Starter Circuit Kit




Component Description

Resistors Variable Resistors
Value 470 Q 1kQ 10k Q 100k Q | 270k Q Potentiometer (POT) Photoresistor
P
Yellow | (& Brown | & Brown | € Brown Red || @ (S
Purple Black Black Black Purple
Brown Red Orange | B Yellow Yelow| |®
Gold Gold Gold Gold Gold | | >
Symbol @ ® | 24
@ olor 1 - Tens Digit (Yellow = 4) Value = TN x 10¥ @ @
Color 2 - oNes Digit (Violet = 7) = 47 x 101 Increased darkness
Color 3 - Multiplier (Brown = 1) _ Change resistance from | . .
. Color 4 - Tolerance (Gold=t5%, Silver=110%) = 470 Q center (2) to either edge mclze‘?.‘s‘has reSIT(tgnce.
(1 or 3) by turning the Full Light = 16
m 3 4 . n 8 @ top screw (0Q to 50kQ). | Full Dark = 30kQ

Button Switch
Can disconnect or connect the path of

Battery Pack

Provides 4.5 volts

Capacitors
Can absorb energy

1l 4

to the circuit. and store it electrical flow in a circuit. Q.
temporarily. 4

Red wire = (+_* | - '| Provides electricity 104 — 100 nF —I— M\

Black wire = (-) | like a battery. -0 Oo— A \ ¢
226 — 22 uF /

Diode anode cathode | LED + Z ) 31 . RGB LED —k=

Electricity flows only + - » Works just like E \l\

ariow - rom anode (1) Pl | criins Putwith three %

h 2). Black i A diode that emits light ; = ,
':)onc;gdoedi(-:;(tge C:gwér;e — when electricity flows - + - | internal colors - |\ ®
' through it. blue red | red, green, and blue. we
Buzzer Speaker

Makes a wide variety of sounds
based on the electric signals
provided to the leads.

Will not buzz with just a voltage.

Makes a buzzing sound
when a voltage is applied
across the leads.

M ¢

Transistor - (2N3904 NPN) ' c | 7 Segment Display I

Allows current to flow from the v Displays numbers or letters EE["E"]

collector (C) to the emitter (E) B by lighting up a combination :F[EDE] ‘
when voltage is applied to C/. of light segments, based on 3 «—v% "

base (B) driving B> E current. g 'E E | voltage received at the pins. .

Chip/IC Labeling 555 Timer 4017 Decade Counter | 4511 BCD - to- 7 Segment
The r;o:]ch rrr:.arks the | ich | The 555 chip Iifrlguigltz Eghpn?llz\;\;se . Latch Decoder :
top ot the chip. creates “¥ : P The 4511 makes
The dot on the upper repeating pulses (like from a 555) from 1 to ‘

left is next to pin 1. of electricity. It is 10 like we dol! the 7 Segment

! Display (above)

2 used to flash o 7 s
Pins are numbered —J; LEDs, make j ) : ShOV\tl)the_ correct
counterclockwise : sounds, run o< 555 b ‘ number in
starting in the upper— clocks, and i} b response to a
left-hand corner. morel 4-bit binary input.
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Overview - Welcome

Welcome to your Starter Circuit Kit!

The kit has everything needed (and more!)
to build everything described in this manual.

Each circuit builds on what you learn In
previous lessons so build them in order.

It's okay to make mistakes
and break things!
You have lots of extra
parts to play with, so go
ahead and dream of the
possibilities!

Have an
electrifyingly
great time!
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Overview - What's in your Kit?

These are ALL the Parts in your Kit!

Line

~N o 0o b~ W N

(0]

10
11
12
13

14
15
16
17
18
19

20
21
22

23
24

25

26

27
28
29
30
31
32

Part

Capacitors
0.1uF / 100nF Capacitor
22 yF Capacitor

Resistors

470 Ohm Resistor
1k Ohm Resistor
10k Ohm Resistor
100k Ohm Resistor
270k Ohm Resistor

Variable Resistors
0-50k Trimmer Potentiometer
16-33K Ohm Photoresistor (Photocell)

LEDs

LED RGB Clear Common Cathode
LED RGB Diffused Common Cathode
LED Blue Clear
LED Red Diffused

Various Discrete Parts

Diode

Push Button Switch

7 Segment LED Display
NPN Transistor

Active Buzzer

Piezo Buzzer Transducer (Speaker)

Integrated Circuits (ICs / Chips)

555 Timer
4017 Decade Counter
4511 BCD to 7 Segment Latch Decoder

Main Parts

Breadboard
AAA Battery Case

65 piece male to male jumper wires
various colors and lengths

140 piece male to male solid core jumper
wires, various colors and lengths, in box

Tools

Phillips Screwdriver
Flat Head Screwdriver

4.5-inch Needle nose pliers
Multi-Meter with 9V 6F22 Li-ion Battery
Batteries (AAA

Box
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Y you do not have to
: purchase our kit to
. do any of the
EE Projew in this

I I S e N

= manval.

Here is a
list of

we provide in our
kit as well as links
to the electronic
components if you
want to buy them
on Yyour own.



https://www.digikey.com/en/products/detail/kemet/C322C104M5U5TA7301/3725993
https://www.digikey.com/en/products/detail/murata-electronics/RDEC71E226K3S1H03A/4906188
https://www.digikey.com/en/products/detail/yageo/CFR-25JB-52-470R/2211
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/CF14JT1K00/1741314
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/CF14JT10K0/1741265
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/CFM14JT100K/1742059
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/CF14JT270K/1741364
https://www.digikey.com/en/products/detail/nidec-copal-electronics/CT6EP503/738315
https://www.digikey.com/en/products/detail/advanced-photonix/PDV-P8103/480610
https://www.digikey.com/en/products/detail/nte-electronics-inc/NTE30155/11646156
https://www.digikey.com/en/products/detail/liteon/LTL1BEKVJNN/3198398
https://www.digikey.com/en/products/detail/creeled-inc/C503B-BCN-CV0Z0462/2341542
https://www.digikey.com/en/products/detail/american-opto-plus-led/L513SRD-B/13556894
https://www.digikey.com/en/products/detail/onsemi/1N4148TR/458811
https://www.digikey.com/en/products/detail/te-connectivity-alcoswitch-switches/1825910-6/1632536
https://www.digikey.com/en/products/detail/sunled/XDMR14C-1/13682272
https://www.digikey.com/en/products/detail/onsemi/2N3904BU/1413?s=N4IgTCBcDa4HIGYCcAGALAMQMoFo4BEQBdAXyA
https://www.digikey.com/en/products/detail/pui-audio-inc/AI-1440-TWT-24V-3-R/13165931
https://www.digikey.com/en/products/detail/murata-electronics/PKM13EPYH4000-A0/9859281
https://www.digikey.com/en/products/detail/texas-instruments/CD4511BE/67341
https://www.digikey.com/en/products/detail/texas-instruments/CD4017BE/67253
https://www.alibaba.com/product-detail/Cd4503be-Cd4511be-Cd4518be-Cd4543be-Shenzhen-CXCW_60289555260.html
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Overview - Understanding the Breadboard

/ . . \
, Use my ‘Power Rails’ to make |
. |
|
' connections on the breadboard
1 On the breadboard, the holes in the red and blue
I vertical columns are all connected. These columns are
I called Power Rails. Use the red Power Rail to connect
I your circuit to battery power (+) and the blue Power Rail :
I to connect the circuit to the ground (-) end. Remember, ,
I the Power Rails on the right and left are not connected I
\ together, unless you connect them with a jumper wire!
A N e e e e e e e e e e M Y M Y M Y - 7’
o aEaE g LI EES 2 e N
RN i s ‘ Note: The terms “power” and |
"I'l Feisss)l swwun: |8° ‘ground” are used to describe the |
| - : iw . t - kl COCRPRTRIE A B e positive (+) and negative (-) I
iy - :' " a\s s 0 &wwwwd ] | terminals of the battery. If you use |
«|«{ ;.. Holesin ! . | =|=|| 1 therails as described, then the red |
|
; s = each row are 7 | |, I would be power, and the blue l
"I Saam 0 8 \ would be ground.
1"l sa« connected o [ "Il ~_____________ 7
o i Ne @ @« a = 1 s w10 ol o
o s 11IIIII%‘J- mom m il o i - - - - -=-=-=-=-=-=-=== S
"Nl cmEmans = “I"ll [  The breadboard connects all the !
o Preeee b wEaeEh | LM 1 components in the circuit together. !
- Red “+” colurmn holes :‘: «|all 1 The highlighted areas indicate how !
L connected down & | = I the rows are connected as well as :
. 17 Gl ! the Power Rail columns.
wlw o I =)= N e __/
Blue “-” column holes "
vl geu mm Em o o E . . . . . . —_—
vln connected down R [ Note: More than one !
. ) : : : breadboard can be connected :
10| Bemmna CCICRCRE T B | togetherto create alarger |
A ERED TEREEA - . area to build circuits! ]
_________________ N\ -_—ee e e e Em e e o e o =
The powerrails ! @ = = = = = = — — — — — — — -
are not The letters and numbers

powered until
connected to a

1 ! \

| I |

I : on the breadboard are for |

|

power source : \ )

reference only.
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Overview - Types of Jumper Wires

| Jumper Wires vs Solid Core Wires |

Jumper Wires and the
Solid Core Wires function
the same way!

Jumper wires allow any
two points in a circuit to
be easily connected. But
when there are many
connections in a circuit it
can sometimes be
difficult to see through
the tangle of wires to
troubleshoot a circuit. /'

,/ Solid core wires lay flat and can
make it easier to see the
connections in a circuit when there
are many connections. Short wires
can be used to connect
components located near one
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Overview - Understanding Multimeters pt.1

A multimeter is a
handheld electronic
measuring tool that is
used to test and
measure various
electrical properties,
most commonly
continuity, resistance,

- O I I I S S B B B e ey

' and voltage. /
0 ' ' Your digital |
Display ' ' multimeter |
| consists of five |
. main parts. |

DT-830D 1000VDC

|TAL 200mAmax
DIG com 4

MULTIMETER = 500V max
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Overview - Understanding Multimeters pt. 2

Testing Continuity -—-===~
/

Continuity means two points
have zero or close to zero :
resistance between them. I

The multimeter will make an I

audible beep if two points are :

|
|
|
I

|
|
|
|
|
|
!

“‘continuous”. If the connection
is a broken electrical path or
has resistance, the multimeter

will not make a sound. This
indicates no continuity. /

Measuring DC Voltage [ -
\

/ DCV stands for Direct Current
Voltage and when the dial is

positioned in this area, it allows the
measurement of voltage drop across
any component, such as a battery,

resistor, or LED. To measure DC
Voltage, place the leads on the two

points to be tested. The voltage
difference will be displayed on the

\ multimeter in volts (V).

- o o e e e . ———

Measuring Resistance IEEEEEag

/" The Ohm (Q) setting on a multimeter
is used to determine resistance: the
measure of a material's opposition to

electrical current flow. To measure
resistance on a multimeter, connect
the leads of the multimeter across
the two points where the resistance
Is to be measured. The multimeter
then calculates the resistance and
displays the result in
\ ohms (Q) on the screen.

7’

—e o o o e o e e E—
- e e e o o e o o =
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Level | Learning Expectations

After completing Level 1 students will be able to:

4
a

Build a circuit with a variety of components. % <

|dentify the diagram symbols for a battery, LED, &
resistor, push button switch, and a potentiometer w
(POT). S Q

Recognize the parts of a breadboard and explain how it
works.

Correctly connect the plus (+) and minus (-) of a
battery pack to a circuit using a breadboard.

Visualize how to build the same circuit in multiple ways
as long as components and battery pack are
connected in the same order.

|dentify which leg of the LED is the anode (+)
and which is the cathode (-) as well as which
leg should be connected to power.

Know how to test if an object is conductive (allows
electricity to flow through it).

ldentify a resistor and how changing the resistance
value affects the brightness of an LED circuit.

Understand how a button switch
controls the flow of electricity in a circuit.

STARTER CIRCLIT KIT — BUILD GLIDE



1.1 Basic LED Circuit, pt. |

Turn the battery on to make the LED light vp |
LED 4700 P
1 Blue or Red Resistor
4700 __—‘WV El:
+4 5V Resistor +4.5V "—
Battery

Blue or Red

Battery T

This is where the \

battery is usually
connected.
We will only show
the red and black
battery connections
in future builds! /

4 If the LED
does not light
up, check if
the LED is in
backwards
and that the
battery is
turned on!

\_ J

The Short Leg on

the LED is called

the “cathode” and
it connects to
ground or (-)

The Long Leg on the LED is
called the “anode” and it
connects to power or (+)

STARTER CIRCLIT KIT — BUILD GLIDE

b cd Make sure to
e o o use a resistor
70 0 @ 4 like me, or
you could
O —
**1 — destroy the
¥ 9 +995 r— Yellow LED!
9 S 5 @& & @ . 9§ Purple
e o 6 @« @« o — 4 Brown ~
Gold
e @ 7 l
e @ [ ]
e @ L ]
[ ]
e @ 12 @ & o @ @
Try changing the
value of the resistor to
see what happens! '

SHLARE




1.1 Basic LED Circuit, pt. 2

| How Current Flows Through the Circuit |

The arrows indicate !
the flow of current
through the circuit.

. . L \
( Play around with making up your own way to connect this circuit! You can use as many I
I extra jumpers as you want. The resistor can go before or after the LED. And remember, |

I the Anode (+) side of the LED has to be closer to the power side of the battery. l
N e e e e e e e = = = = — o — — ———— —
o M —_—_—e_——_—_—_E—__—_—_E—__—————— N

— [ Both circuit drawings have the current |

' flowing though the components in the |

same order even though the I

|

|

components are in different places on

|
|
I\ the breadboard.

L]
P
e & & & & » @» (D
|
N

]
)
9
)
)
]
]
)
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1.2 Conduction Detector

| Touch the wire ends to different items to see if the LED lights up |

Connect objects

(
between points WARN | NG'
Aand B for testing Never plug anything

into a wall socket as
this could be deadly!

OBIECTS
TO TRY

Conductive
Non-
Condoctive

Paper Clips

-‘3.\ I\

Coin

\_

Pencil

Eraser :

/Z,

Try connecting \

470Q LED different objects

+4.5V = Resistor Blue or Red you have around
Batery the house between

T points A and B.

If the LED lights
up, the object is
conductive!

Remember that
this is where the
battery connects to
the breadboard.

: I d
Pay attention
to color 1 e
Il

You might also try
another resistor,
jumper wire, or a
diode. Be sure to
try the diode both
ways.

C d Create a data table
to record which
e o \items light the LEDJ
bands on the 2
side of the s s @
resistor to P l I ' - e o LEDs light up only
confirm you when current is
have the e o L o e o o flowing from the
right resistor long pin (+) to the
value. ® S > ¢ short pin (-)
© [5)
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1.3 Basic LED Circuit w/ Button Switch

Turn an LED on and off using a push button switch |
Button

Remember, my\ SZS&% ivg /
long leg is —AAN o o D|/
called the LED

anode (+) and ra 5y == Blue or Red

my short leg is Battery ——
called the
cathode (-) )

@ is not All @ pins

connect to

connected :
o @ all @ pins

N
The pins Whenthe |
labeled with the buttonis |
same numbers pressed all |
are always pins are .
connected to connected

|

each other. , together! p

Check the orientation
of the pushbutton
switch to make sure
connection is made
between the same

side pins. j

o What would happen if
e you change the order
o of the components?

Does it work?

STARTER CIRCLIT KIT — BUILD GLIDE 12 SHLUARE



1.4 Basic LED Circuit with Potentiometer (POT)

Use the potentiometer (POT) to adjust the brightness of LED |

Use your Phillips head
screwdriver to adjust the
resistance of the POT to

change the LED brightness.

r

-

-

Battery

+4.5V "=

LED

Blue or Red

o

470Q

Resistor

AN An

500

Potentiometer (POT)

Make sure one of your

In your kit you will find a Phillips
screwdriver that has a plus-shaped

connections is to the
middle pin of the POT.

STARTER CIRCLIT KIT — BUILD GLIDE

)

The POT is just like a
resistor that lets you
change the resistance
value! They are
sometimes called
variable resistors!

end to adjust the POT.

| Turning the POT one direction will brighten LED. The other direction will dim |
I the LED. The direction will depend on how you put the POT into the circuit. /I

E]

SHLARE



1.5 Basic LED Circuit with POT and Button Switch

Light up LED when button switch is pressed
and use the POT to adjust the brightness of LED

(- )

This circuit combines the
previous two circuits.

LED Button

Blue or Red Sswitch

470Q

Resistor

—ANAN— DI/ o oq| Simple circuits can be
+4.5V - l combined to create more
Battery —= i itel

AA A complex circuits! )
50Q) ror
(In this circuit,\

we are using *ll‘ abcde fgh
the button 1T @ @ @ o o e o o
. e o 2 @€ @ o o o e o o
e | [S= iy i
e o L @ @ @ ° e o o
diagonally, ® ¢ 500 OB ¢ ¢ o o
instead of o o 6o ¢ 06— o ¢ o o
jUSt on the ° o 70 0 0 & ¢ —
Same Slde e o 8 ©¢ @ e o o e o
e o 9 @ @ @ o o e o
\s N - e o Ve o o o o ° o
e o M e e o o o e o

21E22228 e Notice that

® 3 e @ @ o o ® 13

o e o o o g @ o‘ 1% the long leg

© 5 © @ ¢ @ ‘o e ¢ o o 15 of the LED is

* e o o® ©®5 ¢ ¢ ¢ o 6 connected to

the middle

Any color wires can be used to connect Ie%g‘_l'fhe

your circuits. Red wires are often used to :

connect to the power (+) and black wires
to indicate ground (-). This makes it easier
to see what is connected in a circuit.

)
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Level 2 Learning Expectations

After completing Level 2, students will be able to:

O Identify the diagram symbols for an RGB LED, a
transistor, a photoresistor, and a buzzer.

O Identify the legs of a common cathode RGB LED,
specifically the red anode (+), green anode (+),
blue anode (+), and the common cathode (-).

O Specify which legs of the RGB LED should be
connected to power to light up each color.

O Blend red, green, and blue colors from the RGB
LED using POTs to create different colors.

1 Recognize different ways to connect a button
switch in a circuit so it works.

U

Explain what a transistor is and how it works.

U

Understand how the amount of light changes the
resistance value in a photoresistors.

O Explain how to use a buzzer.

STARTER CIRCLIT KIT — BUILD GLIDE 15 SHLUARE



2.) Basic RGB LED Circuit

Connect different legs of the RGB LED to
make the colors red, green or blue

Each of the circuits @, @ and (D are the AP
same except for which leg of the RGB @
LED is connected to the resistor. 7
+| I— abcde G
J 1 ©@ @ © o o +
e o 2 0o © o o o '
= Jlj= o g o @
e o Il. e o l 2, © + +
o eupmmmmmp © O
e o 6 © © @ ¢ % -
o o 7 © © @ °
e The RGB LEDs
R A B provided in the kit
470Q J'I l : f, E f c.' f are called common
Resistor ¢ 2 Sl A O e cathode (-) LEDs.
=(lj= o g o o
sa5v = By @9 |49¢9 l ) This means the
Battery RGB b M e M6 B AL longest leg of the
LED : : : : : s RGB LED should
5 SRR be connected to

e ground ().
Ry 1'“ abcde The Red pin is by
- G, /7 ’ 199989 ¢ itself to one side of
Resistor 3’ | B A R the ground pin, and
AN = > W= o p o s Blue and Green
RGB e (1 el - pins are together
EiﬁiYy = LED : :_:-: : , % on the other side of
T s s 9 4 the longest pin.
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2.2 RGB LED Circuit with Button Switches

Push the button switches one at a time to make the RG8
LED light up red, green and/or blve

(3)470Q  (3) Button
Resistors Switches

T Z
NNN—o o D/L/ RGB LEDs can have power
I [ l: (+) attached to multiple
—W\V—o o ) anode pins (red, green,
e il ,
a5y == A\V\—o0 o© Dr' blue) at the same time.
Battery "=~ RGB LED
This circuit combines the three simple
RGB LED circuits from before into one
/ Check the orientation of\ circuit. The button switches turn on
the pushbutton switches. and off the flow of electricity to each of

pins that are diagonal

from one another or on o N
the same side, but not +II 1‘3?5‘1? i?fl’n ..
across from each otherj 29| 2099904 P2 |0
° e o %ﬁ\‘* °
e o L ®© © o o @ ° ° =7 /¢
e o 5 @ @« @ @ o L[] 5 e o
r N\ * o 6 ® o o o o . e 6 ° o
e= ]l = o o o ° 7 ° o
e o 8 @ o o o o ) e 8 e o
e o 9 ¢ e o o m e 9 e o
o o MMe © o o o e o e 10 o o
= 11 = e o @ ° e 11 e o
e o 12 @« @ @ o o e o e 12 e o
e o 13 e o e o Q ° e 13 e o
* o 14 @ © @ o o e o o e 14 * o
= 1 | = o o @ e o e 15 e o
e o 16 © @ o @ e o o e 16 e o
* o 17 @ @ o o u e o e 17 o o
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2.3 RGB LED Color Mixing Circuit

Adjust the three POTs connected to the RGB LED
to make new colors

(
(3) 50Q POTs HOW many
different
RGB LED

AI\A/\,J P colors can —

470Q 2 Y AA\T

1L you get”~ SO

MA—F¥4 :
—an—7T |—(>|L’
4700 ‘ =,

+4.5V — 470Q

Battery -|-

(Adjust the resistance of each\ .I |_ abocde P
POT to change the individual

red, green, and blue colors of | |+ . EE ; s SR
*BLED. :: co NG [

) : : 50 ¢ ¢ ¢ o

What colors can
you make?

O Purple

Q Yellow

0 Orange

0 Magenta

d Cyan

a ?

STARTER CIRCLIT KIT — BUILD GLIDE 18 SHLARE



2.4 Touch Enabled LED Circuit

| Touch each of the two wires to light the LED |

If the LED does not light up, try
wetting your fingers and try 4700 LED
touching A and B again. Resistor

Blue or Rt&//
ol s AAA"
@ 270KQ Collector
e @ Resistor
+4 5y =———

Battery —_— Transistor

T \

Touch Here

Emitter

Touching the circuit at points Q and
9 with your fingers will send
a very small amount of current to the

I
base of the transistor. The more current D Cﬁ‘ U.TION' . @
that the base receives, the more current 0 not tou_c wire @ to wire
will flow through the transistor. because it could overload the

transistor and cause it to burn out!

For our circuit, touching the ends of the
wires with your fingers makes the
transistor act like a switch to light up the
LED part of the circuit. If you wet your

fingers, the LED will shine brighter. (Be sure t_o plu_g\
the transistor in
so each pinis
= abcde in a separate
10 0 ¢ ¢ @ row of the Touching the
¢ o o o breadboard. circuit at points @
= P and @) with your
P p :. fingers sends a
[

little bit of current
through the human
body triggering the
transistor to open.

SHLARE
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2.5 Photoresistor LED Circuit

When the lights go out, the LED turns on |

LED (The two 10KQ resistors in
10K0Q Blue or Red this circuit are in series
S,Z\ (lined up), which means
N7 together they act the
10KQ

Resistor )
Transistor

%asa 20KQ resistor. )

4 )

+4.5V =
Battery

N .
The amount of light
present changes the
photoresistor’s
resistance! Our
photoresistor has more

resistance with no light. j
" With the flat end of the | \

transistor facing you,

Photoresistor

the emitter is to the left g .
dth I . abcde fFghi]
andt eco_ector IS to 10600 & 4 290 d 1
the r'ght- j omaamam—ies ¢ ¢ ' [} e & o o o ?
\ e o 3 e © @ — @ e © @ o o 3
e o Lo o o @ e o e o o 4
e o 5 e o o mm g e ¢ e o o 5
e o 6 @& @ ' l ® e ®© @ o o 6 k
o o 79 049 ¢ e e o o o 7 <
e o 8 @ e = e o e o o o o 8
e o 9 @ o™ 4 o e & o o o 9
e o 10 @ e l [} e o o o o 10
[} ® e o o o o 1
o o § o ¢ ¢ e o 012 (Coverthe\
o o f o ¢ ¢ 0o 0 o3 Photoresistor
If you have a * °1° ceees with your
nightlight at your * 1 *° 52 ° " | fingertolight
e * ST I * | upthe LED!
home, you will find a 4 293 o \_"P .
similar circuit to this ¢ 994 ® 99 98
one inside it! : * e :;2
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2.6 Photoresistor Alarm Circuit

| When the lights go on, the buzzer turnson |

)
N Double check the 1KQ
N colors on your resistor Resistor
Buzzer Brown
to make sure you Black
have the right value. Red
Photoresistor Gold
—
+4.5V —
Battery ™ Make sure the
Transistor transistor is
1KQ coqnected the
Resistor I’Ight Way

\

If you want to make the
circuit more sensitive to
light, replace the
resistor with a higher
resistance value.
J

flf you want to make
the circuit less
sensitive to light,
replace the resistor
with a lower
\ resistance value.

4I I— fghi)j = =
1 @ @ @ o o e o o o o e o

e o 2 e @ @ o o e @ o o o °

Buzzer pins have PR S, e——— ¢ ® ©
(+) and (-) pins. e o 4 @o e o o o °
V e o 5 e o o o e o o C °

e o 6 e o o o e o o e 6 e o

e o 7 ' e o o l e 7 e o

e o 8 @ uum® o © e 8 e o

e o 9 e : ° o& @ e e 9 e o

e o 0D e~ o o e o e 10 e o

° l e o o e e o o 1] e o

° e o o o o 12 e o

e o 13 e ¢ ¢ o o e o o 13 e o
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2.7 Water Detection Circuit

This circoit detects water (eaks

Make sure that the transistors are
connected correctly to each other
and to the other components.

Buzzer

—
+4.5V "—"
Battery  mmgm .
Transistor
Buzzers produce 270KQ
only one tone. Resistor
Transistor
)

+ - abcde Fghij +“— How
° o 1 e ¢ ¢ o o e e o o o1 much

. e e o o o 2 e o water

. e & o o o 3 e o does It
e o L o o @ o o b e=mmmmm——— e
e o 5 e e @ o o e o o 5 e o take to
o e 66 o o o @ 3 g e ek sound
e o 7 @ @ o o e o [ e o 7 the
o o 8 @ @ o o e 8 larm?
e o 9 e @ o o ‘ o= ll a :
e o 10V e o o o e 10
e o MNe e e o o e o n
e o 12 @ o o
e o 130 ¢ o o t e o 13 e o
e o hWe o @ o * o ===
e o 15 @ ¢ o o e o o o o 15 e o

If you build it like this, with the two
leads mounted under the breadboard,
it can be used under a sink as a leak

detector!
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Level 3 Learning Expectations

After completing Level 3, students will be able to:

O Identify the diagram symbols for capacitor, speaker,
diode, 555 Timer, 4017 Decade Counter, 4511 BCD-
to-7 Segment Decoder, and 7 Segment Display.

0 Understand how to find pin 1 on an integrated circuit
(IC) by locating the notch or the dot on the top of the
chip.

U

Find any pin number on any chip.

(

Connect chips on the breadboard to ensure all pins
are plugged into their own rows (are isolated).

O Differentiate between schematic diagrams and
pictures of chips/ICs.

et

O Tell the difference between the two similar looking
capacitors in the kit.

O Describe the basic functions of the following ICs:
O 555 Timer
O 4017 Decade Counter
0 4511 BCD to 7 Segment Display

0 Explain the differences between a speaker and
buzzer.

(

Flash an LED using a 555 Timer circuit.
Utilize a 4017 chip to turn on and off 10 LEDs.

Turn 4-bit inputs into decimal output (0-9 digits on
display) using a 4511 chip.

U

U
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3.1 On-Off LED with Two Button Switches

One switch triggers the LED to light vp and
the second switch triggers the LED to turn off

The 555 Timer on the schematic has the
pin numbers in a different order than they

are in reality. This was done to make it
10KQ 10KQ /N . . . .
Resistor > Resistor easier to draw the circuit diagram.
8 IC1 4
Vee Reset
—7 Discharge
10 8
4 555
Bz;i\r/y e N Trigger  Timer Output
Sk 7
.. Threshold 555
Ground Control
- o 3 6
LED
Button I'Io But.tonl_Io 22uF = XN
Switch g Switch g CapacitoT 4 5
The #1 pin on
( \ the 555 timer
The 555 Timer In this circuit, the power rails on either is always next
should be inserted side of the breadboard are connected to the dot on
across the center with red and black jumper wires. the chip and to
divider of the the left of the
breadboard to ‘ notch.
avoid connecting
the p'ns across I . o e 8 ¢ 8 8 8 e e 8 e e @ I ............. |
from one another + i I +

Onthechip_ - doeoer~roa2cn@zoeler g ARIRARI2R

\ —_— o e & ¢ & ¢ ° ¢ 0 ® 9 & @ ® @ @ ¢ & ¢ " " 0 0 —_—
— Y o e e & o ° ° " " ® @ @ @ ® ® © ° ° " o o —
e o e & ¢ © ° ¢ ° ¢ ° ° ’ ............. £
e o e & ¢ & ¢ * ¢ ¢ & ° 9 O U @ 9 ° " " " """ e o
—_— ol o o e ¢ o 5 0 08 e e s 0 0 8 0 0 8

. . .

o o o . oo e TT T T o ¢ o . " e e e ® e
ol o o e o
.

o e o e @ o ¢ o ® o ® 8 8 8 8 e 8 8 8 B e o= Ill-o ® O

°r :;;';I;::iZ;;:;;lllillllii;“’

Check the Wiring and —— devPodovsloeovvesePoelovvevele!

orientation of the 555 Timer i Y Y Y Y Y YT IYIYYY Y YW WYY YYY" +
on the breadboard.
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3.2 Blinking LED Circuit

Control how quickly the LED blinks
by adjusting the Potentiometer

1 The notch on the chip
identifies the top of the chip

1KQ

esistor 8 4 i i
Resist — to help you find pin 1.
Discharge
4700
555 Resistor /
+4.5V —_ 50KQ g Trigger Timer Output 3 'S °
Battery — PoT LED
2 7
g Threshoid 555
Ground Control 3 6
apr | 1 5
Capacitor ———— 4 5
:l:CEllp?:::ri]:or
The pins are numerically
+I I— abcde Fghij + - arranged counterclockwise
1 e ¢ ¢ @ @ P — from the tOp left pln
e o 2 @ ¢ @ o o e o o 2 e o
e o 3 6 0 0 o o e e\e o o 3 e o
e o L o © @ o ° e o &4 e o
ee| 560 e & e 11 = o 4 The 555 Timer puts out A
i ll b b | Ol BB e pulses that blink the LED.
e e e eI oblhaasllaa The POT controls the frequency of
oo 9000 oflees |ee the pulses making the LED blink
P 9I199.9:9.9°9 YR faster or slower
) e o o d b (10 conifemmmm= o k )
° e o b e e 12 e o
° ' BC K ef U e e 13 e o p—
— o o df o e o o 14 ° o =" N {
° : e o o ° l e e o 15 e o ’
e o e o o e o o 16 e o 4 2\:; g
e o $ o 0 0 e o o
e o e o o _———x
° o e o o o e ¢ o o o 19 e o
M N EAGEAE I Bk
e o 22 ¢ o o o o e e o o o 22 e o
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3.3 Atternate Blinking LED Circuit

| Two LEDs take turns blinking one at a time |

LED
Blue or Red
5 4 Y e Y
Wio Reset
L Discharge 4700 This circuit is
Resistor
Transistor a|mOSt the
3 555 3
+4.5V — 5£0K.|9 3 Trigger  Timer Cutput ) Same as the
Battery = 10KQ bllnklng LED
Resist . . .
3 e circuit but with a
reshol ..
few additional
Ground Cantral ts
220F 1 3 4700 z Componen .
Capacitor m—pm— Resistor
— C;gggi't:or
[The values printed on\ / \
each capacitor in the In our kit we have
kit are 104 and 226. L W — F— two different
e f.: A P B capacitor values,
104 = 100nF oo 2000904 oo |oe but they look almost
% 226 = 22uF 4l PR eaadd 4 Wil B E: the same.
V_/ o o 56 ¢ @ @ @ e\ o= Ill = e
e o 6 © @ o o e 6 e o
Double check the
e o 7 © @ @ o o ° e o 7 e e
N - ¢ exmmmfms ¢ o o b I ¢ emfmmmms o pl’lntlng on eaCh
e o 9 ¢ e o bo e o 9 e o .
i [l b 2 el laa capacitor to check
ones—— | e | df Jo e o o 11 L2 |tS Value'
e e 12 e ' U e ° e o o 12 e o
e o 1B e —e e e o o 13 e o
e o 1% e : e o e o o emii=—"
e o 15 e e o e e o o o 15 ° - ~
e e 16 e l e o o o o 16 °
s () @ , o i °
L 18 e e o o ‘ e 18 e o
Pay attention to 99 19909 po3 --°l-19 s 4
. . ° 2 ) 2 o
the orientation of il e * e Nl B
Components and ® e 260 ¢ T’ 9 /‘ Ll | B
e o 22 e o e e 23 e o
hOW they get e o 2, @« © @ o o e o o o o 2 e e
connected to other = = .
components. YT -
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3.4 Variable Tone Generator Circouit

The Potentiometer controls the tone of the
sound coming out of the speaker

1KQ 3] IC1 4
Resistor Vee Reset
ya 7

+4.5V —— 50KQ < * Discharge
Battery = poT

See if you and another circuit
builder can tune the sounds

coming out of the speaker to

sound the same!

555
2 Trigger Timer Output 3

Speaker

§ Threshold
Ground Control
1 5
100nF A 100nF A 22uF

Capacitor

Capacitor ———pe— Capacitor —l—

These capacitors
do not have

() or (+) pins, but +II— abcde fghij + -
some capaCItors 1 e © o @ e o o o 1 e o
do have polarity! e o| 20 ¢ .@ o g =l HI]- ¢ [Speakers can\
¢ o 3 @ @ o o e o 3 e o makeaWide
e o L e o o @ ° e o 4 e o Variety of
e o 5 e o o @ e o e o 5 e o
¢ emmmimme ¢ e o e o §( e e tones and
) 7 @ & o doeo7 |oa do not have
° o ° ¢ cmiEE——— (-) or (+) pinS.
. ) ] e 9 e o
® [ ] e 10 e o
° ° anif——— Z
The 555 Timer | | 2 =1 © 0 | | so b aalls T
DUtS outa emmsmniip) ¢ o e o o 14 e o
signal that can 2ol 50 @ a 205 | o a
be varied by ° o 6e o e e e ¢ 16 * o
the POT. ) 70 o @ ¢ ¢ emtiesg—
This changes 99| |18999 9991B |94
the sound tone
coming from
the speaker. o~
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3.5 Musical Instroment Circoit

| Each push button switch makes its own note

Reiligclor % g IC1 4
Ve Reset
B;ilt:; E e d L Discharge ThlS IS the Same
2 555 . circuit as the
Button Trigger TIMer Oyt .
st e Variable Tone
LI ] — Generator Circuit
Resistar S\A.v;_c_h Grlound antrol yOU bUlIt befOre
o— . -
with the addition
Resistor Switch
= | of button
o Zoen | o | T e T switches.
itc
o—

*|" abcde F ghiij + =

. lnt—l'lll—--

canyou ) lia==:l: N i

create a 3 el @

- - 8 8w *® & @& shis |} @ ] - .

song with --—-[ . DYVIETHEEE

. . 0 = '] if = 10 L I

your musical oo na p ben |aa
| . —— . & 2 L I
\vﬁ Instrument L I 13 & & L I L] I &« & 13 & @
. . . U e @ . » . & . =

j‘b CIrCUIt? . e 15 @ e . -C . »  ole—
e - 16 &« @ '-. . L] e = 16 . =

’>/_) solimss sl e hes s

. = 19...7. -|uno|9 . =

LI 2Dll' Lt e & @ 20 - =

(=SS IR B A HIEIE

MY D SR (bl D

] P 25....1_0. .Etlotzs . »

Notice that both sl mesiBoSmpL |
1 - & .-.l‘ .- = = - @

power rails are ‘e ;;____.._ $29m |99
comnected. [T P it iy
.]a,
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3.6 LED Wave Circuit

Ten LEDs will light up one right after each
other and then repeat from the beginning

Remember!
The schematics (line drawings) of the 555 and 4017 chips do not
have the pin numbers in the same order as physical chips.

J

(10) LEDs
é;.ﬂ; gl ic1 s n The 555 sends out
> e Vee Reset T 3 1 I\’l;’
i P . 2——bt pulses at a speed
5om§(— sss 1 N I determined by the
POT .\{/ i
B*;_ti\rfv = Trigger Timer Output 14 Dﬂ-ﬂl; 10 17| l\.}l'/ POT. The 4017 Counts
] i B pulses, turning on the
51 Threshoid 1 ’ 1 g\f/ et [TTe LA H
ju— Calziztliiar Ground Control _13 ; I\:l'/ L=l 0 to 9 plnsthat ||ght
: l _ ul— ¥ up the LEDs in order.
100nF 4700
TCapacitDr Resistor
DECODED OUTPUT “&" ; U 'E Vpp
DECODED OUTPUT "1™ —2 i RESET
We put two breadboards together from the starter DECODED HUTPUT 0+ . LA
circuit kit to help spread out the components to make bECODED OuTRUT 2+ —4] 13 o) ook enmsLe
it easier to build. DECODED OUTPUT 6" —— 4017 LZ canrv-our
DECODED OUTPUT “7” —ﬁ L DECODED QUTPUT “9”
Can you make this circuit on a single breadboard? DECODED OUTPUT 3" == 1Y peconen ouTeuT 4
Vgs = - DECODED QUTPUT “5”
Ve ~ This is what the actual 4017
L : Decade Counter looks like.
¢ N
+ L I . e 4 . . . . . . " + + LR | L
1 L LR . . L O - - - - . " \ 1 . o
BRINRRUN g3PIFrFe =3 ® - w - N - NB
“...l..v.. ..‘)..... . - » - o 0 ™ - e
7.Q....ll.......’....QQIQQIQQQO:Y—:.
—-‘.0............l.........l....—' —
BT e ot e 1 10 1 ot (e e
o o .
'......l......l.....l......‘...I"I.-

29
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3.7 LED Chaser Wave Circuit

LEDs will light up sequentially forward
then bounce back at each end

(10)

Diodes (6) LEDs
~ 7
% Pt 1=
1KQ vy
. 8 ICl 4
Resistor Vee Reset : g | : [
z Disch: | /
50KQ §< 555 16 1 |
.l '|" 3 1+ 4017 N
+4.5v L = Trigger LIMEF gyipy 14 9
= Decade
Battery = Counter ﬁ_’_%.
5 Threshold 15 o
- 2F Ground  Control 13 10 Y
- 1
100nF 4700 V)
T Capacitor Resistor H H’-‘
A
There are two ) o
diodes for each Diodes allow electricity to
LED except for flow in only one direction.
the 1st LED and
the 6th LED. ) ' |
The black stripe on the
diode is the vertical line Make sure all the diodes
on the symbol. and LEDs are in the
correct orientation or the
[ N\ ) | circuit will not work!
- N \ )
4 N
4 N\
e rsalalslela s e i + + . ‘
#8000 s0000e i | | ' )
SBSIVUBIRBRNNNSIB S I ] 3 ® ~ | H t 3 3

;.-..

i\ L.
B v o o o 0
L&i&llli -'
.

.

TTTTTTTT
LR
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3.8 Binary to Decimal Decoder Circuit

‘ Use four push buttons to create digits 1-9 on the display ‘

[ \ +45V +45V  +45V +4.5V
Anywhere in the ? Q o
SChemat'C that +45V g $ g é f‘é g S 1K Resistor
appears, the e |-|n g|.|o g|.|o E"ln 145V AMA
Component IS § é é é j 1KQ Resistor
connected to the N N— 7 16 mmm 7 segment
power (+) of battery i\ 1 13 A, Display
and everywhere the “’m% E s ii 1KQResistor b
symbol (&) appears, | e Riz'i?ﬂ:% wasvo—]5 7seament ol W :
the component is ”_ g % v, oo T 1KWW =l °
connected to the Resstor P duret —F 15 1KQ Resistor -
\ battery ground (-). G‘:‘d = [t 14 AN
- broun _:_ . . } GEnd 1KQ Resistor
- Ground —Grc;nd —G;und W’ —
Ground
\ . . 109876 \
[ The4siticwill | [ In reality, the connections
|  add the number of the seven segment e v |
. A— 2 —
| below each switch W/ display and the 4511 i H
: to display the value | timer look like this. —1: b
| disol | schematics to make them 1 o |
Isplay. ] . 12345
simpler to draw. o ]

N o e o = - \

Cathode
\—————————————/

(27 this circuit?!?!

L RO N N ([~ N\ )
( D ~ ™
1 2 4 8 - N . N
e N
e — 7
P — 3)

e 4 ¢ s s e s s e s s e s e e e s [ el el el el ol ol eoefd ol foegocesooe !
?'....l....'....'.. .l W.... * B e o e g e R F e g R e e e e 4t

—|m4mw|mm2=|m$$."i|!3.@25| =3 EE EE ENEEE EEE BN K- J - =] i ens28
—_ L . ® " L A . — — @ F o §F ey ygege - L B B B I ro—
— ® e e s e e e e e e e e e e e e e e .- —efeoefeoefofoefoe .. . . I
L ® ® @ ® ® ® ® " " " " e W e L L e g e g e e g * B e o o 0 9 o 0 0 0§ g e @ 0 0 0 =
....................... o Ohe ¥ e ® e U e U e . 0 e * & s s s
-_-%-.‘--,-‘--'-.'--|-.'--‘_‘_‘_‘_‘_‘_‘_‘_--_ e geqeqgegegegegee oy le | § oo w“

o o e

m-H--H--------TTTY'T"-m 'l EX E3 EJ EX EZ EX KON N LR B B @
oD e Il ......... ] 'D'U.l.l.l.l.ll‘ ..... =)
U e @ @ ® ® ® ° 8 8 ° e " e e e e iRy @ @ @ LU U e e e 8 e e e e e e e e e e ¢ ¢ e § F Y e @ @ @ o
o ‘."' """... ........... F=Tae =l L e D D L B I L I L B B B =]
mooo_oooo_--oo_oo-c_----III--I-m megegegegegegegeee '-- “ s s s s

~remMoor~roMme Mo e 225l N2 §R -~ mfuodr~rgdopogogeen N R ‘3:222
vr\)"‘,\.l....l""l'. .l. III ll_l.... e g ® e l ' ..... !
_\}\(\3‘, oooooooooooooooo ¢ — v e f e g CIE I B BT B +

. . A
\, J
\. J
4 ] . \ J
3 How many wires are In . C / )
\ J
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