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Exploring the World of Science

S/émw
Purpose L

New Coaches? - Welcome! % [ —aal

e

Returning Coadpes — Thanks for o;on’clmued involvement

Purpose of this session:
NOT to ’ceach‘yﬁ‘rh v to om,)ess ]n the event

* IStohelp yo'u Ou gu de and coach your students tor t

- NOT reprlnt eve ht e detail inrules

- IS to provid yo

e

{:(l (:»:/ngJr|r TE 2 TO

= T

Do: b | [
* Ask questions .

« Share suggestions

& Don’t: ' % Y

* Seek compe tlve;ad antage b ge by keeping secrets
. Assume rules are the same as last time (many changes)
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Circuit Lab Rules and Scorin

Allowed to use notes and/or calculators

Scoring is 50-75% for Theoretical Portion
(Test) and 25-50% for Hands On (Lab)
Portion

Historical perspective of the discoveries
of electricity and the key people involved

Properties of electrical charge,
sources/hazards of static electricity,
Coulomb’s Law and capacitance

Direct current(DC) characteristics,
sources, uses, simple circuit diagrams,
DC hazards

Alternating current(AC) characteristics,
sources, uses, AC hazards

Concepts and units of current, voltage,
resistance, power and energy and using
Ohm's law

Magnetic poles/fields, electromagnets,
transformers, motors/generators, right-
hand rule for torque
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Exploring the

Electrical controls devices including 3 way
light switch circuit

Simple measurements, constructions, and
configurations of a circuit and individual
components

Basic characteristics and operation of a light
emitting diode (LED)

Simple circuit analysis using Kirchhoff's
Voltage & Current Laws (now for B and C)

f{Basic..digital logic and digital logic

operations

junction (now includes BJT transistors)

E'Iééfhéal characteristics of a silicon PN i

9 L e '
% Basics and application of Operational

Amplifiers (OpAmps) -

-

*Underlined bullets are Division C only



Practice
Recommendations

@ Recommend practicing at least once a week with
studying between practices. Most practices would
be approximately 1 to 1.5 hours.

@ 15 minutes—Grading homework.
30 minutes—Learning Lesson of the Day
15 minutes—In Practice qwcktteséon Lesson of the Day

»® ® ® ®

25 minutes—Practical testlng 4 | i
5 minutes—Sending out homework 3

@ If the student misses a Practice, the student is
responsible to get the notes and homework to be
ready for the next Practice.
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Resources =

Every file at the National Website.

Text book ially those focusedon =~ [
electricity anfl maznatisrTiR °" hitps://www.youtube.com/watch?v=F vL\WkkOETI
Wikipedia pages are great places to start ‘https://www.youtube.com/watch?v= OYOGrTNthE
your investigation, but you will need https: //w{/vw youtube.com/watch?v= NXMquSSGrS
mot | https:/ utube.com/watch?v=ZRL

Khan academy, Hyper Saence, Bozema : i :
Science, and electronics tutorials h /watch?v= :

some great resources and video

Just find the resource that work
you, sometimes a dlfferent ay
explaining a topic just makes sense

Remember that www.somc‘corg.%s th - -
official website and the !' J

rules/clarifications there are the off|
rules 1

www.scioly.org is an alumni run eb i
that has lots of'gF'égt resources anc

tests, but it is NOT offlélaliEveryth -
there is just opinion. ' | iHE

@ Do not get caught up |nt6 F u n
online
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http://www.soinc.org/
http://www.scioly.org/
https://www.youtube.com/watch?v=8Y4JSp5U82I
https://www.youtube.com/watch?v=8Y4JSp5U82I
https://www.youtube.com/watch?v=8Y4JSp5U82I
https://www.youtube.com/watch?v=8Y4JSp5U82I
https://ibphysicsnotes.wordpress.com/topic5/
https://www.youtube.com/watch?v=mc979OhitAg
https://en.wikipedia.org/wiki/Electricity
https://en.wikipedia.org/wiki/Magnetism
http://www.bozemanscience.com/
https://www.electronics-tutorials.ws/
http://hyperphysics.phy-astr.gsu.edu/hbase/emcon.html

Ground Rules If Usm@w
Online Coaching

The narration will not read all bullets, but the slides are available in the dropbox.

This is provided to augment and not replace your team’s coaching, so always go
with your own coaches advice or training first

National Science Olympiad rules, clarifications, and FAQs take precedence, so
always go with what is on the official website www.soinc.org

Each student is responsible for their own learning of this topic, so be prepared
to learn more using other resources mcludmg the internet

Follow all safety rules and use low voltage (ifEVD‘éZ o) ¢ Iess) for hands on activities,
we are developing a full guide of safety rulesito be putinthe drop box | i

Put any questions in the comments section ?jnd be respectful’and helpful to.
others. -

Always come prepared to practices with completed homework and all'your
questions

-

Listen, participate, and always follow your coaches


http://www.soinc.org/

Your Binder is You
Lifeline

A good binder is like having an open
book test

Use your binder in all studying,
practices, and at tournaments

Always build your own binder in case
something happens to your partner’s

First page should be the rules, so you
can find them quickly

Always have easy to read tables for
constants, materials, and equations

Organize into sections that work for
you and your teammate with tabs for
easy finding

Focus on the things you have to look
up or don’t understand

Include other tests with keys and
work shown

3
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Exploring the World of Science

When you have two or more
pictures of the same thing, include
ALL of them (often Event
Supervisors will get diagrams and
samples from the internet)

When you solve a difficult problem,
show all your work and put that in
the binder to help remind you how

Keep the binder small enough to be
useful, but big enough to be
comprehenswe |

i ‘*you solved that difficult problem

_P'est you skills atfinding things in l

the binder each practice so that'it
takes no more than 10 seconds to
find anything

“Make sure you can read it (good

fonts)
Use sheet protectors when possible

=
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Basics of Electricity ~—"

Atoms

Protons

Neutrons S
Electrons PR

Electrical current

ELECTRON




The Big Three—VoIta,éﬁPm
Ampere, and Ohm

Vorld of S

10



Important Terms =

[=] Volt (V)—unit of electric [=] Ampere (A)—unit of electric

. N
potential or how much current or how many |
strength the charge is electrons go pastagiven =~

ot . '
“pushed” | _ pomt.lﬂa second.
= Batteries are 1.5-24 V. ' lled an!“Am'p”
= Home electricit ﬁc')- "'1'|‘healt
‘= Lightning can be milli
L volts o

" Also called Potential
Difference e

® |s the force beh‘ihﬂfhe_
~ electrons _
deT" I ‘ S 8

\\

anniy
-
e
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SCIENCEOLYMPIAD
Important Terms =

Direct Current (DC) is an ol Alternatlng Current (AQ)is
electric current of constant  electric current that regularly
direction. [ [ i'everses direction.

1
= All batteries are DC = House elec.Erlaty and power lines sas

= Most eIectromcsnLed- " e - ;
so you have special é an eroLs than
transformers and | .
to convert house A¢
voltage té)’D'Ci"'—'J —

B Most of the problemsj :
Circuit Lab are > DC.

— o ——

.
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Important Terms ™=

[l Resistance is the
opposition against the
free transfer of electrons
in a conductor.
®  Copper, Silver, and other

conductors have low
resistance

m  Glass, wood, rubber,
plastic, and other
insulators have high
resistance.

" Transfer (or current) s

usually due to some force

like the EMF from the
Voltage of a battery

[=]

SCIENGEOLYMPIAD

Ohms (Q)—unit of electric
resistance which is equal
to the ratio of voltage to
amperage.

13
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H OW to Id en t l fy SQIE\N\(\IYEV%YMPIAD
batteries?

All batteries are Direct Current (DC)

Exploring the World of Science

e
—

They are usually denoted by their Voltage

TdDVANG

@ Normally 1.5V, 3V, 6V, 9V, 12V, and 24V

@ This is because most cells produce 1.5V
and then are put in series.

terminals are either m‘éﬁ’k’a
or painted  , sometimes with a cover
to reduce chance of a SHORT CIRCUIT

terminals are normally 4 -l
AT =

marked or painted or



SCIENGEOLYMPIAD

-4 AN
Batteries -
Dry CELL | WET CELL
Electrolyte isimmobilized @ @ Has aliquid electrolyte

as a paste

Zinc-carbon

Alkaline batteries =

Most small batteries

= 3

Line art drawing of a dry ¢ -
1. brass cap, e '

- 2.plasticseal,

- 3. expansion space,
4. porous cardboard,

{5, ZiNC-Can
6. carbon rod,

- 7. chemical mixture
(wikipedia.org)

¥

15
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SCIENGEOLYMPIAD

Equivalent Resistanc

g the World of Science

@ Multiple resistors can be
combined into a single
resistance to represent all
of them called an
Equivalent Resistance or R.,

@ The current flowing
through both of the circuits
on the right is exactly the
same

16
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o o [ N
e | l e S l | c u | t Exploring the World of Science

Two or more resistors in series

Current is the same through all
resistors (electrons have no other
path)

Voltage is split between resistors

Req=Ri+ R, +R; —

R.q is always greater than the largest
single resistance

Current = Voltage [ R,

17



Parallel Circuit

Two or more resistors in parallel

Voltage is the same through all
resistors

Current is split between resistors
(electrons are split between all
branches) |

1/Req =1/R, +1/R, + 1/R3

Req is always less than the smallest = TIRRE ii
single resistance L

Current (from battery) = Voltage | R.,
,which is then split among the three
branches

18
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North and South Pole:

@ If you break a magnet in
half, it forms two
magnets—each with a

and Pole

.. . after breaking in half . . .
@ The magnetic fieldcanbe 8 SN :

displayed by lines drawn
from the to the




SCIENCEOLYMPIAD

a S S Exploring the World of Science

Magnetic Com

@ A compass is a navigational
instrument that measures directions
using a free floating magnetic and the SV N
Earth’s magnetic field to point
towards the Magnetic North Pole. \

@ Magnetic North Pole is not quite atthe
geographical North Pole and it moves

® Magnetic North Pole is actuallv a
Earth’s magnetic field—allowing the

of the compass to be attracted. =
@ Compasses become useless near the Poles f f
@ Invented first by the Chinese ’aurlng ‘ | i’
the Han Dynasty. Europe inventedthe /|| ’
dry compass around 1300. | B

. r ' ' 20
< it
Y LSOkt '



M agn Etl C Fl e I d OfSC\IEflfci(‘)‘ :LYM CPIA, D
Current

@ Current going through a wire
causes a magnetic field going
around it in a “right hand
rule”

@ Point your right thumb in the
direction of the current. |

@ The magnetic field (B) goes
around the wire like your
right hand fingers

@ See the formula forB

Permeability of free space

e
:

21
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\ [

How does a motor-
work?

DC motor has two windings and two First col
permanent magnets

North pole South pole

Coils are powered from the
Commutator and the Brushes

The current that runs through each =
windings changes direction at the i *:‘ "
halfway point (caused by the !

connection of the commutator) | ’ 8‘ | i‘

Magnets are wound such that whel.'lJL |

oneis , the other is

@ Please note this is colored differently
than we normally used

22
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Resistor Marking =

@ Electronic Color Code Developed in early 1920’s.

Sometimes the resistance is printed directly on the resistor
to avoid confusion, esp. for colorblind people.

If you are colorblind, let your event supervisor know at start

of test. II!l
|

>

- |
A is the first significant digit of the co
B is the second significant digit

C is the decimal multiplier

D (if present) indicates the tolerance—éo D means 20%

This example is the following: ‘ :
A=Red=2; B=Violet=7; C=Green=10°; D=Gold=5%
Or 2.7MQ +/- 5%

Tolerance
Multiplier

23
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SCIENCEOLYMPIAD

Multiple Sources =

Sometimes a circuit has more than one source

Voltage Sources should be added in series

Current Sources should be added in parallel

You shouldn’t put voltage sources |n parallel or current
sources in series, as it can createl. -SIltuatlon that violates

] o t ! 3
circuit rules. o e
2 |

24



Kirchhoff's Voltage Law (

(Now both Divisions)

Exploring the World of Science

@ The directed sum of
the electrical potential
differences (voltage)
around any closed
network is zero

@ or: the sum of the

Voltage Law:The net voltage drop around

voltage in any Closed any closed loop path must be zero.
|00p IS eq ulva I ent tO For any path you follow around the circuit, the sum of the ;/oltages rises (like batteries)

must equal the sum of the voltage drops.Voltage represents energy per unit charge,
th e sum Of th e and conservation of energy demands that energy is neither created nor destroyed.

potential drops in that
loop > =

25



Kirchhoff's Current Law (KGL)*

(Now both Divisions)

Exploring the World of Science

@ At any node (junction) in an
electrical circuit, the sum of
currents flowing into that
node is equal to the sum of
currents flowing out of that VA
node

@ (0) g+ The algebraic SUum of " Current law: the sum of the currents into

any junction is equal to the sum of the

[ ]
currents in a network of currents out. y s
{ ]

For any branch of the circuit, the current out of the branch must be equal to the
con d u Ctors m eetl ng at a . current into the branch. This is required by the conservation of electric charge. Any
- . cross-section of the circuit must carry the total current. For a series circuit, the

po 1 nt IS Zero' current is the same at any point in the circuit.

@ or: All current into a node == [ i
equals all current out! |

26



Light Emitting Diode
(LEDs)

)
@ A light-emitting diode (LED) is a two-lead = g 5
semiconductor light source. It is a p—n junction
diode that emits light when activated

Exploring the World of Science

@ Coloris determined by the energy band gap of
the semiconductor, which also affects the
voltage drop .L-“’ - .
@ Full table has been put in the Homework ™

Generator, LED Datasheettab

pee

@ https://en.wikipedia.org/wiki/Light- %
emitting_diode#cite_note-79. =

Anode D‘ Cathode

https://en.wikipedia.org/wiki/Light-emitting_diode




Operational Ampllfléfgﬁfi@‘)

(Division C Only)

@ An operational amplifier (often op-amp =
or opamp) is a DC-coupled high-gain input
electronic voltage amplifier with a
differential input and, usually, a single-
ended output

Non-

| Inverting

@ Very popular due to its versatllltyflas a
differential amplifier. ! *'
—
@ Can be set up easily as a comparator;
inverting amplifier, or non-inverting
amplifier

https://en.wikipedia.org/wiki/Operational _amplifier I



@ Full List for Ideal Op-Amps

(3

H D D DD DD D »

@ Two Golden Rules

SCIENGEOLYMPIAD

Exploring the World of Science

Ideal Op-Amps

Infinite Open-Loop Gain (G) x
Infinite Input Impedance (R;,)

Infinite Out Voltage Range (v, max)
Infinite Common-Mode Rejection Ratio
Infinite Power Supply Reject Ratio
Zero Input Offset Voltage
Zero Output Impedance (Rou:)
Zero Noise

Zero Input Current (V;,/Rin)
None of these are actual

@ V, =V
@ Current iszeroatV, ,andV.
A compenent-level diagram of the common 741 op-amp. Detted lines cutline
. current mirrors . differential amplifier: . class A gain stage; . voltage level shifter
|:| output stage
https://en.wikipedia.org/wiki/Operational _amplifier | 29
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Digital or Boolean Logi

SCIENCEOLYMPIAD

@ Boolean Algebra deals mainly with the theory that both logic and
set operations are either “TRUE” or “FALSE” but not both at the
same time

All inputs and outputs are either “TRUE” or “FALSE”
Inputs and Outputs are normally shown in a Truth Table

There are multiple electronic logic circuits and devices including
relays, switches, diodes, discrete electronlcs, etc.

(
(3
(3

Basic Logic Functions include

(3

z

(3

Fe

AND (allinputs must be True forthe utp‘ tto be True, otherwise

output is False) | . cEEEr ,

OR (all inputs must be False for the output to be False, otherWIse l

output is True) = 7 e
s

NOT (the output is always the opposite of input, so if the |nput isirue
then the output is False and if the'input is False the output is True)”

.
-

https://en.wikipedia.org/wiki/Boolean ‘algebra

https://en.wikipedia.org/wiki/Logic_gate , . 30

httos://www.electronics—tutorials.ws/boolean/bool 1.html ——— +



https://en.wikipedia.org/wiki/Boolean_algebra
https://en.wikipedia.org/wiki/Logic_gate
https://www.electronics-tutorials.ws/boolean/bool_1.html

SCIENCEOLYMPIAD

AND, OR, and NOT ="

® Three most common and basic
@ NOT s also called an Inverter

® 0 means False and 1 means True

an Input or Function |
@ NOT X can also be shown by X' =
@ NOT A & B can be shown by A &'B

vicAy|zVy|xT| T
0

0

1
1
https://en.wikipedia.org/wiki/Boolean -algebra

https://en.wikipedia.org/wiki/Logic_gate ,
httos://www.electronics—tutorials.ws/boolean/bool 1.html



https://en.wikipedia.org/wiki/Boolean_algebra
https://en.wikipedia.org/wiki/Logic_gate
https://www.electronics-tutorials.ws/boolean/bool_1.html

ENCEOLYMPIAD

Common Logic Expressi

.--.-“
® These are the most common !
I-Iﬂll

values for one or two input [ogic [N r=——
- Do~
--I > [ I-_

@ Note all the ways you can show'
the functions - O~
e -“
@ Please note that in addition u-@. :
@ XANDY canbeshownasXAY E@-
@ XANDY can be shown as XVY ----
@ NOT X can be shown as 71X

Ven Dgamf loj schematic repre of Aand Bo Ippg ach
other inside a rectan glea ea, theda a’nsho sthe elato oft}eboolea n operators.

32

http://WWW.ambrsoft.com/Equations/LqucaIGates/LoqicialGaies;htm



http://www.ambrsoft.com/Equations/LogicalGates/LogicalGates.htm

SCIENCEOLYMPIAD

PNP and NPN
Transistors

@& Bipolar Junction Transistors (BJTs) are e
either set up as a PNP or an NPN
configuration. Colltor

Collector

Emitter Base Collector

@ Know at least the following:

General Characteristics

Four Operation Modes

DC Biasing

Gain calculation and amplification
Transistor as a switch applications
Band Diagrams

Simple models |
8- _Etc....l...¥ | 4 -L

®» ® ® ® ® ® @

https://en.wikipedia.org/wiki/Transistor — e _ —
Iy ;i e » . L e Band diagram for NPN transistor in active mode, showing &2 _NFPN lransistor
httpS//enW|k|ped|aOrQ/W|k|/B|pO|ar lunCt]On tranS|Stor injection of electrons from emitter to base, and their overshoot
https://circuitglobe.com/npn-transistor. htmi 4 | — |
https://circuitglobe.com/difference-between-nph-and-pnp:transistor:htmi
https://www.electron|cs—tutor|als.Ws/ampllfler/tra_n3|stor-b|a3|ng,him*:,]

into the collector

33



https://en.wikipedia.org/wiki/Transistor
https://en.wikipedia.org/wiki/Bipolar_junction_transistor
https://circuitglobe.com/npn-transistor.html
https://circuitglobe.com/difference-between-npn-and-pnp-transistor.html
https://www.electronics-tutorials.ws/amplifier/transistor-biasing.html
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@ Physicists and Engineers look at
circuit problems differently and
sometimes put focus on different
areas

@ Both areright, but you should be
prepared because you don’t know z
who writes your test

@ Always look at lots of different
sample tests to get a flavor for all the
ways a question may be asked

@ The diagrams to the right are z
equivalent, one uses a Voltage Source
and one an Electromotor Force source
(EMF)—same thing

https://en.wikipedia.org/wiki/Circuit_diagram

Conventional current (which is what is
mamly used) flows from the positive

terminal of a battery or EMF source and
wouid be!clockw1se in the diagrams above

@ Th|s is the direction of positive charges, butt
not electrons which flow the opp05|te way i

Physicists often prefer to use % Real
Current” which flows the opposite
direction to match electron flow (counter
clockwise or out of negative to positive)

35
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General Coaching Ti

xploring the World of Science

Always send max # competitors to event. ‘Warm bodies’ can:
* Look for general [ safety mistakes
* Gain valuable experience in competitive setting
* Help with ‘administrative’ tasks during event

Event supervisors make mlstakes sometlmes
* Counsel students on approprla y 1
« Document to extent possible :
* Don’t be afraid to use the appeals proces

Put extra effort into logistical |ssu'

* Have lots of backup supplies, safétya at
* Preplan transportation, food, commu ications

Know the Updated General R sJ‘Splrlt of the Problem™

/6
SO is as much about the preﬁratlon as it |s“the fmpetltlon

36
//3\ | J— ' W‘ i ¥k
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SCIENCEOLYMPIAD

Things to consider ==

@ Winners prepare @ Event Supervisors are volunteers
@ No one knows this material @ They have given up their time to
naturally, those that prepare the prepare for the competition, run
best will do better. the event, score, etc.
@ Study and do homework before @ Some are more experienced than
practice, use practice for asking others

questions ¢ Some know the rules more than
@ Plan on doing work on this a few others

times a week in addition to

(2 ‘Be‘#"éspectf(il and work with them il
practice

(2 -} ‘Always listen to mstructlons and
read the test before you “a'sk your

@ Winners work together
~ questions

@ B I
e a good partner @ Different Event Supervisors ask the

@ Work off each other strengths same question differently

® Practice together 37
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Arguing an lllegal«&#%..
Giidstiohll T

Always make sure you read the question again to ensure it really is illegal.
@ Event supervisor might have old rules, but double check your rules first.

Ask for how to implement the question within the rules.
L Remove the illegal items like capacitors/inductors/LEDs/etc.
@  Operateit as DC instead of AC.

Reference the specific rule, normally in sections 3.l.c or 3.1.d

Semiconductors include diodes, LEDs, tranS|s|tors, ‘OpAmps, and integrated
circuits. LEDs, Diodes and OpAmps are now allowed in certain 1
circumstances. ——— ) - i

AC circuit theory includes frequency ana'IyS|s, two or three phase power,
capacitor/inductor reactance. But they can sometimes be made Iegal by
switching to a DC system. -

AC devices include transformers, rectifiers, others. Most will not work
with DC.

Several items are only available for Division Cand not} for B i



Coaching Tips for <& &%:
Science Olympiad =

Always send max # competitors to event. ‘Warm bodies’ can:
* Look for general [ safety mistakes
* Gain valuable experience in competitive setting
* Help with ‘administrative’ tasks during event

Event supervisors make mistakes somet_lmes
* Counsel students on appropriate way.to
* Document to extent possible ,
* Don’t be afraid to use the appeals proces

Put extra effort into logistical issu
* Have lots of backup supplies, saféty app:

* Preplan transportation, food, commu'lcjétlons .

' \9‘

{ : <
Know the Updated General Rul stplrlt of the Pi oblem~~~- |

SO is as much about the preparatlon as it is the ch‘)'mpetltlon

U ey 5
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Coaching Tips for T
Science Olympiad (cont

Check the national website often

Coaches should be famlllar W|th xthe materlal but the work
should be done by the students Lo '

s+

-
4 ‘.“
- '. ’

= ' i

--..‘

Practlces are fO|I cover g uuigrbj, 3;];;],)1_, te ‘ts anél practlckng

measurements='Lst dying should be done as homew ork
t -

!

| - |
Coaches and stU'den s should know therules better SJL]JJ&J}JJI:I-; | h

—_ -

Start early and practice at least one aweek

L P—

E
More practlce W|IIJead*to petter resuits




Coaching Tips for sﬁmio iy
Science Olympiad (cont. )

@ Beready for people to fbcus on different aspects on the
written test. - —— .

‘ {[11..,.;“&3,

@ Always look for good pairs of students hoiwork well Fey
together andtombie ent ea —t— |

@ Students sl?ou g - ._
@ Come prep"ci*'ed )
all questlon§ o
& Listenand part|C|pat

@ Be W|Illng to s.-hy (o
aSS|gned,—-T/" —-
3
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Final Random Thoug
\“‘"\‘:-‘\

Moderation in all things!

Regularly check www.soinc org

 Clarifications . 3] |
+  FAQs e - ¥ -
* Policies (Lasers, Safety,l Bu1|d|ng; etc) R .

‘—‘- & %

Use free tools if runnm g event /1 iwrrum-l% ‘

* Checklists/ scoreshee*t or select events: soinc. Org event pages

— i i
o i
« Complete tournament sco INg system:sourcerorge. f’“'/)fJBéE,giwrmgl l 0
* Eventsignup system' | iolyeve tsignup.com - b h h
£

Large invitational Ll'.ourname 1ts
* Opportunity to have ‘Natlon experience’

eW participants
Please publlazE_SAO and're ruit new participants

Keep SO mission in mlnd

'»  Create aninterest and aSSIO  for scie
« Improve STEM education and workfa *

* Recognize and ce]ebra e achievements b by s students and tea ,

;)

42

‘! .



