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Ladders & Hinges 4

Your notes

Moments (ladder problems)

How do I model aladder?
= \We canmodeltheladderasarod
= There will be two (likely different) reaction forces
= averticalreactionforce Rt between the bottom of the ladder and the floor
= aperpendicularreaction between the ladder and the surface thatitis leaning on
= ifitisapegthenthereactionforce R, willbe perpendicular to the peg
= fitis avertical wall then the reaction force Ry, will be horizontal
= There could be frictional forces keeping the ladderin equilibrium
= The frictional force on the floor F¢ will act horizontally towards the wall

= Thefrictional force on avertical wall will act vertically upwards

= The coefficients of friction between the ladder and the floor/wall might be
different

mg

F, 6

/

How do | solve problems involving ladders?
= [nclude the weight of the ladder

= [fitismodelled as being uniform then the weight will act at the midpoint of the
ladder

= |nclude any extra weights for any additional objects on the ladder such as a person
standingonit

= Formtwo equations using the horizontal forces and the vertical forces
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= |fthe coefficient of frictionisinvolved then: ,
= useF<pR iftheladderisinequilibrium Your notes

= iftheladderis said to be onthe point of slippingitisinlimiting equilibrium and so use
F:uR

= Form moment equations

= Useful pivotsinclude the points of contact between the ladder and the floor, wall or
peg

= Youwillhave to use right-angled trigonometry to find the perpendicular distances

= Solve the equations to find any unknown distances, angles, masses or force

o

Worked Example

.

Auniform ladder of mass 15 kg and length 10 mrests withone end at point Aon a
rough vertical wall and the other end at point B on arough horizontal ground. The
ladderisin equilibrium at an angle of 30° to the horizontal. The magnitude of the
frictional force at the wallis 50 N. Find

(i) the magnitude of the normal reaction force at the wall,
(i) the magnitude of the normal reaction force at the ground,
(iii) the magnitude of the frictional force at the ground.

Answer:
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Step 1: Sketch a diagram ,

50 Your notes

Step 2: Form force equations
R () R,+ 50=15¢
R () R,=F

Step 3: Form a moment equation
Choose B as pivot to ignore F, and R,
M(B) 15g*5co0s30 = 50 *10co0s30 + R, x10sin30

@ = 25043 +5R,
Step 4: Solve
(i) R, = @ - 503’
Using g = 9.8

R,=40.703... = 41N (2 sf)

(ii) R¢ +50 =15¢
R =15g — 50
Using g = 9.8

Ry =97 N (2sf)
(i) Rw=F,
Fo=41N (2sf)

o

Examiner Tips and Tricks

= [ftheladderisresting onthe pegthenit might be a goodideatoresolve forces
parallel and perpendicular to the ladder instead of horizontal and vertical. Your
answer will be the same, itjust depends on what you find easier.

Moments (hinges)

How do | solve problems involving hinges?

= |foneendofarodishinged to asurface then that endis fixed to that point but the rod is
free torotate about that point

= There willbe aresultant force acting on the rod from the hinge
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= Thisforce willnot be perpendicular to the surface - it willbe acting atanangle ,

= Taking moments about the hinge is a good way to avoid including the force from the
hinge

Your notes

= |f you are asked to find the magnitude and direction of the force from the hinge:
= Step 1: Find the horizontal and vertical components of the force
= Step 2: Find the magnitude by using Pythagoras
= Step 3: Find the direction by using right-angled trigonometry

= There are two common ways a rod will be held horizontally at a wall:

= Therod could be without a hinge so that there is contact with the wall which means
there is anormal reaction force and a frictional force to stop the rod sliding down
the wall

= Therod could be with a hinge so that there is aresultant force from the hinge acting
atanangle of a° to the horizontal which stops the rod rotating about the hinge

= Splitting the resultant force from the hinge into horizontal and vertical components
makes both scenarios mathematically similar

Worked Example

Anon-uniformrod AB of weight 100 N and length 4 mis freely hinged at A to a vertical
wall. Therodis held in a horizontal position by a light inextensible cable attached at B.
The otherend of the cable is attached to the wall at point C vertically above A. The
angle ABCis 30° as shownin the diagram below. The centre of mass of therodisTm
from B.
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n 30°
4m B

(a) Find the magnitude of the tensionin the cable.

hinge atA.

Answer:

Step 41: Draw a diagram with all forces and distances

¢ Split Rinto horizontal
Ry T and vertical components
R
o Ry  30°
’a 3 i 1B
100

Step 2: Form forces equations
R (}) R, + Tsin30 =100
R (<) R, =Tcos30

Step 3: Form a moment equation

Choose A as pivot to ignore R
M(A) 1003 = Tx4sin30 €«——«—— d

(b) Find the magnitude and direction of the resultant force exerted on the rod by the

Find perpendicular distance

R, = 100 — 150sin30 = 25

Ry = 150c0s30 = 753"

Rl = VR2 +RZ = 507 = 132.287...
E) =10.893...

R

H

= tan™

Magnitude = 50V7 N = 132N (3 sf)
Direction = 10.9° (3 sf) above the i direction
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30°
300 =2T
4
Step 4: Solve d = 4sin30
(a) 300 = 2T
T=150N
(b) R, + Tsin30 =100

s

Your notes
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Examiner Tips and Tricks ,

. . . , Your notes
= Trynottolethingesscareyou! Justremember there will be vertical and horizontal

components. If you draw themin the wrong direction (up instead of down or left

instead of right) then don’t panic, it just means your answer for that direction will
be anegative.
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