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CRAFTING MATERIAL INTERFACES



SENSORS



SWITCHES



sensing continuity/connectedness



“Continuity”: conductivity, connectedness
is point A connected to point B? is this material conductive?





BA

are points A and B connected?

signal in signal out



BA

voltage in voltage out

are points A and B connected?



BA

voltage in voltage out

are points A and B connected?



BA

voltage in voltage out?



BA

voltage in voltage out

ground (0V)



BA

voltage in +5V voltage out



BA

voltage outvoltage in +5V



BA

voltage outvoltage in +5V



BA

voltage out

VCC
+5V



BA

voltage out

VCC
+5V



RESISTIVE SENSORS



sensing change in 
electrical resistance



Resistance
How conductive is this material?

measured in OhmsƱ





resistance

               x1
kilo          x1,000           K
mega      x1,000,000    M
Ʊ
Ʊ
Ʊ



BA

voltage in voltage out

what is the resistance between point A and point B?



BA

voltage out

VCC
+5V

what is the resistance between point A and point B?



BA

voltage out

VCC
+5V

what is the resistance between point A and point B?



BA

voltage out

VCC
+5V

what is the resistance between point A and point B?



CAPACITIVE SENSORS



sensing change in 
electrical charge



Capacitance
The ability of a capacitor to store energy

measured in Farads (1 Farad = 1coulomb/1Volt)



What is a capacitor?

The capacitor may be characterized by q, the magnitude of charge on either
conductor, shown in Fig. 3.4a, and by V, the positive potential difference between
the conductors. It should be noted that q is not a net charge on the capacitor, which
is zero. Further, V is not the potential of either plate, but the potential difference
between them. The ratio of charge to voltage is constant for each capacitor:

q

V
¼ C: (3.17)

This fixed ratio, C, is called the capacitance of the capacitor. Its value depends
on the shapes and relative position of the plates. The ratio C also depends on the
medium in which the plates are immersed. Note, that C is always positive since we
use the same sign for both q and V. The SI unit for capacitance is 1 farad ¼ 1
coulomb/volt, which is represented by the abbreviation F. A farad is a very large
capacitance, hence, in practice submultiples of the farad are generally used:

When connected into an electronic circuit, capacitance may be represented as a
“complex resistance”:

V

i
¼ " 1

joC
: (3.18)

Fig. 3.4 Electric charge and voltage define capacitance between two objects (a); parallel-plate
capacitor (b)

1 picofarad (pF) ¼ 10–12 F
1 nanofarad (nF) ¼ 10–9 F
1 microfarad (mF) ¼ 10–6 F

3.2 Capacitance 61

where j ¼
ffiffiffiffiffiffiffi
"1

p
and i is the sinusoidal current having a frequency of o, meaning

that the complex resistance of a capacitor drops at higher frequencies. This is called
Ohm’s law for the capacitor. The minus sign and complex argument indicate that
the voltage across the capacitor lags by 90# behind the current.

Capacitance is a very useful physical phenomenon in a sensor designer’s tool-
box. It can be successfully applied to measure distance, area, volume, pressure,
force, chemical composition, etc. The following background establishes fundamen-
tal properties of the capacitor and gives some useful equations. Figure 3.4b shows a
parallel-plate capacitor in which the conductors take the form of two plane parallel
plates of area A separated by a distance d. If d is much smaller that the plate
dimensions, the electric field between the plates will be uniform, which means that
the field lines (lines of force f ) will be parallel and evenly spaced. The laws of
electromagnetism requires that there be some “fringing” of the lines at the edges of
the plates, but for small enough d, we can neglect it for our present purpose.

3.2.1 Capacitor

To calculate the capacitance we must relate V, the potential difference between the
plates, to q, the capacitor charge (3.17)

C ¼ q

V
: (3.19)

Alternatively, the capacitance of a flat capacitor in vacuum can be found from

C ¼ e0A
d

: (3.20)

In a capacitive sensor, the value of capacitance is the measure of a stimulus, so to
change the capacitance, the stimulus needs to change one of the parameters that
define the capacitance. These parameters are established by the key formula (3.20).
It establishes a relationship between the plate area and distance between the plates.
Varying one of them will change the capacitor’s value, which can be measured
quite accurately by an appropriate circuit. It should be noted that the above
equations hold only for capacitors of the parallel type. A change in geometry will
require modified formulas. A ratio, A/d, may be called a geometry factor for a
parallel-plate capacitor.

A cylindrical capacitor, which is shown in Fig. 3.5a, consists of two coaxial
cylinders of radii a and b, and length l. For the case when l $ b, we can ignore
fringing effects and calculate capacitance from the following formula

C ¼ 2pe0l
ln b

a

: (3.21)
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Making a capacitive sensor

plate 1

plate 2



BA
signal in

measure voltage and time

how much time does it take B to discharge?

for more on how this works see: http://en.wikipedia.org/wiki/RC_circuit



intro to Arduino w/ Dave & Sam

Thursday at 1pm in the HLT lab


