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1 Math

:

• Approximations: A function can be approximated by its Taylor series:

f(x) = f(x0) + (x− x0)f
′(x0) +

(x− x0)
2

2
f ′′(x0) +O((x− x0)

3)

Where O(xn) denotes an error term that grows at most as fast as xn. Some important
examples to know:

(1 + x)n ≈ 1 + nx

sinx ≈ x+ x3/3! +O(x5) ≈ x+O(x3)

cosx ≈ 1− x2/2 +O(x4) ≈ 1 +O(x2)

ex ≈ x+O(x2)

• Limiting cases: Think of extreme cases of a situation/formula to determine if it’s
physically realistic. For example, we know the range of a projectile is 0 if our launch
angle is 0° or 90°, so we can remember that the range is proportional to sin 2θ.

• Estimation: Estimate quantities to the nearest order of magnitude see if a value
is realistic, e.g. let g = 10, the height of a human be 1 meter, a cow be spherical.
Computed values should make sense physically. A velocity shouldn’t be faster than
the speed of light. A temperature shouldn’t be below 0 Kelvin.

• Error propagation: During experiments, we can’t perfectly measure a value, so we
associate an error with the measurement: x±∆x. We define absolute uncertainty as
∆x and relative uncertainty as ∆x

x

Combining errors: Let us have two measurements x±∆x and x±∆y.

∆(ax) = a∆x

∆(x+ y) = ∆(x− y) =
√
(∆x)2 + (∆y)2

∆(xy)

xy
=

∆(x/y)

x/y
=

√
(
∆x

x
)2 + (

∆y

y
)2

∆(xa)

xa
= |a|∆x

x

∆f(x, y, z) =

√
(
∂f

∂x
∆x)2 + (

∂f

∂y
∆y)2 + (

∂f

∂z
∆z)2
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2 DIMENSIONAL ANALYSIS

2 Dimensional Analysis

:

• Dimensions should match on both sides of a physical equation.

• Some dimensions include: length (L), mass (M), time (T), charge (Q)

• Example: d = vt [d] = L, [v] = L/T , t = T .

• Can’t necessarily tell what is right, but can tell what must be wrong

• Ex. Is the period of a pendulum proportional to
√

l/g or
√

g/l?

Practice Problems

A mass m moving at speed v collides elastically with a mass M. Derive the expressions for
their velocities after the collision using limiting cases.
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