5 2 2.5 3

F L

F R

W
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W
Q

Start at one end
Player R  FR(2)sin90

CCW      =         CW
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Torque   T = F d s inθ 

 FR(2)sin90
 350(1)sin90
 500(0.5)sin90 
 FL(0)sin90  No Torque

CCW      =         CW
Player L
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0 .5 1 1.5 2 2.5 3
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F R

W
B

W
Q

CCW      =         CW
FR(2)sin90 = 350(1)sin90 + 500(0.5)sin90
 2 FR   =  350    +  250
 FR   = 300 N
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Solve for all variables 
using the up=down and 
left=right equations 
again if needed.

0 .5 1 1.5 2 2.5 3

F L

F R

W
B

W
Q

! Up   =   Down!
! FL + FR = 500 + 350
! FL + 300 = 850
! FL  = 550 N
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If you have picked a good place for your 
axis of rotation, you should have only 
simple algebra to handle.
If you have time, pick another axis of 
rotation and be sure that you get the same 
answer.

Check
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Part 2 - Crane Booms
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Tension

48
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A 6 foot, 40 pound board is used to support two 
blocks as shown. A rope is connected 4 feet from 
the wall and forms a 30° angle with the board

Find all of the forces in on the board.

48



0      1      2      3      4      5      6
30°

4

40

Vertical

Horizontal

8

Tension

V + Tsin30  =  8 + 40 + 4
Up       =      Down
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T cos30° =      H
Left      =      Right
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Tension
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Tension

Finish Your Math

    CCW     =      CW  

    L    =     R    _      U    =     D    _  

T(4)sin30  = 4(5)sin90 + 40(3)sin90 + 8(2)sin90
T(2)          =    4(5)        + 40(3)          + 8(2)
   T = 78 lb

T cos30° =      H
H = 67.5 lb

V + Tsin30  =  8 + 40 + 4
V = 13 lb
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The Object creates the 
angle

-
A Ladder Problem
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Climbing a Ladder
Find all Forces

A 75 kg man has climbed 2 
meters up a 7 meter ladder.  
The ladder has a mass of 
55kg, and it forms a 60° angle 
with the ground.  
Find all forces.
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•Weight of Ladder
•55 × 9.8

•Weight of Climber
•75 × 9.8

•Normal
•“Wall”
•Horizontal

7       6       5       4       3       2       1       0

N
or

m
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9

wall

Horizontal

73
5

Climbing a Ladder
Find all Forces
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U  =  D 
N = 735 + 539

N =1274 N

L  =  R 
H = W

N
or

m
al
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wall

Horizontal
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5

7       6       5       4       3       2       1       0
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9
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Horizontal
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Now finish your math
 H  =   W
 H  =  276.8 N

And Maybe...
 F = μ N 
 276.84 = μ 1274

CW       =      CCW
 W(7)(sin60) 
 539(3.5)(sin30)
 735(2)(sin30)
 W = 276.8 N

60°

30°
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Equilibrium with 
Angles

The Ropes
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Find al l  Forces

m=24kg

 θ = 48°  θ = 16° 
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T 
1

23
5.

2 
N

First ,  isolate the t i re

U  =  D 
T1 = 24(9.8)
T1 = 235.2 N

m=24kg

 θ = 48°  θ = 16° 
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T1

! U  =  D!
! Tgy  + ! Try! =    T1
Tg sin48 + Tr sin16   =  235.2 N
! Tg = 316.49 - 0.371(Tr)

Next, isolate the “knot”

Tg

Tr
 θ = 48°  θ = 16° 
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! L  =  R!
! Tgx  = Trx

! Tg cos 48  = Tr cos16
from u=d:
! Tg = 316.49 - 0.371(Tr)
! 211.77 - 0.248 Tr  = 0.961 Tr 

! 211.77 = 1.209 Tr

! Tr = 175.1 N
! ∴  Tg = 251.5 N

Tg ! Tr

 θ = 48° 
 θ = 16° 
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Center of Mass
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Find the Center

Easy sometimes
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Find the Center

• Where is the center 
of mass for this 
tree?

• half the length?

Length = 12 m
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Find the Center
15 g 25 g 50 g
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Find the Center
15 g 25 g 50 g

15 × 1 25 × 6 50 × 14

15 + 25 + 50
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20 g

30 g

40 g

Find the 
Center
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20 g

30 g

40 g

20 × 0 30 × 10 40 × 7

20 + 30 + 40

xcm = 6.4 cm
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20 g

30 g

40 g

20 × 10 30 × 13 40 × 0

20 + 30 + 40

ycm = 6.56 cm

xcm = 6.4 cm
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