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• The net external force on 

the object must equal zero.

• The net external torque on 

the object must equal zero.

Summary: Conditions for Equilibrium

F is confined in xy plane.

റ𝐹𝑛𝑒𝑡 = ෍ റ𝐹𝑒𝑥𝑡 = 𝑚 റ𝑎 = 0

റ𝜏𝑛𝑒𝑡 = ෍ റ𝜏𝑒𝑥𝑡 = 𝐼 റ𝛼 = 0

𝐹𝑛𝑒𝑡, 𝑥 = ෍ 𝐹𝑒𝑥𝑡,𝑥 = 0

𝐹𝑛𝑒𝑡, 𝑦 = ෍ 𝐹𝑒𝑥𝑡,𝑦 = 0

𝜏𝑛𝑒𝑡, 𝑧 = ෍ 𝜏𝑒𝑥𝑡,𝑧 = 0



Ladder problem

• A uniform ladder of length l 

rest against a smooth, vertical 

wall. The mass of the ladder is 

m, and the coefficient of static 

friction between the ladder and 

the ground is µs = 0.40. The 

wall is frictionless. Find the 

minimum angle θ at which the 

ladder does not slip.  



Problem-Solving Strategy 1

• Draw sketch, decide what is in or out the system.

• Draw a free body diagram

• Show and label all external forces acting on the object

• Indicate the locations of all the forces

• Establish a convenient coordinate system

• Find the components of the forces along the two axes

• Apply the first condition for equilibrium

• Be careful of signs  x

y

𝒏

𝒇

𝑾

𝑷



Problem-Solving Strategy 2
• Choose a convenient axis for calculating the net torque 

on the object: remember the choice of the axis is arbitrary

• Choose an origin that simplifies the calculations as much 

as possible: A force that acts along a line passing through 

the origin produces a zero torque

•  Be careful of sign with respect to rotational axis

➢  positive if force tends to rotate object in CCW

➢  negative if force tends to rotate object in CW

➢  zero if force is on the rotational axis

• Apply the second condition for equilibrium  

𝜏𝑛𝑒𝑡, 𝑧 = ෍ 𝜏𝑒𝑥𝑡,𝑧 = 0



Problem-Solving Strategy 3

• The two conditions of equilibrium will give a system of equations

• Solve the equations simultaneously

• Make sure your results are consistent with your free body diagram

• If the solution gives a negative for a force, it is in the opposite 

direction to what you drew in the free body diagram

• Check your results to confirm 



A metal advertising sign (weight w) is suspended from the end of a massless rod of length 

L. The rod is supported at one end by a hinge at point P and at the other end by a cable at 

an angle θ from the horizontal. What is the tension in the cable?

෍ റ𝜏𝑛𝑒𝑡 =  𝑇𝐿𝑠𝑖𝑛𝜃 − 𝑤𝐿 = 0

Example Problem

(A)

(B)

(C)

(D)

(E)

w

T

෍ 𝐹𝑒𝑥𝑡,𝑥 = 0 ෍ 𝐹𝑒𝑥𝑡,𝑦 = 0

෍ 𝜏𝑒𝑥𝑡,𝑧 = 0

n

So 𝑇 = 𝑤/(𝑠𝑖𝑛𝜃)



Raising a ladder
A ladder (weigh w = 3400 N) carried by a fire truck is 20.0 m long. The ladder is pivoted 

at one end (A) about a frictionless pin. The ladder is raised into position by a force applied 

at C. Point C is 8.0 m from A, and the force റ𝐹 makes an angle of 40 with the ladder. 

What magnitude must റ𝐹 have to just lift the ladder off the support bracket at B? Start with 

a  free-body diagram of the ladder. 

σ 𝜏𝑒𝑥𝑡,𝑧 = 0 = 𝜏𝑤 + 𝜏𝐹

𝜏𝑤 + 𝜏𝐹 = 3400 N 10.0 m − 𝐹 8.0 m 𝑠𝑖𝑛40 = 0

𝐹 = 6.6 kN

𝑤

෍ 𝐹𝑒𝑥𝑡,𝑥 = 0 ෍ 𝐹𝑒𝑥𝑡,𝑦 = 0

෍ 𝜏𝑒𝑥𝑡,𝑧 = 0



The boom weighs 2600 N and is attached to a frictionless pivot at its lower end. The 

distance of its center of gravity from the pivot is 35% of its length. Find (a) the tension in 

the guy wire and (b) the horizontal and vertical components of the force exerted on the 

boom at its lower end. 

L: the length of the boom.



A 60.0 cm, uniform, 50.0 N shelf is supported horizontally by two vertical 

wires attached to the sloping ceiling. A very small 25.0 N tool is placed on the 

shelf midway between the points where the wires are attached to it. Find the 

tension in each wire. Begin by making a free-body diagram of the shelf.  



One end of a uniform 4.0-m-long rod of weight Fg is supported by a cable at an angle 

of 𝜃 = 37° with the rod. The other end rests against the wall, where it is held by friction as 

shown in the figure below. The coefficient of static friction between the wall and the rod 

is μs = 0.50. Determine the minimum distance x from point A at which an additional object, 

also with the same weight Fg, can be hung without causing the rod to slip at point A.

(A).  2.81 m

(B).  1.55 m

(C).  3.05 m

(D).  2.98 m
෍ റ𝜏𝑛𝑒𝑡 =  𝑇𝐿𝑠𝑖𝑛𝜃 − 𝐹𝑔

𝐿

2
− 𝐹𝑔𝑥 = 0

෍ റ𝐹𝑥 =  − 𝑇𝑐𝑜𝑠𝜃 + 𝑛 = 0

෍ റ𝐹𝑦 =  𝑇𝑠𝑖𝑛𝜃 + 𝑓 − 2𝐹𝑔 = 𝑇𝑠𝑖𝑛𝜃 + 0.5𝑛 − 2𝐹𝑔 = 0

0.5𝑇(𝑠𝑖𝑛𝜃 + 0.5𝑐𝑜𝑠𝜃) = 𝐹𝑔

(𝑠𝑖𝑛𝜃 + 0.5𝑐𝑜𝑠𝜃)(0.5𝐿 + 𝑥) = 2𝐿𝑠𝑖𝑛𝜃

𝐹𝑔

𝑇
𝑛

റ𝑓



A uniform plank of length 2.00 m and mass 30.0 kg is supported by three ropes as indicated 

by the blue vectors in the figure below. Find the tension in each rope when a 700 N person 

is d = 0.5 m from the left end.

(A) T1 = 500 N, T2 = 672 N, T3 =383 N

(B) T1 = 600 N, T2 = 869 N, T3 =482 N 

(C) T1 = 300 N, T2 = 875 N, T3 =755 N

(D) T1 = 400 N, T2 = 333 N, T3 =555 N

෍ റ𝜏𝑛𝑒𝑡 = − 700 𝑁 (0.5 𝑚) − 30.0 𝑘𝑔 𝑔(1.00 𝑚) + 𝑇1 2.00 𝑚 𝑠𝑖𝑛40° = 0
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• Meaning of density, and how it is measured 

• Meaning of pressure in a fluid, and how it is 

measured

• Buoyancy force, and how to calculate it

• Fluid flow

• Bernoulli’s equation, how to use it to relate 

pressure and flow speed at different points in 

certain types of flow.

Fluid mechanics



Density
• The density of a material is its mass per unit volume.

• For a homogeneous material:

• SI units of density is kg/m3. 

• Object made of the same material have the same density even 

though they may have different masses and different volumes

• Specific gravity: the density compared to that of water at 4 C 





How much does the air in a room with a 4.0 m  5.0 m floor and a ceiling 3.0 

m high weight? 

(A). 72 kg.

(B). 705 N. 

(C). 120 N. 

(D). 25 kg.

Example: Density

𝑊 = 𝑚𝑔 = 𝜌𝑉𝑔

= 1.2
𝑘𝑔

𝑚3
4.0 × 5.0 × 3.0 𝑚3 × 9.8 = 705 𝑁
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