Topic 12: Direct Current Circuits

Source:

Types of Materials:

Building on:

Linksto Physcs:

Linksto Chemistry
and Biology:

Materials:
(a) Hewitt

aokrwbdE

(b) Hsu

Conceptual Physics textbook, lab bookand CPO textbookand lab book

Textbooks lab books worksheset, |ab/activity, demondration,
webdtes/videos and goodstories

Circuits are the practical application of the electric forces, electrical
potential, and current and resistance topics. Applied theory checks and
confirms the student@ undestanding of previoustopics. As more
electrical devices are undestood, like capecitors, indudors, diodes,
transstors, 1CG full-wave rectifiers, and so on, theimaginaion of the
student becomes the only limitationto possible circuits. Students can gan
talent from ssimply wiring alamp to designing computer chips with
MUCH further study!

Many physcal appaatusincorporate electronic circuits into thar
workings A few indudetheoptical microscope(for lighting), a car doa
power lock (electrical power needed to physcaly lift and lower thelodk),
directing electronsin old TV sets (electromagnds vary themagndic field
to direct beam), and so on.

Often, theonly electronic undestanding needed in chemistry and biology
isthe opeation of equipment. Thislist could beanything such asin
medicine High-tech medical equipment indudesthe MRI, the CAT scan,
theultrasoundand thenudear stress test.

Sparky theElectrician
Ohm Sweet Ohm

Parallel and Series Circuits
Getting Wired

Cranking Up

Electric Circuits

(c) My Lab

Resistance Using Series and Parallel Circuits with:
1. Light Bulbs(Series 01,02 and 1 combinaion circuit)
2. Resistorsin Series and Parallel



(d) Workshest
Circuits

(e) Demondration
3-Way Light Switch

(f) Videosand Webdtes
www.glenbrook K12.il.uggbssci/physClassyBBoard.html
(This site covers mog physcs topics as abbreviated theory followed by questions
aboutthe sketches and discussion that introduced the topicN answers provided;
interactive over theweb.)

(g9) Good Stories*



Topic 12: Electrical Circuits D Series 01

Thingsyou need: Power supply (1)
Lamp (1)
Connectors (3)
Ammeter (0-2 amp)

Assemble the circuits bd ow and record your observations
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b)

Isthecurrentin circuit @) (lessthan, equd to, greater than) the currentin circuit b)?

Isthebrightness of thelamp in circuit a) (lessthan, equd to, greater than) the brightness of the
lamp in circuit b)?

Conduson: Wha does the current and brightness tell you abouta series circuit?



Topic 12: Electrical Circuits B Series 02

Thingsyou need: Power supply (1)
Lamps(2)
Connectors (4)
Ammeter (0-2 amp)

Assemble the circuits bd ow and record your observations

a)

Isthebrightness of L1 (lessthan, equd to, greater than) the brightness of L2?
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Isthebrightness of L1 (lessthan, equd to, greater than) the brightness of L2?

b)

Isthelamp brighthess in b) (less than, equd to, greater than) thebrightnessin a)?
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c)

Isthebrightness of L1 (lessthan, equd to, greater than) the brightness of L2?
Isthelamp brighthessin c) (lessthan, equd to, greater than) thebrightnessin b)?

How does thelamp brightnhess of the Series 02 lamps compare to the brightness of the Series 01
activity?

Conduson:



Topic 12: Electrical Circuits DCombination Circuit

Thingsyou need: Power supply (1)
Lamps(3)
Connectors (8)

Assemble thecircuit bdow and record your observations

L,

1) Isthebrightness of L1 (lessthan, equd to, greater than) the brightness of L2?

How could you explain this?

2) Isthebrightness of L3 (lessthan, equd to, greater than) the brightness of L17?

How could you explain this?

3) Wha doesthebrightness of thelampstell you about the current throughL 1 and L2?

4) Wha doesthe brightness of L3 tell you aboutthe current throughL 3?

5) Any othe observations?



Topic 12: Resistors in Series and Parallel

Purpos: To expeimentaly determine how resistors combine when connected in series and
paallel.
Background: Electric resistance is oppostion to eectric charges moving througha subgance.
Metal offerslittleresistance and glass offersalot of resistance. Mathematically,
Ohm@ law relates potential difference measured in Volts (V) to charge movement
called current (1) measured in Amperes (A) astheOhm (Q) tha is symbolized
with theletter (R). George Ohm, a high school physics teacher, discovered the
relationship and thushas this relationship named after him. The math relationship
istherefore, R = V/I, which isnotused in our investigaion.
Materias:
Ohmmeter Breadboad CarbonResistor
(Measuring device (Deviceto easily connect (Inexpengve device
to doresistance) resistors withouttwisting to limit charge flow)
A thewireleads)
L 1 10Q
@ Brown (1)
Black (0)
9/) Brown (x1)
Color codefor 10Q

Each column of holes, like A, isinterconnected
so any wire lead inserted will beelectrically
connected to each other. Column B isalso
interconnested, butit isNOT connected to A
or any othe column.

In thislab only three 10-Q resistors will beused. Bend theleadson each resistor to looklike this:

-

This shgpewill alow the student to easily insert the leadsinto the breadboad.



(A) Purpos: Todeerminehow resistors combinewhen connected in series.

Procedure (a):

1
2
3.
4.
5
6

Select the prope rangeon the ohnmeter.

Place thetwo leads of theresistor in two separate columns

Toudh thetwo probes of the ohnmeter to thetwo endsof theresistorat X and Y.
Record valuein table.

Repest for resistor 2.

Repeat for resistor 3.

VD]]:7 Do resistor 1, then 2, then 3.
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(b)

(©)

Each Resistor Q Vaue

1

2

3




Procedure (b):
1. Connett resistors 1 and 2 in series on the breadboad (see sketch).
2. Measure the combined resistance of thetwo resistorsin series.

SERIES CONNECTION

Resistors 1 and 2 Q Combined Vaue

1+2

Procedure (c):
1. Connettresistors 1, 2 and 3 in series on the breadboad (see sketch).
2. Measure the combined resistance of thethreeresistors in series.

SERIES CONNECTION

Resistors 1 and 2 Q Combined Vaue
1+2+3
SERIES
Conduson: Looking at theindividud resistance values and the combined value, | condude

tha:

(B) Resistorsin Paradle
Procedure (a):
1. Connect resistor 1 and 2 in paralel as shown in sketch (d).
2. Measure theresistance of both resistors when hooked in a branch. (Consder a

branch as providing more than onepah for the chargesto follow; if aroad forks,
you choo which road to take.)

MeasurefromX to Y. :I:I:Ii

Parallel




(@

Resistors 1 and 2 Q Combined Vaue

1+2

Compare theindividud resistances of 1 and 2 to the combined resistance of 1 and 2
when in paralle. Can you give aphyscal reason?

Procedure (b):
Repeat the paale procedure with three resistors (no sketch (e) drawn for thisone.

(b)

Resistors 1,2 and 3 Q Combined Vaue

1+2+3

Compare theindividud resistances of 1, 2 and 3 to the combined resistance of 1,2 and 3
when in parale. Can you give aphyscal reason?

PARALLEL
Conclugon: How doresistorsin paralel combing?




Topic 12: Resistors in Parallel Answer Sheet

(b) Condusonto Resistorsin Parallel Lab

Sample Data:
(A) SERIES
(@
Each Resistor I Vaue
1 100
2 100
3 100
(b)
Resistors1 and 2 I Combined Value
1+2 200
(c)
Resistors 1,2 and 3 I Combined Value
1+2+3 300

SERIES CONCLUSION:
Asresistors are connested in arow, oneafter another, the series combinaion is the sum of
each resistor. Add resistorsin series to obtain thetotal resistance.

(B) PARALLEL

(@

Resistors1 and 2 I Combined Value

1+2 50




Compare: Theresistance of the paallel branch went down. Since charges have a choice
of two pahs theresistance decreases.

(b)

Resistors 1,2 and 3 I Combined Value

1+2+3 33

Compae: Theresistance with athird pah went down even more. Now tha charges have
three options oppostionislessto movethroughthe branch.

PARALLEL CONCLUSION:
When more pahsare offered across a parallel branch, theresistance becomes smaller and
smaller. Theactud relation of

1/R = 1R + 1/R +
Tota One Two

might berecognized by some mathematically-minded students since we have used an easy
set of resistances, 100! , threetimes.



Topic 12: Activity DCB-Way Light SwitchO

Purpos:  To give students a Qoractical chalengelin wiring tha has meaning

Materias:
(Two) 3-way lightswitches
Ohmmeter
SAFE DC or AC low-voltage power supply (like6V or 12V - DO NOT USE 120
VACN TOO DANGEROUS)
3,4, 5or 6 connecting wires
Screwdriver

Task: Thisisthetypeof chdlengetha should use the OnquiryOapproach. The student
assignment could be

(@) Expeimentwith the provided materialsto connect a circuit tha SSMULATES a
switch at the bottom of a stairway and oneat thetop of a stairway so thelight
can beturned on or off from either thetop or bottom of the stairway and

(b) Sketch all possible circuits.

(c) Showyour completed circuit to theteacher.

Results:
Simplified Switch:
O @) O @) O @)
L A
On Off
Common >Common
Off
>
On
>
ON right ON left

O o__ O o__ O O




Four Possible Connections
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