
Statics



For problems on statics:
- Write down the condition of force balance for the x-, y-, 
and z- components

- The condition of torque balance must be added



Idea 1
- Statics: We have to write down the condition of force 
balance for the x, y, and z components. The condition of 
torque balance must be added

- Choose optimal axes to zero as many projections of 
forces as possible

- Zero the projections of forces we do not know and are 
not interested in



Idea 2
For the torque balance equation, choose a pivot point 
that zeroes as many moment arms as possible.

Idea 3
Two-dimensional system:

- Two equations per body for the forces

- One equation per for the torques



Fact 1
On an inclined surface, slipping will start when the slop 
angle α fulfills tan α = μ.

mgsin α = μmgcos α

tan α =μ

α







Idea 4
Sometimes it is useful to consider a system of multiple 
bodies as one and write the equations for the forces and 
torques for the whole system.







Fact 2
If forces are applied only to two point of a rod and the 
fixture of the rod is not rigid, then the tension force in 
the rod is directed along the red.

Idea K5
Some extrema are easier to find without using 
derivatives.







Idea 5
Force balance can be resolved vectorially without 
projecting anything onto axes.

Fact 3
If a body is on the verge of slipping, then the sum of the 
friction force and the reaction force is angled by arctan μ
from the surface normal.







Idea 6
- Many problems become very easy in a non-inertial 
translationally moving reference frame

- Re-establish Newton’s laws by imagining every body with 
mass m is additionally acted on by an inertial force -m Ԧ𝑎
where Ԧ𝑎 is the acceleration of the frame of reference

Idea 7
The net of the inertial and gravitational forces is usable as 
an effective gravitational force.







Idea 8
A rotating frame of reference may be used by adding a 
centrifugal force mω2𝑅 and a Coriolis force.

Coriolis force is unimportant:

- For a body standing still or moving parallel to the axis of 
rotation in a rotating frame of reference

- For energy conservation



Idea 9
In the case of three-dimensional geometry, consider two-
dimensional sections. It is good if all interesting objects 
lie on one section.







Idea 10
If a body has to move with a constant velocity, then the 
problem is about statics.

Fact 4
- If a body in equilibrium is acted on by 3 forces at three 
separate points, then their lines of action intersect at one 
point

- If there are only two points of action, then the 
corresponding lines coincide



Fact 5
The friction force acting on a given point is always 
antiparallel to the velocity of the point in the frame of 
reference of the body causing the friction.



Fact 6: Thales’ theorem
- A right angle is subtended by a semicircle

- An inscribed angle in radians equals half of the ratio 
between its arc-length and radius







Idea 11
In stable equilibrium the potential energy of a body is 
minimum.







Idea 12
- Friction can block movement. In such a case, all forces 
become negligible except for the friction force, reaction 
force and the externally applied force that tries to make 
the system move

- Gravitational forces are fixed, but the other forces 
become larger the harder we push or pull







Method 1: Virtual Displacement
Imagine that we are able to change the length of the 
string or rod the tension in which is searched for by an 
infinitesimal amount Δx.

- Equate the work TΔx by the change ΔΠ of the potential 
energy: T = ΔΠ/Δx







Fact 7
The tension in a freely hanging string is directed along 
the tangent to the string.



Idea 13
Consider a piece of string separately and think about the 
balance of component forces acting onto it.

Fact 8
The horizontal component of the tension in a massive 
string is constant.







Idea 14
If the weight of a hanging part of a rope is much less than 
its tension, then the curvature of the rope is small and its 
horizontal mass distribution can quite accurately be 
regarded as constant.







Idea 15
Presume that the system deviates a little from the 
equilibrium and find the direction of the appearing force 
torque.

- Compute approximately, an approximation linear in 
deviation is enough



Idea 16
Use formulas of approximate calculation.

f(x + Δx) ≈ f(x) + f’(x)Δx [+f’’(x)
Δx2

2
]

(x + Δx)(y + Δy) ≈ xy + xΔy + yΔx



Idea 17
The equilibrium x = y = 0 of a system having two degrees 
of freedom is stable if and only if the potential energy 
Π(x, y), when viewed as a one-variable function Π(x, kx), 
has a minimum for all real constants k.







Idea 18
The torque acting on a body placed into a liquid is equal 
to the torque from buoyancy, if we take this force to be 
acting on the center of mass of the displaced liquid.



Idea 19
In order to achieve a more symmetric configuration or to 
make the situation simpler in some other way, it is 
sometimes useful to represent a region with zero value of 
some quantity as a superposition of two regions with 
opposite signs of the same quantity.

Idea 20
Make the problem as symmetric as possible.







Idea 21
If water starts flowing out from under an upside down 
container, the normal force must have vanished between 
the table and the edge of the container.

The force acting on the system (container and liquid) 
from the table is equal solely to the force from 
hydrostatic pressure given by pS.

p – pressure of the liquid near tabletop

S – area of the container’s open side







Idea 22
If the system changes at high frequency, then it is often 
practical to use time-averaged values 𝑋 instead of 
detailed calculations.

In complicated situations a high-frequency component ෨𝑋
might have to included:

X = 𝑋 + ෨𝑋



Method 2: Perturbation
If the impact of some force on a body’s motion can be 
assumed to be small, then solve the problem in multiple 
phases.

- Find the motion of the body in the absence of that 
force (zeroth approximation)

- Pretend that the body is moving just as found in the 
first phases, but there is this small force acting on it

- Look at what correction has to be made due to that 
force (first correction)







Idea 23
The surface of a liquid in equilibrium takes an 
equipotential shape.

Energies of its constituent particles are the same at every 
point off the surface.

Idea 24
Gravitational potentials can be calculated exactly in the 
same way as electrostatic potentials.







Idea 25

If we transform into a rotating frame of reference, then 
we can add angular velocities about instantaneous axes 
of rotation in the same way as we usually add velocities.

Idea K5
Arbitrary motion of a rigid body can be considered as 
rotation about an instantaneous center of rotation.



Method 3: Differential Calculus
- Divide the object into infinitesimally small bits or the 
process into infinitesimally short periods.

- If necessary, these quantities may be summed over all 
bits - integration







Idea 26
Try to determine the region of space where forces (or 
torques) cancel at pairs of points.







Idea 27
When solving three-dimensional problems, sometimes 
calculating coordinates in appropriately chosen axes and 
applying formulas of spatial rotations can be of use.







Idea 28
Unfolding a three-dimensional object and looking at its 
surfaces in the same plane can assist in solving problems, 
among other things it helps find shortest distances.







Idea 29
If more fixing elements than necessary have been used to 
keep a body in static equilibrium (more than the number 
of degrees of freedom) and fixing elements are 
absolutely rigid, then tensions in the elements cannot be 
determined.

In order to make it possible, the elements have to be 
considered elastic (able to deform).

“Wire” hints at large stiffness, i.e. deformations are small






