
Dynamics I
Motion along a line



Weight

The earth pulls all objects towards its centre.

The force is its weight, Fgrav, or w. It depends on

1.  m, the object’s mass (doesn’t depend on location)

2.  g(r), the gravitational strength where it is

Fgrav = m g(r)

Thus if we know g(r) at a location X and we know 
m of an object at Y, we can predict the object’s 
weight at X.

m
g(Y)

g(X)



g at different places 

g is not uniform because earth is not spherical and it rotates



How scales weigh

A scale reads 
the magnitude 
of the normal 
force.

mg

Fn = -mg

equilibrium

scale pushes up on feet

feet push down on scale

equilibrium



Scales in 
elevator

If an elevator 
acceleration is 
upward, the 
scale reads 
more.

Apparent 
weight is 
m(g+a)

mg

Fn = m(–g+a)

a

Note on conventions:
g is 9.8 m/s2

g is 9.8 m/s2, down
–g is 9.8 m/s2, up

a is up or down, look at the arrow

not equilibrium



Scales in 
elevator

If an elevator 
acceleration is 
downward, the 
scale reads 
less.

Apparent 
weight is 
m(g–a). mg

Fn = -m(–g+a)

a
not equilibrium



Free Fall

If an elevator 
is in free fall.

Apparent 
weight is 0.

0

Fn = -m(–g+g) = 0

g
not equilibrium

Our friend is weightless!



Static Friction

fs max = µsn = µs mg

for rubber on concrete
µs is about 1



kinetic Friction

fk = µkn = µk mg

for rubber on concrete
µk is about 0.8



Static Friction • Kinetic Friction



Drag
Not your normal force!
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where a constant of proportionality ! (eta) can be introduced.  The shear stress " between any
two thin sheets of fluid can be expressed as

  
" =

F

A
= !

dv

dy
(2)

Equation 1 is commonly referred to as Newton's equation of viscosity and serves to define the
coefficient of viscosity !.

Viscosity Dimensions and Units - The dimensions of viscosity are force per unit area divided by
velocity gradient as in Eq. 1.  In the MKS system the unit of viscosity is Ns/m2 whereas in the
CGS system the unit of viscosity is the poise (1 poise = 1dyne-sec/cm2).  Handbooks commonly
quote viscosity in centipoise (1 cp = 0.01 poise) which is a very convenient unit of viscosity
because the viscosity of water at 20oC is one centipoise.

The motion of spheres in viscous fluids (laminar flow) - In principle, the force F required to drag
a sphere of radius r at velocity v  through a fluid of viscosity ! can be calculated.  Since the
derivation is beyond the scope of this lab, we simply quote the result as :

    F = 6#r!v (3)

Equation 3 is known as Stokes' Law and is valid only for laminar flow, where the flow of the
fluid can be treated as consisting of layers, each layer having a well defined velocity. Laminar
flow around an airfoil is illustrated in Fig. 2a. Turbulent (non-laminar) flow is illustrated in
Fig. 2b.

  

Figure 2 (a) Laminar flow (b) Turbulent flow

Pictures from Shape and Flow by Ascher Shapiro , Science Study Series #S21.

A sphere of density $s falling in a stationary fluid of density $l is "dragged" downwards by a
gravitational force given by

    
F =

4

3
#r3 g $s %$l( ) (4)

where g is the acceleration of gravity.  Combining Eqs. 3 and 4, we obtain an expression for the
terminal velocity of the sphere

D ⋲ k v D ⋲ k v2

in air: D ⋲ ¼ Av2



Terminal Speed
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