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Counter Variables orHw 1)

, . # Define a counter
e For Conway’s game of life X = 0

if (condition1):

X =X + 1
elif (condition2):

# don’t do anything
elif (condition3):

X =X + 1
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Base systems

Decimal, binary and hexadecimal



Base Systems

The decimal system The binary system
DigitsrunfromOto 9 DigitsrunfromOto 1
‘Base ten’ ‘Base two’
The smallest three-digit number is The smallest three-digit number is
10%1 = 100 2 90 = Iy

The hexadecimal system

DigitsrunfromOto 15. ‘Basesixteen’  ,a, Sym s

Invented new ‘digits’ [O,1,2,...,9,;A,B,C,D,E,I;] v 1 ), \\, 12, ‘3,“"/ 5

faN

The smallest three-digit number is

1631=256
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The place-value system

Reminder: »Cten
How do (decimal) numbers work?

(4
n=1
N“M%‘&I : ‘37 powers 010\0| 2 1 O — We )'\M,e 2,
one hundred andl thirhy - seven | digits i 137
o Sxo °© — how mMany
1377 Z’_:O powers of 10 .7
(O 3xf0
9 \x(02 1X‘02-+
1 — |0 > 00000
place your

N\umbes
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2
P
How binary numbers work
lelt's  wrife dewn o 3—&9”’ biﬂo’y aumber .

ol
l POW‘OFQ 2 1 Q

Oblol

W\J

Coovenbion foe bl'nawy
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6 + 0 = (é
How hexadecimal numbers work

Le’f.S weite a Q'Of/{‘ﬂi’l he,xw'ecimaﬂ /luMba

o oW\

2b

-Wpo—o
WP —-@

PoWC 110‘6| 2 :l_ O

TmonNn®> o...
NTwp =g -O

léoxt'D“
v+
16 x2
= futy-Five
N Ox2 D
‘ x5 =6 A
bxq + 1t ! Canventisa o
Mn&’lg W

e heyxadecimal.
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Converting between decimal, binary, and

hexadecimal numbers \
- Govert 12 fom decimad Ao binary .

- look  fer  closest power of 2.
Lty lies befweea 2 ond 2°

: SMCCQSS‘NQ(V olNche ‘oy 2 [il\*ﬁej o\i\n'Sian]
Divisign —»  quefient

3\ 37

thu’r Nemarnd lwwﬂa(erj
13 2 | L . least significot bik
6+92 - O
3 2 1
:L ) ﬂ_'- My sk s'fjm'}-;w,J bit
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Analog vs. Digital data



What does ‘digital’ actually mean?

“Osand 1’s”

Dictionary

Definitions from Oxford Languages - Learn more

@ dig-i-tal
/'dijedl/

adjective
adjective: digital
1. (of signals or data) expressed as series of the digits 0 and 1, typically represented by values of a
physical quantity such as voltage or magnetic polarization.
e relating to, using, or storing data or information in the form of digital signals.
"digital TV"
involving or relating to the use of computer technology.
"the digital revolution”

2. (of a clock or watch) showing the time by means of displayed digits rather than hands or a pointer.

3. relating to a finger or fingers.

Origin
LATIN LATIN
digitus digitalis digital

late 15th century: from Latin digitalis, from digitus ‘finger, toe’.

Use over time for: digital
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Examples of digital signals

https://morsecode.world/internation

al/translator.html

International Morse Code

1. The length of a dot is one unit.

2. A dash is three units.

3. The space between parts of the same letter is one unit.
4. The space between letters is three units.
5. The space between words is seven units.

——TITOmMmMQUOm>
o0 o0
1°.
11
I .oo
I

A
{

Lommeoe

M o =

N om o

O m m mm
Peoenmmme
Qmum mm ¢ mm
Remme
Seeoe

N<XXS<C
iil;..
I o

ONOUITRRWN R
o0 000
o000

o
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https://morsecode.world/international/translator.html
https://morsecode.world/international/translator.html

What does ‘analog’ mean?

“anything that’s not O'sand 1's “

Dictionary

Definitions from Oxford Languages - Learn more

@ an-a-log
/'anl 6g,'anl ag/

adjective
adjective: analogue; adjective: analog
relating to or using signals or information represented by a continuously variable physical quantity

such as spatial position, voltage, etc.
"analog signals"

» (of a clock or watch) showing the time by means of hands rather than displayed digits.

¢ not involving or relating to the use of computer technology, as a contrast to a digital counterpart.
"old-school analog paper map skills"

noun
noun: analogue; plural noun: analogues; noun: analog; plural noun: analogs
a person or thing seen as comparable to another.
"an interior analogue of the exterior world"

e CHEMISTRY
a compound with a molecular structure closely similar to that of another.
"thioacids are sulfur analogues of oxyacids"

Origin
GREEK GREEK FRENCH

analogos analogon analog

early 19th century (as noun): from French, from Greek analogon, neuter of analogos ‘proportionate’.

Use over time for: analog
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Examples of analog signals
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Analog & digital signals in Circuit Playground
Express— b|wefwt

e Most pins can serve as:
o Digital input
o Digital output
o Analoginput

o Special: NS

o Above + Analog output
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Closer look at digital vs analog



Download files

Zip file containing three * . py files:
e read_pinAl1_as_analog_input.py

e read_pinAl_as_analog_input_v2.py
e Sread_pinAl1_as_digital_input.py

Start with £his oue

O 5 https://emadmasroor.github.io/E21-F25/Resources/

ENGR 21 Fall 2025

Resources

e Resources
o External Guides and Tutorials

o Instructor’s Circuit Playground Guide for E21
= Switching on the Red LED

= Detecting state of Slide switch
= Using the Neopixels
= Reading the light sensor
= Reading raw data from the accelerometer
= Physical buttons A and B
= Temperature sensor
= Capacitive Touch
= Speaker
o Links and Code Snippets

‘» = Lec 2.1, Tue Sep 9
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Read pin A1 as digital input

Copy into your board’s code . py

file.

e Save; automatically runs
e TouchpinAl!

[ JON ] Mu 1.2.0 - code.py

e (4@ @)@ (@ (¢ |((w (=) (2) (o

untitled 3 codepy

1 from adafruit_circuitplaygrou

2 import time
3

4 for j in range(200):
print("Pin Al digital read:",cp\touch_Al)
print((int(cp.touch_Al),))
if cp.touch_Al:

i cp.pixels[3] =

WOy O

else:

CircuitPython REPL

PTn AL aigital read:

(0,)

Pin Al digital read:

(0,)

Pin Al digital read:

(0,)

Pin Al digital read:

(0,)

Pin Al digital read:

(0,)

Pin Al digital read:

(0,)

Pin Al digital read:

(0,)

Pin Al digital read:

(0,)

Pin Al digital read:

(0,)

Pin Al digital read:

()
|

cp.pixels[3] =
time.sleep(0.1)

import cp

(0,25,0)

(25,0,0)

ratse
False
False
False
False
False 0.50
False

0.25

False

False

0.00

from adafruit_circuitplayground import cp
import time

for j in range(200):
print("Pin A1 digital read:",cp.touch_A1)
print((int(cp.touch_A1),))
n if cp.touch_A1:
—% cp.pixels[3]
else:
— cp.pixels[3]
time.sleep(0.1)

(0,25,0)

(25,0,0)

file:
read_pinA1_as_digital_input.py

L

False

CircuitPython * o
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Read pin A1 as analog input

. , import board
e Copyintoyourboard’'scode.py  import analogio

file import time

® Save;aUtomat|Cally runs pin_al = analogio.AnalogIn(board.A1)
e TouchpinAl!

eoe for j in range(500):
+ ) (2 R4 = = ? ! g " 2 o N g

L J W O 0O O E print("Pin A1 analog read:",pin_al.value
Mode | New Load Save | Serial | Plotter J| Zoom-in Zoom-out Theme | Check Tidy  Help Quit
code.py 2 read_pinA1_as_digital_input.py x inA1_as_analog_input.py 3¢ read_pinA1_as_analog_input_v2.py x p r int ( ( p in a1 Va 1 u e ) )

1 Admport board - ° !

2 dmport analogio g

= time.sleep(0.1)

4

5 pin_al = analogio.AnalogIn(board.A

6

7 for j 1in range(200):

8 print("Pin Al analog read:",pin_alfvalue)

9 print((pin_al.value,))

10 time.sleep(0.1)

file:
l1ie.
d_pinA1 1 1 t
read_pinA1_as_analog_input.py

CircuitPython REPL CircuitPython Plotter
el s =
(28598,)
Pin Al analog read: 26278 65536
(28566,)
Pin Al analog read: 26326 49152
(28791,)
Pin Al analog read: 26502 p—
(28695,)
Pin Al analog read: 26278
(28358,) 16384
Pin Al analog read: 25174
(28102,) 0
Pin Al analog read: 25238
( v

Circuitpython il L ENGR 21 Fall 2025
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Two different ways to use pins e.g. A1

The same underlying information can be used to
create an analog or digital signal!

— \

e Packages: e Packages:
o import board o from adafruit_circuitplayground import cp
o import analogio e High-level

o Low-level e Noaccessto “raw” reading

e Accessto “raw” reading e Digital

e Analog
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Thresholds for analog-to-digital conversion

A

CircuitPython Plotter

4000

3000

|

CircuitPython # a |

2000
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Read pin A1 as analog input and map to LED

# Write your code here :-)
import board

import analogio

import time

import neopixel

pin_al = analogio.AnalogIn(board.A1)
pixels = neopixel.NeoPixel(board.NEOPIXEL, 10,
auto_write=False)

for j in range(200):
print("Pin A1 analog read:",pin_al.value)
print((pin_al.value,))
mapped_brightness = 150
pixels[3] = (0,mapped_brightness,0)
pixels.show()
time.sleep(0.1)

file:
read_pinA1_as_analog_input_v2.py
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