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USE OF OHM’S LAW

A thorough understanding of Ohm’s Law is necessary to complete the Lab Projects in this manual. If there is

any uncertainty, review the formulas for calculating Resistance (R), Voltage (V), Current (I) and Power (P).
This manual is furnished with formula and color code chart to help with calculations.

Resistors in Series | < Ry >
JPR P R2 R3
R RT-R1+R2+R3—\NV\/—\NV\,—\/W\,—
Vv Resistors in Parallel
IR v R _ 1 Ry R3
1/R1 + 1/R2 + 1/R3
P R v?
I R
Two Resistors in Parallel 2;
- R1 x R2
% Vi T R1+R2
Capacitors in Series Inductors in Series | < Lt > ‘
C.= C1 C2 L =L1+L2+L3 L1 L2 L3

HHHE

1/c1 +1/C2 +1/C3

Capacitors in Parallel 1‘ _|_ _L _|_
Cr=C1+C2+C3 ¢ T T _I_

Inductors in Parallel
_ 1
1/L1 + 1/L2 + 1/L3

L1 QL2 )L3

Two Capacitors in Series <—C;—> Two Inductors in Parallel
.. C1xc2 U _ L1xL2
T c1+c2 —— L1+ L2
Capacitive Inductive Resonant Impedance Impedance
Reactance Reactance Frequency Series Parallel
1 1 2 . w2 RX
Xc = —m X,=2wfL fr= ——— Z=\/R + X 2= ———
°" 2mfc : "T 2m\LC TRE+ X2
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Name

Date Due

Score

Lab Project 1: Component Identification
The ability to identify components by sight and to identify their use is a requirement in electronics.

Objectives
1. Identify electrical components.

Difficulty Level: beginner

Required Materials
1. Component parts kit (furnished by instructor).
2. Answer and Evaluation Chart 1 for recording measurements, answers and instructor scoring.

Procedure 1: Identification Of Components

D P-1. Using the components from the parts kit, record the following information on Chart 1: sketch a
diagram of each component and record each components code or value.

Lab Project Review

1. Electrolytic capacitors are distinguished from non-electrolytic capacitors by the markings on electrolytic
capacitors indicating positive and negative polarity.

2. Low-power resistors and diodes are of similar size and shape. Diodes have one stripe and resistors have
several.

3. Transistors have three leads.
4. SMD Ceramic capacitors are not marked.

Global Specialties 4
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Name

Date Due

Score

Lab Project 4: Resistance in a Series Circuit

Series circuits are one of the most widely used circuits in electronics. This type of circuit has only one path
for current (I) flow. In a series circuit, the total resistance (Rr) is the sum of the individual resistance (R) values.
Objectives

1. Measure and calculate the total resistance of a combination of resistors wired in series.

2. Understand and explain the formula: Rt = R1 + R2 + R3, etc.

Level of difficulty: beginner

Required Materials
1. PB-503, PB-505 or PB-507 Electronic Trainer.
2. Multimeter.
3. Answer and Evaluation Chart 4 for recording measurements, answers and instructor scoring.
4. Parts List: Two 1 KQ resistors.

Circuit Construction

D C-1. Construct the circuit illustrated in Figure 4-A.

0o 0 0000O0||0QO00O0 0O
0o 0 ©0000O| |00®00 0 O

A R1 R2 B 00000 | |oo[joo
00 ©0000O oooo o o
oo o0oooo||oolloo o o
.‘—\A/W_NW_. o o 00000 [eXoXoNeXe] o o
1kQ 1kQ o o ooooo | |ofjooo o o
o0 ©0000O oooo o o

ooooo | |ollooo

cooo00||006000

Figure 4-A: Resistance in a Series Circuit
Procedure 1: Calculation and Measurement of Resistance in a Series Circuit

D P-1. Referring to Figure 4-A, calculate the total resistance between terminals A & B. Record the results.

D P-2. Referring to Figure 4-A, use an ohmmeter (set to 20 kQ) to measure the total resistance between
terminals A & B. Record the results.

Procedure 2: Measurement of Resistance in a Series Circuit

D P-3. Referring to Figure 4-B, use an ohmmeter (set to 2 kQ) to measure the resistance of resistors R1
and R2. Record the results.

Global Specialties 12
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Procedure 1: Calculation of Current in a Circuit

P-1A. Figure 6-A illustrates a two resistor series circuit. Calculate the total resistance (Rt) of the circuit
using the formula: Rt = R1 + R2 + R3, etc. Record the answer.

P-1B. Use Ohm’s Law (It = V / Ry) to calculate the total current (I1) of the circuit. Record the answer.

P-2. Figure 6-B illustrates a one resistor series circuit. Use Ohm’s Law (I = V / R) to calculate the total
current of the circuit. Record the answer.

P-3. Is the resistance of circuit 6-B one-half or double that of circuit 6-A? Record the answer.

OO0 OO0 O

P-4. Is the current of circuit 6-B one-half or double that of circuit 6-A? Record the answer.

Procedure 2: Control of Current by Resistance

D P-5A. Referring to Figure 6-C, measure the current of the two resistor series circuit. Record the results.

+V(ye||ow) GND (black)

R1 R2 o o ooooo oooolo o o

+12VDC + o o [eXoXexe) oooolo oo
oo oo oooolo

1K 1K 1] o o oo oo oooolo o o

] o o oolLloo oooolo o o

£ oo 09000 oooolo o o

£ o o orj0o0o0 oooolo o o

I < o o o“‘ooo oooolo o o
Ground e Oo ooo oooolo
4 Q00 ©00® 0

+ -

Figure 6-C: Control of Current by Resistance. Measurement Locations.
D P-5B. Does the calculated current equal the measured current? Record the answer.

D P-6A. Referring to Figure 6-D, measure the current of the one resistor series circuit. Record the results.

+V (yellow) GND (black)

R1 o o oloooo oooolo o o

+12VDC o o oloooo oooolo o o
1K o oloocoo | |oooo|o

ko) o o oloooo oooolo o o

3] o o oloooo oooolo o o

£ oo @000 oooolo o o

£ o o ofjooo oooolo o o

< oo oooo oooolo oo
Ground e B Oo ooo oooolo

06Qo0 ©00p 0

+ -

Figure 6-D: Control of Current by Resistance, Measurement Locations.

D P-6B. Does the calculated current equal the measured current? Record the answer.

D P-7. Examine the current measurements. When resistance is decreased, what is the effect on current?
Record the answer.

Lab Project Review
1. The relationship between current and resistance is inversely proportional.

2. Current can be calculated by using Ohm’s Law (I =V / R).

Global Specialties 20
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Lab Project 9: Voltage in a Series Circuit

The total voltage (Vr) in a series circuit is divided between its resistors. The voltage drop is directly
proportional to the value of each resistor.
Objectives

1. Measure and calculate the voltage (V) drops across individual resistors in a series circuit.

2. Understand that voltage drops in a series circuit are proportional to the values of the series resistors.

3. Understand Ohm’s Law: V =1 * R.

Level of difficulty: beginner

Required Materials
1. PB-503, PB-505 or PB-507 Electronic Trainer.
2. Multimeter.
3. Answer and Evaluation Chart 9 for recording measurements, answers and instructor scoring.
4. Parts List:
A. Three 1 KQ resistors.
B. One 2.2 KQ resistor.

Circuit Construction

D C-1. Construct the circuit illustrated in Figure 9-A.
+V (yellow) GND (black)

o o o o

R1 o o o o

+12VDC e VAVAVAY: o o oo
1K o o o o

R2 0 o 0 0

o o o o

R3 oo oo

Ground oo o o
1K o O o O

Figure 9-A: Voltage in the Series Circuit.
Procedure 1: Calculation of Voltage Drops in a Series Circuit

D P-1A. Figure 9-A illustrates three resistors in a series circuit. Calculate the total resistance (Rt) using the
formula Rt = R1 + R2 + R3, etc. Record the answer.

D P-1B. Use Ohm’s Law (I = V / R) to calculate the total current (I1) of the series circuit. Record the answer.
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Procedure 1: Calculation of Voltages Across Parallel Components

Q

Q

Q

P-1 . Figure 11-A illustrates three parallel circuits: the first circuit has one resistor, the second circuit has

two resistors and the third circuit has four resistors. All three circuits utilize variable power from the PB-
503, PB-505 or PB-507.

P-2. Calculate the voltage drop in the third circuit, as if the power supply was set at +5 VDC. Record the
answer.

P-3. Calculate the voltage drop in the third circuit, as if the power supply was set at +10 VDC. Record the

answer.

Procedure 2: Measurement of Voltages Across Parallel Components

Q

P-4. Insert the power supply wire. Adjust variable power supply to +5 VDC. Referring to Figure 11-B, use
a voltmeter to measure the voltages of the first circuit, the second circuit and the third circuit. Record the
results. Note: Even when additional resistors are added to the circuit in parallel, the voltage remains
unchanged.

+V GND
+V o gg
O0OO0OO0O0 OO0OO00O0 o O
Yellow R1 00000 00000
Q O ©® O 00 [eNeNeNeNe) o O
1K o O o [eNeNe] 00000 o O
o O OOOO [eNeNeoNeNe) o O
GNDo oo ollooo 00000 o o
O 66— D000 00000 o O
Black o 00000
Q JoIRN 00000 O O
OO0OO00O0 o O
R2 R3 [eNeoNeoNeNe) o O
10K 1K ocooo0o0 oo
[eNeNeNeNe) o O
* 00000
O000O0 o O
S @ 00000 o O
00000 o O
(o]
R4 R5 R6 R7 S coco oo
2.2K 100K 10K 1K oooooO
00000 00000
.

Figure 11-B: Voltage in the Parallel Circuit. Measurement Locations.

Q

Q

P-5. Adjust variable power supply to +10 VDC. Using Figure 11-B, use a voltmeter to measure the

voltages of the first circuit, the second circuit and the third circuit. Remember to move the power jumper.
Record the results (Set the multimeter to 20VDC scale).

P-6. Using the third circuit, measure the voltage across each of the four resistors. Measure the 1 kQ

resistor first, the 10 kQ resistor second, the 100 kQ resistor third and the 2.2 kQ resistor last. Record the
results. (Set the multimeter to 20VDC scale). Note: All the resistors in the circuit dropped the total voltage

(V7).

Lab Project Review

1. Components that are in parallel to each other drop identical voltages.

2. Voltage is equal across all resistors in a parallel resistive circuit.

Global Specialties
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Lab Project 14: Voltmeter Loading

Impedance (Z) is a form of resistance (R) and voltmeters have a very high degree of impedance. When
measuring a circuit, there is little effect on the circuit’s function by a voltmeter. A voltmeter should not change
the operation of a circuit. When measuring across high impedance components, the voltmeter can change the
way the circuit functions. The overall resistance of a circuit is reduced when components (i.e., voltmeter,
resistor, etc.) are placed in parallel. Note: All voltmeters have a certain amount of internal resistance. This
allows some current to flow through the meter (this causes the meter to operate). Some circuit current will pass
through a meter altering the voltage drop of the component being measured. This can change the value of the
circuit.

Objectives
1. Understand that loading effects can affect the accuracy of a voltmeter.
2. Understand Ohm's Law: V =1*R.

Level of difficulty: beginner

Required Materials
1. PB-503, PB-505 or PB-507 Electronic Trainer.
2. Two multimeters (ammeter and voltmeter).
3. Answer and Evaluation Chart 14 for recording measurements, answers and instructor scoring.
4. Parts List: Two 1 MQ resistors.

Circuit Construction

D C-1. Construct the circuit illustrated in Figure 14.

+V GND

o&oo ocoo0o00
R1 0Qoo 00000

orjoo cooo00

oo oo
oo oo
o

+12VDC Ammeter oo o oo o 00000 oo
1M oo oolloo 00000 oo
oo opboo 00000 oo
R2 oo orjooo 00000 oo
™ o o oEooo 00000 o o

()o o000 00000

o000 00000

Ground e

Figure 14: Voltmeter Loading.
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Figure 16-B: Resistance in the Combination Circuit. Second Circuit.

Procedure 3: Calculation and Measurement of Combination Circuit Values

Q

a
a
a
a

P-14A. Referring to Figure 16-B, calculate the total current at A1. Record the answer.
P-14B. Calculate the total current at A2 and A3. Record the answer.

P-15A. Measure the total current at A1. Record the answer. Note: Remove jumper when measuring
current. Replace jumper when done.

P-15B. Measure the total current at A2 and A3. Record the answer. Note: Remove jumper when
measuring current. Replace jumper when done.

P-16. Compare the calculated current and measured current at A2 and A3. Are they within 5%7? If not
recheck. Record the answer.

Circuit Construction

Q

+12VDC

Ground e

C-3. Construct the circuit illustrated in Figure 16-C.
R4 4+

o

1K 1K

00000 O
POPOO0OO0 O
00000

00000 O

1K A4

Figure 16-C: Resistance in the Combination Circuit. Third Circuit.

Procedure 4: Measurement of Current in Multiple Branches of a Segment

Q

a
a
a

P-17. Figure 16-C illustrates a combination circuit with three branches. Note: The current splits through

the circuit segment and current can be measured at A2, A3 and A4. The sum of A2, A3 and A4 can be
measured at A1, which is in series with the power supply.

P-18. Measure the total current at A1. Record the results.
P-19. Measure the branch currents at A2, A3 and A4. Record the results.

P-20. Add the measurements of A2, A3 and A4 together. Does the sum equal the current measured at
A1? Record the answer.
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o O 0O 0O O

P-2B. As if the circuit was operating under normal conditions, use Ohm’s Law (I = V / R) to calculate the
total current (IT) the circuit. Record the answer.

P-2C. Use Ohm’s Law (V = | * R) to calculate the voltage drops across resistors: R1, R2 and R3. Record
the answers.

P-3A. Referring to Figure 18-A, measure the total current (I1) of the circuit. Record the results (Set the
multimeter to 20mA scale).

P-3B. Measure the voltage drops across each individual resistor: R1, R2 and R3. Record the results (Set
the multimeter to 20VDC scale).

P-3C. Compare the calculated current and measured current at R1, R2 and R3. Are they within 5%7? If not
- recheck. Record the answer.

Procedure 2: Characteristics of a Shorted Circuit

+V  GND
3 ooA 00000
(e} Q
R1 R2 R3 oo oo[oo 00000 o o
+12VDC o o oooo 00000 oo
1K t 1K T 1K oo ool oo 00000 o o
- oo o9pdo0 ooooo0 oo
Use jumper oo o[Jooo ooooo0 o o
to short R2 oooo 00000
oo olLlooo 00000 oo
o o 00900 00000 o o
o o oo[Joo 00000 oo
o O oooo 00000 o o
o o \oolLloo 00000 oo
Ground Ammeter O goo OOOOOO
- + podoo0d 00000

Figure 18-B: The Short Circuit.

Q

U0 OO0

P-4. Referring to Figure 18-B, insert a jumper wire on the board as indicated. This will simulate a short
and remove R2 from the circuit.

P-5. With R2 now out of the circuit, calculate the total resistance (Ry) for the circuit. Record the answer.
P-6. Use Ohm’s Law to calculate the new total current (It). Record the answer.

P-7. Use Ohm’s Law (V =1 * R) to calculate the voltage drops across each individual resistor: R1, R2 and
R3. Record the answers. Note: R2, being out of the circuit, should not have any voltage drop (V = 0).

P-8A. Referring to Figure 18-B, measure total current. Record the result.

P-8B. Measure the voltage drop across each individual resistor: R1, R2 and R3. Record the results.

Lab Project Review

1. In a closed, or normally operating circuit, all series components will have the correct current through them
and will drop the predicted voltages.

2. When a component is shorted, it is cut out of the circuit so there isn’t any voltage drop.

3. In a partially shorted circuit, the non-shorted components will have more current and voltage through them
than under normal operating conditions.
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Procedure 1: The Single Pole Single Throw (SPST Switch)

D P-1A. Referring to Figure 20-A, the circuit illustrates a single pole, single throw (SPST) switch with a red

LED to indicate on or off. Is the circuit opened or closed? Will the LED illuminate? Record the answers.
Note: This procedure is using a part of the SPDT switch from the trainer. A SPST switch is obtained this
way.

P-1B. If a jumper wire were inserted between the switch terminals , would the circuit be opened or
closed? Would the LED illuminate? Record the answers.

P-2A. Turn power on and set to +12 VDC. Place the switch in the down position on PB-503 and PB-505

or in the right position on PB-507. Is the circuit opened or closed? Is the LED illuminated? Record the
answers. Note: The switch position on the PB-507 trainer is indicated by the corresponding LED lighting
up.

D P-2B. Place the switch in the up position on PB-503 and PB-505 or in the left position on PB-507 . Is the
circuit opened or closed? Is the LED illuminated? Record the answers.

D P-3. Do the predictions from P-1A and P-1B match the results of P-2A and P-2B? Record the answer.
Turn power off.

Circuit Construction

D C-2. Construct the circuit illustrated in Figure 20-B.

PB-503 PB-505 PB-507
+\$/ GND +V GND +\$/ GND
podb~o| o0 o pod-o| o0 o Xe) o o
oo oo 00022
9o ofo] o o 9o ofo] o o 9o ofo] o o
+12VDC 2% ool o o 2B olol o o 2ol o o
O © ® Of0 o O (o320 Ne] (o] o O O © © 0|0 o O
oforolo| o o oforqofo| o o oforqoflo| o o
oooo o o oooo o o oooo o o
ool Jo|o oloLJolo oloLlolo
olo&ol?O olodolgdO @)
123(123 ®® 00000 ®® 0 F0 000
5% o do000 00000000 00000000
Ground O 385555520 So08000s
10K | | l 00000000 00000000
S9 S10 S9 S10 SPDTH LLlu LL|J<JSPDT2
| | |
12 1 2
SPDT SWITCHES SPDT SWITCHES SPDT SWITCHES

Figure 20-B: The Switch. SPDT Switch.
Procedure 2: The Single Pole Double Throw (SPDT) Switch

D P-4A. Referring to Figure 20-B, the circuit illustrates a single pole, double throw (SPDT) switch which

shifts between two LEDs. If the SPDT switch is in the up position on PB-503 and PB-505 or in the left
position on PB-507, which LED will light? Record the answer.

D P-4B. If the SPDT switch is in the down position on PB-503 and PB-505 or in the right position on PB-507
which LED will light? Record the answer.
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answer. Note: This circuit is considered unbalanced because the values of all the resistors are not the
same on each side of the circuit.

P-6B. Calculate the voltage between output terminal B & ground using the formula:
Vg.c = V1 * R4/ (R3 + R4). Record the answer.

P-6C. Calculate the voltage drop across output terminals A & B using the formula:

Va.s =Va— Vg or Vg — Va. Record the answer.

P-7A. Turn power on. Adjust power to +12 VDC. Measure the voltage from output terminal A to ground.
Record the results.

P-7B. Measure the voltage from output terminal B to ground. Record the results.

P-7C. Measure the voltage between output terminals A & B. Record the results.

oo O O O

P-8. Compare the calculated values to the measured values. Do they match? Record the answer.

Lab Project Review

1. The Wheatstone Bridge is used for accurate measurements because it maintains a constant voltage ratio
across its outputs.

2. The important concept about bridge circuits is not amount of resistance in their branches but their ratios.
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PB-503 PB-505 PB-507

C\i\:v GND @\:v GND +V GND
[o] $OO (o] goo $OO
o o

oo oo o oo
c®qool o0 o ool oo o®gool o0 o
oooloo| o o oooloo| o o oooloo| o0 o
oogébz oo OO%DO oo ooojoo| o o
+12VDC opeo o o opeo o o opao| o o
C) o ) o o
og]oo\ O og\oo\ O og]oo\ O
swi® HC1 JRi 53Tz : —]
T 1u <1K 1; 31 2\::) ddooo000® ddoo0w000
o) PR, 00d00vo00 003 060®0O0
00000000 00000000
Ground e—o 00C00B00 C>ooc,oooooC> Oooooooooo
Sw2 00000000 00000000
S9 $10 S9 $10 SPOTI |—>Lfl<J |—>L|J<—|SPDT2
: ' gi LA AR
SPDT SWITCHES SPDT SWITCHES SPDT SWITCHES

Figure 24: The RC Time Constant

Q

U O 0O O O

P-2. Calculate the time constant for the circuit to fully charge the capacitor (with the voltmeter in series)
using the formula: T = R * C. Record the answer. Note: The voltmeter is going to provide the series
resistance for the capacitor’s time constant. The voltmeter will drop the difference between the applied
voltage and the capacitor’s charge.

P-3A. Use the 63.2% principle, calculate the voltage that should be dropped by the capacitor after the first
time constant. Record the answer.

P-3B. Use the 63.2% principle, calculate the voltage that should be dropped by the capacitor after the

second time constant. Record the answer.

P-3C. Use the 63.2% principle, calculate the voltage that should be dropped by the capacitor after the
third time constant. Record the answer.

P-3D. Use the 63.2% principle, calculate the voltage that should be dropped by the capacitor after the
fourth time constant. Record the answer.

P-3E. Use the 63.2% principle, calculate the voltage that should be dropped by the capacitor after the fifth
time constant. Record the answer.

Procedure 2: Measurement of the Time Constant

Q

Q

a
a

P-4. Referring to Figure 24, place Sw1 and Sw2 (wired as on/off switches) in the circuit as indicated: Sw1
and Sw2 is closed. Set the voltmeter to 20 VDC range and place it in the circuit where indicated. Turn
power on. Note: The voltmeter will drop all 12 VDC. When Sw1 is opened, there will be a charging path
available for the capacitor. Remark: Sw1 is S9 on PB-503 and PB-505; SPDT1 on PB-507. Sw2 is S10 on
PB-503 and PB-505; SPDT2 on PB-507.

P-5A. Open Sw1. Use a timepiece to measure the voltage across the voltmeter after the first time
constant. Record the result. Note: This will be difficult to accomplish and not completely accurate.

P-5B. Measure the voltage across the voltmeter after the second time constant. Record the result.

P-5C. Measure the voltage across the voltmeter after the third time constant. Record the result.
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Date Due

Score

Lab Project 26: Answer and Evaluation Chart 26

Inductors: Use and Identification

Question Answers Points Score
P-1
P-4
P-5
Total
Percentage Score
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Date Due

Score

Lab Project 29: RC Phase Shift

Phase shift circuits are essentially circuits that contain capacitance and inductance. Phase shift circuits are
widely used in communications electronics. The series RC circuit causes the source current to lead the source
voltage.

Objectives
1. Calculate and measure the phase shift of a series RC circuit.

2. Measure the RC phase with a dual-trace oscilloscope.
Level of difficulty: advanced

Required Materials
1. PB-503, PB-505 or PB-507 Electronic Trainer.
2. Oscilloscope.
3. Answer and Evaluation Chart 29 for recording measurements, answers and instructor scoring.
4. Parts List:
A. One 100 Q resistor.
B. One 3.3 KQ resistor.
C. One 68 KQ resistor.
D. One 100 KQ resistor.
E. One 47 nF capacitor.

Circuit Construction

D C-1. Construct the circuit illustrated in Figure 29.

° GND Vin GND
Vin o$ 00000 oooJoo o o iAm
o ooc\\ o od O o g
o] -R2 OOO\:\OOOO o O I 8
R1 <R2 <R3 <R4 0 olRs Joooopieliooa o ol 4 |5
3.3K <68K < 100K <100 o elRiesoa|o00ss ~°°| B
OOOOOO OOOOOO

Figure 29: RC Phase Shift
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Lab Project 31: Answer and Evaluation Chart 31

Impedance

Question Answers

Points

Score

P-1E

P-2

P-3A

P-3B

P-4A

P-4B

P-5

Total

Percentage Score
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D P-8. Referring to Graph 33, do the upper and lower cutoff frequencies approximately match the calculated
cutoff frequencies? Record the answer.

D P-9. If the 10 kQ resistor were replaced by a 470 Q resistor, would the bandwidth increase or decrease?
Record the answer.

Lab Project Review
1. Parallel tuned circuits can be used to pass or block specific ranges of frequencies.
2. The middle range of frequencies that are either passed or blocked is called Bandwidth.

3. When a load is placed across the parallel LC portion of the circuit, a band-pass filter results. The midrange
frequencies are passed to the load while the high and low frequencies are blocked.

4. When a load is placed across the resistor of the circuit, a band-notch filter results. The midrange
frequencies are prevented from reaching the load.
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D P-7A. Place the oscilloscope probe across output voltage (Vgrq). Set the oscilloscope to 2 VDC and
measure the rectified signal. Record the results.

D P-7B. Measure the ripple frequency. Record the results.

D P-8. Use a voltmeter set to DC, measure the voltage across the 1 kQ resistor. This is the average voltage.
Record the results.

D P-9. Trace the input (AC1-AC2) and output signal (VR1) on Graph 35-C.

Lab Project Review
1. Rectifiers convert an AC signal input to a pulsating DC output.
2. Rectifiers can produce either a positive or negative DC signal.
3. A half-wave has a lower average output voltage than a full-wave rectifier.
4. Ripple frequency for a half-wave rectifier is the same as its input frequency.

5. Ripple frequency for a full-wave rectifier is double the input frequency.
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Procedure 1: Measurement of Full-Wave Filtering

D P-1A. Figure 37-A illustrates a full-wave rectifier circuit with a capacitor filter. Apply a 6.3 VAC RMS

voltage from AC power supplies to input (AC1 — AC2). Using an oscilloscope to view, trace the output
across R, on Graph 37-A.

D P-1B. Measure the AC ripple voltage at Vg using a voltmeter set to AC. Record the results.
D P-1C. Measure the DC output voltage at Vg using a voltmeter set to DC. Record the results.

P-2A. Using an oscilloscope set to AC, measure the Peak-to-Peak ripple output at Vg. Record the results.

Trace the output signal on Graph 37-B. Note: It may be necessary to adjust the Volts/cm to obtain a
measurable signal.

D P-2B. Compare these measurements with the measurements of P-1B. Was the ripple Peak-to- Peak

greater or smaller? Record the answer.
D P-2C. Was the ripple frequency the same or double than the input frequency? Record the answer.
Circuit Construction

D C-2. Construct the circuit illustrated in Figure 37-B.

4 x 1N4007
AC1 AC2
QO o O
(o] [¢]
[e][e] o O
6.3VAC olo o o
(o] o O
olo oo
[e][e] o O
O[O0
AC2 o— “HO)

Figure 37-B: The Capacitor As A Filter. Replacing The Filter Capacitors With Smaller Values.
Procedure 2: The Effects of Reduced Capacitance

D P-3. Figure 37-B illustrates the same circuit except that the capacitors have a smaller value. Apply a 6.3

VAC RMS voltage from AC power supplies to input (AC1 — AC2). Measure the output voltage at VR using
an oscilloscope set to DC. Trace the output signal on Graph 37-C.

D P-4A. Using the oscilloscope Measure the Peak-to-Peak ripple output signal. Record the results.
D P-4B. Using an AC voltmeter Measure the ripple voltage. Record the answers.

D P-4C. How much did the ripple voltage change from the first circuit (P-1B) the second circuit? Record the

answer.

Lab Project Review
1. A full-wave bridge rectifier circuit produces less ripple than a half-wave rectifier with similar filtering.

2. The full-wave bridge rectifier’s ripple is twice the frequency as a similar half-wave circuit.
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Lab Project 39: Answer and Evaluation Chart 39

The Light Emitting Diode and Optocoupler

Question

Answers Points

Score

P-2

Chart 39-A

P-3

P-4

P-6

Chart 39-B

P-7
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Lab Project 41: The TRIAC

The TRIAC acts like two SCRs operating in parallel. When this device is gated, current (I) can pass through
either direction. It is an “on only” component.
Objectives

1. Measure TRIAC operation in “forward bias”.

2. Measure TRIAC operation in “reverse bias”.
Level of difficulty: beginner

Required Materials
1. PB-503, PB-505 or PB-507 Electronic Trainer.
2. Multimeter.
3. Answer and Evaluation Chart 41 for recording measurements, answers and instructor scoring.
4. Parts List:
A. One 100 Q resistor.
B. One 270 Q resistor.
C. One TRIAC: 2N6075B.

Circuit Construction

D C-1. Construct the circuit illustrated in Figure 41.

R1100 . A B O
A J1 o$ 00000 00000 $o o
o o 00000 00000 o o Z~
Jumper/Ammeter 6 o[RZ}o 0o W2 6 0 oo o o <8
775 Triact 0 ©{R1 000 &0 00|80 oo
A1 2N6075B o o 00000 ooolFle—o o
Jumper Oooooo 00000
Be 00000 00000
° A1A2 G

Figure 41: The TRIAC.
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Procedure 1: The Operational Amplifier as a Non-inverting Signal Amplifier

Q

UDODO

a
a

P-1A. Figure 43-A illustrates an Operational Amplifier in a non-inverting signal amplifier circuit. Gain (Ay)

can be calculated using the formulas: Ay = 1+ R2 / R1, Ay = Vour / Vin- Apply @ 1 VACp-p signal at 1kHz
from the function generator to the circuit as indicated.

P-1B. Calculate the gain using the formula: Ay = 1+ R2 / R1. Record the answer.
P-1C. Calculate the output voltage for this circuit Voyr = Vin * Ay. Record the answer.

P-2. Apply the +12 VDC, -12 VDC and the ground to the circuit. Turn power on. Set both channels of the

oscilloscope to 1 Volt/cm. Place the probes at terminals A & B. Place the Channel A trace in the upper
half of the graticule and the Channel B trace in the lower half. Measure both traces. Trace the input and
output signals on Graph 43-A.

P-3. Measure the output Peak-to-Peak signal. Record the answer.

P-4. Was there a 180° phase shift between the input and output signals? Record the answer.

Circuit Construction

Q

C-2. Construct the circuit illustrated in Figure 43-B.

-V GND FG +V
$$ [oXXe] o 300 o$
O 00|00 [eNeNeNe)
o O [eleXNe](e] O00O0 o O
'l o O O O OO0 O00O0 o O
. o .3.0 [eNeNeNc/ o ©
Function o o 0000 o o
Generator Q_©O 2000 ofooo o o
Vin OOOO o ooO
A 10K IC1 0000 0000
UA741

Figure 43-B: Operational Amplifier as a Non-inverting Unity Gain Amplifier.

Procedure 2: The Operational Amplifier as a Non-inverting Unity Gain Amplifier

a
a
a

a
a

P-5A. Figure 43-B illustrates an OP-AMP in a non-inverting unity gain amplifier circuit. Apply a 1 VACp-p

signal at 1 kHz from the function generator to the circuit as indicated. Calculate the gain using the
formula: Ay = 1+ R2 / R1. Record the answer.

P-5B. Calculate the output voltage for this circuit Voyr = Vin * R4/(R3+R4) * Ay . Record the answer.

P-6. Set both channels of the oscilloscope to 0.5 Volts/cm. Place the probes at terminals A & B. Place the

Channel A trace in the upper half of the graticule and the Channel B trace in the lower half. Measure both
traces. Trace the input and output signals on Graph 43-B.

P-7. Measure the output Peak-to-Peak signal. Record the answer.

P-8. Was there a 180° phase shift between the input and output signals? Record the answer.

Lab Project Review

1. The operational amplifier's input and output signals are in phase if the non-inverting input is used.

2. The signal must be divided to obtain unity amplifier.
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Function Vin R5
Generator 1K R4
CH1 10K
+12V
R1 R2
R3
2.2K 1K 29K
PB-503 g
-V FG +V
$O oéA)oo 00000 Og
o O [eXe] (o] 00000 O O
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[e o] o oL o 0000 O O
o O 0000 - [oNeNeNc] o ©®
[ee] [oNeNoNe] &} [eNoXNe] O O
g o [oNe] [o N 0000 (e} O_>(:H2
o-{1eplgioo TTo 000 ofFi 1o
OOO (o] O0O0|00
OO(PO 000|000
1 2(3
do&d/
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Q

P-4. Set the R2 potentiometer at the half of the course. What is the shape of the output signal? Record

3

@ R2 1K POT

Figure 45: Triangle to square wave with variable duty cycle.

the answer.

P-5. Rotate the R2 potentiometer between the two extremes. Observe the effect on the output signal.

Record the answer.

P-6A. Set the wiper voltage at -2VDC. Using the formula:

CH1 <

PB-505, PB-507

> CH2

-V FG +V
30 $ooo 00000 og
oo Joorjoo 00000 o o
ooEoo 00000
oo ooldo 0000 o o
oo ocooodvod _[poood 0 ©
oo ocogoq Qpoooa o o
g o ® 0[]0 T 0000 o o
,ooo oo0o0
ofoldo o OOOFOCD
oloogo oooloo
J
dooboood
00000000
OOOOOOOOO
00000000
00000000

(::) R2 1K POT

Duty Cycle % = 100 x (Duration for which Vout is High) / (Duration of a period),

calculate the duty cycle of the output signal. Record the answer.

a
a
a

Lab Project Review

1. Using the comparator is the easiest method of obtaining a rectangular signal with variable duty cycle.

Global Specialties

P-6B. Trace the input and output signals on Graph 45-A.

P-7B. Trace the input and output signals on Graph 45-B.

164

P-3. Set the oscilloscope like so: CH1 on the top half of the screen, DC, x10, 2V/div; CH2 on the bottom

half of the screen, DC, x10, 10V/div; Time base: 200us/div; Trigger CH1. Turn power on. Adjust the +V
power supply to 12VDC and -V power supply to -12VDC. Connect oscilloscope and power supplies +V
and -V terminals to the circuit, as illustrated.

P-7A. Set the wiper voltage at +2VDC. Calculate the duty cycle of the output signal. Record the answer.
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D P-6. Turn the power on. Go through all four possible combinations of the inputs. Complete the truth table
47-C with the results obtained. Turn the power off.

D P-7. Compare the truth tables 47-A and 47-C. What do you observe? Record the answer.
Circuit Construction

D C-4. Construct the circuit illustrated in Figure 47-D.

From Logic Ao > oY
Switches Bo To Logic
71C1 Indicators

O0000 00O

Figure 47-D: The NAND gate with an inverter on output, version 2.

D P-8. Turn the power on. Go through all four possible combinations of the inputs. Complete the truth table
47-D with the results obtained. Turn the power off.

D P-9. Compare the truth tables 47-C and 47-D. What do you observe? Record the answer.

Lab Project Review
1. The logic gate NAND performs the inverse function than the AND gate.

2. The NAND gate can be used as an inverter if one of the inputs is connected to 5V or if the inputs are
connected to each other.

3. If a NAND output is connected to an inverter, the circuit will work as an AND gate.
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Lab Project 49: The “XOR” and “XNOR” gates

Digital circuits are the basis of modern computer technology. Each integrated circuit is designed to perform a
specific function. The XOR and NXOR gates are basic digital devices. They have two inputs and one output.
XOR (eXclusive OR) gate output is high (1) if one, and only one, of the inputs are high (1). XNOR gate output is
low (0) if one, and only one, of the inputs are high (1).

Objectives

1. Measure the operation of an XOR gate.
2. Measure the operation of an XNOR gate.

Level of difficulty: beginner

Required Materials
1. PB-503, PB-505 or PB-507 Electronic Trainer.
2. Answer and Evaluation Chart 49 for recording measurements, answers and instructor scoring.
3. Parts List:

A. One 100n capacitor.

B. Two 1 kQ resistors.

C. One Integrated Circuit: 74HC86.
D. One Integrated Circuit: 74HC266.

Circuit Construction

D C-1. Construct the circuit illustrated in Figure 49-A.

GND 5V
5V $ $
(@] 00000 O000O0 O
A<—O C—O000gqg Oo0G6——o O
) O O [oNeNeNe} [eNeNe] o O
From Logic A v To Logic B «+——vo0o0o0d ocoo
i i O O ocoodq O06—o O
Switches B ficl Indicators Y 4_—/"’0 —ocod s hoooa P
O 6—o000( [DOOOOG—o O
| 74HC86 o o ooooc [poOOOG—o O
- O 6—HO000( DOOOO o O
= Oooooo 00000
00000 [eNeNeNeNe)

Figure 49-A: The XOR gate.
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Lab Project 50: Answer and Evaluation Chart 50

The Combinational logic circuits

Question Answers Points Score
P-2 Truth Table 50-A1
P-3 Truth Table 50-A2
P-4
P-5
P-7 Truth Table 50-B1
P-8 Truth Table 50-B2
P-9
P-10

Total

Percentage Score
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Lab Project 52: The Common Collector Amplifier

The common collector amplifier, often called the emitter follower, is an extremely useful circuit. This is
because the output voltage, taken at the emitter, is always a certain amount less than the input voltage. This
amplifier is not used for voltage gain, but, instead used for current gain and to match impedance. Common
collector amplifiers are typically the output stage of an amplifier circuit. This because the output level will not
greatly decrease when a low impedance load is placed at the output. Common collector amplifiers have no
phase shift between input and output signals.

Objectives

1. Measure current gain for a common collector amplifier.
2. Measure the output voltage from a common collector amplifier.
3. Confirm that common collector amplifiers have no phase shift between input and output signals.

Level of difficulty: medium

Required Materials
1. PB-503, PB-505 or PB-507 Electronic Trainer.
2. Oscilloscope.
3. Multimeter.
4. Answer and Evaluation Chart 52 for recording measurements, answers and instructor scoring.
5. Parts List:

A. One 220 Q resistor.

B. One 1 KQ resistor.

C. Two 22 KQ resistors.

D. One 1 yF electrolytic capacitor.
E. Two 470 pF electrolytic capacitor.
F. One Transistor: 2N2222.

Circuit Construction

D C-1. Construct the circuit illustrated in Figure 52.
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Lab Project 54: Answer and Evaluation Chart 54
The FET Amplifier

Question Answers Points Score

P-1B

P-2

P-3

P-4 Graph 54

P-5

P-6

Total
Percentage Score
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Graph 54: FET Amplifier Input and Output Waveforms.
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Lab Project 56: Answer and Evaluation Chart 56

Oscillators

Question Answers

Points

Score

P-2

P-3

P-4

P-5

P-6

P-8

P-9

P-11A

P-11B

Total

Percentage Score
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2. Oscillators with crystals are used to obtain accurate and stable frequencies.

Name

Date Due

Score

Lab Project 58: Answer and Evaluation Chart 58
Oscillators with logic gates

Question

Answers

Points

Score

P-2

P-3

P-4

P-5

P-6

P-8

P-9

P-10

Global Specialties

220

Total

Percentage Score




Electronics Fundamentals Student Lab Manual

Appendix A
Use of the Global Specialties’ Electronic Trainer, Model PB-507

The PB-507 Advanced Circuit Design Workstation is a versatile, time saving tool for circuit designers,
engineering technicians, students, and hobbyists. A large breadboard area and a wide choice of built-in circuit
accessories allow rapid and accurate construction of virtually any type of analog or digital circuit.

The circuit breadboard area includes over 4100 contact points. The PB-507 can be used to construct from
basic series and parallel circuits to the most complicated multi-stage microcomputer circuits, incorporating the
latest in industrial technology.

The trainer is equipped with USB interface which can be used to fully control the trainer settings from the
computer or for firmware upgrade. A graphic display is used for the user interface. On this display you can read
all of the trainer settings and the component modules working values. A number of LEDs show the input and
output signals state.

Working parameters of the modules (waveforms, signal types, frequencies, levels, duty cycles, voltages and
all other settings) can be saved. The PB-507 Trainer has ten storage locations in non-volatile memory to store
states for recalling. When automatic save is turned on, the settings will be saved in the non-volatile memory
after 3 seconds from the last modification of a parameter. The PB-507 can be configured so that these settings
to be loaded when the trainer is turned on.

Display settings, counter mode, automatic save, power on settings and the trainer security level is
configurable.

Fixed and variable, positive and negative output DC power supplies provide circuit power. In addition to the
DC power supplies, the PB-507 also provides a 12.6 volt center-tapped AC supply.

A multiple-waveform function generator supplies sine, triangle, and square wave output for analog circuits.
For digital circuits a pulse generator can be used wich supplies rectangular wave with variable duty cycle, with
TTL or CMOS level, user selectable.

A self scaling and autoranging frequency counter may be used for measuring frequency.
Outputs include two debounced pushbutton switches and a bank of eight selectable logic switches.

Two built-in potentiometers and two SPDT switches are provided for circuit control and adjustment.
Connections to external test equipment or signal sources may be made using the BNC connector on the PB-
507. A built-in speaker may be used for an analog output.

Eight bicolor LED's make up eight Logic Indicators that will display logic high and low conditions based on
either TTL or CMOS thresholds, selectable by the user.

A built-in logic probe is useful in circuit troubleshooting and two hexadecimal to seven-segment LED’s
displays may be used in circuit designs.

The PB-507 eliminates the clutter and confusion that often results when constructing sophisticated electronic
circuits. Alligator clips and similar connectors are seldom needed.

Sockets on the PB-505 allow insertion of components or wires of up to 20 gauge.

Description of Individual Features
In order to use the full capabilities of the PB-505 properly, it is highly recommended that the user become
familiar with the panel layout and the features of the workstation components. (See figure below).
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Power

By combining the three DC power supplies on the PB-505, the user may work with virtually any type of
integrated circuit or discrete component. The fixed 5 volt supply has become an industry standard for powering
digital IC’s. IC’s which require +5 V, +12 V, and -5 V are easily accommodated by the PB-505. The variable
supply output voltages may be changed by using the adjustment knobs on the front panel. The positive and
negative outputs are continuously variable from +1.3 to +15 volts and -1 .3 to -15 volts respectively. Both
variable supply outputs are referenced to circuit common. This creates a split supply which is often used with
differential and operational amplifiers (Op Amps). In addition to the DC power supplies, the PB-505 also
provides a 12.6 volt center-tapped AC supply. This allows the user to construct any of a variety of half-wave and
full-wave rectified power supplies on the breadboarding area and apply power by simply connecting jumper
wires to the three AC supply output posts.

Function Generator

The multi-waveform function generator provides continuously variable frequency signals from 0.1 Hz (for
extra low frequency work) to radio frequency signals of 100 kHz. The frequency is selected in six decade
ranges, with a vernier pot to adjust frequency within each range. The sine wave output is factory adjusted for
minimum distortion. The triangle waveform is adjusted for best linearity. The standard square wave and TTL
level outputs are both set at a 50% duty cycle. The TTL output, capable of driving up to 10 TTL loads, is
continuously available and in phase with the square wave output. The low output impedance of the sine, square,
and triangle waveforms (600 ohms) assures maximum coupling of the output signal to the device being driven.
All outputs can withstand a continuous short circuit to ground.

Logic Indicators

Sixteen LEDs, eight red and eight green, make up eight Logic Indicators that will display logic high and low
conditions based on either TTL or CMOS thresholds, selectable by the user. Operating voltage can also be
selected by the user to be either at +5 volts, or at the setting of the 1.3 to 15 volt +V supply. This selection
should be the same as the operating circuitry that is to be monitored. The red LEDs will light when the voltages
at the inputs are 2.2 volts or higher and in the TTL position, or 70% of the operating voltage or higher when in
the CMOS position. The green LEDs will light when the voltages at the inputs are 0.8 volts or less when in the
TTL position, or 30% of the operating voltage or less when in the CMOS position. An unconnected input, or an
input not at a valid logic level, will cause both LEDs to be extinguished. Note that the thresholds determined by
the TTL positions are only accurate when +5 volt range is selected. The 100 kQ input impedance ensures
minimal loading effects of the circuit under test.

Debounced Pushbuttons (Pulsers)

The PB-505 uses clocked flip-flops to provide debounced pushbutton switch functions. The pushbutton
circuitry has open-collector outputs that can sink up to 250 mA each. This type of debouncing gives the user a
sharp, glitch-free trigger source that assures reliable operation in digital circuits. Each pushbutton has a
normally-open and a normally-closed output. If necessary, a pull-up resistor can connect any pulser output to
any of the positive voltage sources.

Potentiometers

Two potentiometers are provided on the PB-505. The resistance values chosen (1 k and 10 kohms) may be
used in common circuit applications such as volume controls, DC offset controls for op amps and timing circuit
controls. All leads for both potentiometers are available and uncommitted.
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