Multimeter and
Logic Probe

This board should flash. It doesn't.
How do you find out why?

National 5 Practical Electronics
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Daily Review

1

Complete the AND truth table.

Outputs 0, 1, 1, 0. Name the gate.

Identify the largest: 220 R, 22, 2.2
mQ, 2M2.

State two soldering safety rules.

Name another way to join wires.

@



PART 1

The Multimeter

We are learning to choose and use a multimeter to test a
circuit.



By the end of this part...

1 | can choose the setting and socket

2 | can predict what a meter should read




The Multimeter

A display: the reading

B dial: the setting

C COM: the black lead
D V/Q: the red lead

E ON/OFF button




Choosing the Setting

[

5.20[ |
ON/OFF )

OHM

DCV: voltage. Red in V/Q.

OHM: resistance. Power off.

hFE o) 2k 20k 200k 5y
200

Continuity: a beep means
joined.

dial

Diode check: which way it
conducts.

O 2A max @
DCA: current. Red in A. ~ j t g

red lea lack lead




Reading the Display

P

(]

ON/OFF

| 5.

HEEY, = 2020

02

— display

In range: 5.02

P

1 on the left: over

ON/OFF [ 1 ’
OHM
k 200

DCA

range

— display

P

| -5.02
ON/OFF )
OHM
hFE ) 2k 20k 200k 5y
200 20m
DCA

— display

Minus: leads

swapped



Show Me: State the Setting and Socket

1 State both for a 12 V battery.
2 State both for a 2.2 kQ resistor.

3 State both to check a 1N4001 diode.

4 State both for a current of about 15 mA.

5 State both to check a wire is joined.



Across or In Series

A voltmeter goes across
the part.

An ammeter goes in
series: break the circuit
and put the meter in the

gap.

For current, the red lead
goes in the A socket.

L o

ammeter
in series

voltmeter across R




Testing Jobs 1 to 3

(—————\ OHM 20k - power off

10.0
< dll D
N
A resistor

OHM, range just
above. Power off.

(———\ continuity slide
000|[*)) .

middle pin

N \

A slide switch
Continuity: middle

pin to an outer pin.

(——————\ continuity ‘- power off

A track or joint
Continuity: one
probe each end.



Testing Jobs 4 to 6

(—————\ continuity *+ no beep clip to +V

1 =l 14

0@ )

Lo Hi

7

oV
DCV 20 - power on

cliptoOV pin 3 is logic 1

No shorts The subD A logic level
Continuity: two PPYY The logic probe

DCV 20. Black
tracks side by side. acx on only: not the
OV, red on +V.
No beep. meter.



Your Turn: Predict the Reading

é: Task 1 (B6-L1-p6)

TASK 1 — Predict the reading

Multimeter only, no kit yet. For each job, write the dial setting, the socket for the red lead and
what the display is likely to show. Use the guide. The first row is done for you.

What you are measuring Dial setting Red lead in Likely reading

Example: the supply of the 5V
astable board

Write the dial setting, the

A 10 kQ resistor (brown black orange),

DCV 20 V/Q about 5.00

socket and the likely reading for

A 470 Q resistor (yellow violet brown),
out of the circuit

e a C h j O b ° A push-to-make switch, held pressed

Use the setting guide on p.3.

The same LED, probes swapped

The current through an LED (about 11
mA)




Practise Testing: Job 1

Job 1 of 10 - Level ® Switch and LED (N[Nl 2 Predict /| 3 Test /| 4 Diagnose /| 5 Confirm and fix
Should: slide SW1 on and LED1 lights. Complaint: “LED1 never lights, even with SW1 on.” Technique v 0 X 0

STEP 1 - JOB CARD
Switch and LED

What it should do: slide SW1 on and LED1 lights.

”

The complaint: “LED1 never lights, even with SW1 on.

< Dial: DCV 20 >
Your job: predict, test, find the fault and give your

evidence. Then prove it and fix it. Next tap: Black lead  Swap

Before you switch on: look at the board, and check for
shorts with the power off. Probe Look Lift Power

Look at the board first. Then check for
shorts with the power off, before you
switch on.

The complaint: LED1 never lights, even with SW1 on.



Power on, SW1 on. Red lead on T1, black on T2 (0 V).
State the reading on DCV 20. 4

( ’ N \
Flip board Circuit T3 T4 Another point... v

g] OHM
SW1 Off n SR

1 5 10 15 20 25 X

A +5vE] @ SO
y

: R1 T3 > —
B O
. <4 Dial: DCV 20 >
d LED1 T4
G ‘ © Next tap: BICLRCEGE Black lead ~ Swap
H
|

ov[e] é

Probe Look Lift




Reveal: T1 on DCV 20
Flip board Circuit T3 T4 Another point... v

SW1  Off n
T3
O :
<4 Dial: DCV 20 >

15

LED1

:
*

i 5 10
A +5V[:J
s +
5 R1
D
E
F
G Next tap: Black lead = Swap
H
|

ov[+] Probe Look  Lift
LED1 red: off Readings log Sound  Clear v Right
Point Tool and Setting Reading DCV 20, red lead in V/Q, black on 0 V.
T1 Meter DCV 20 K072V /
T1 Meter DCV 20 5.02V v

5.02 V: the supply reaches the board.



The dial is turned down to DCV 2. State what the display
will show. 4

Flip board Circuit T3 T4 Another point... v
SW1  Off n
15 20 25

1 5 10

A +5V@ @

B +

c R1 6

D

. | Dial: DCV 2 [ 2
F

G

H

I

LED1 T4
‘ O Next tap: BCLHCEE Black lead  Swap
ov[+] é Probe Look Lift




Reveal: DCV 2

Flip board Circuit T3 T4 Another point... v
SW1  Off n
0 15 20 25

i 5 1
A +5V B @
| |
5 R1 T3
0 O
E
F
G
H
|

<4

Dial: DCV 2

LED1 T4
* O Next tap: BiELAGELRN Black lead Swap

ov[e] Q Probe [lcokillite

LED1 red: off Readings log Sound  Clear
Point Tool and setting Reading
T Meter DCV 20 5.02V v
T1 Meter DCV 2 1 (over range) X

1 on the left: over range. Turn up to DCV 20.

X Not quite

>

Power

1 on the left means over range. Turn up

to DCV 20.



On a working board, with SW1 on, state what T4 should
read.

Flip board Board T1 T3 T4 Another point... v
SW1 On

+5V T

Question 1 of 2. Predict: on a working board, with SW1 on, what should T4 read?

About 2V  About5V  About3V  About OV



Reveal: T4 on This Board

Flip board Circuit T1 T3 Another point... v
SW1  Off n
i 5 10 15 20 25

A +5V [Z] O . \ . _‘, -

: R1 o

D C) '

E - Dial: DCV 20 N
F LED1 )

: * @ Next tap: ECLAEELE Black lead  Swap
H

|

ov[e] Q Probe [lcokillite

LED1 red: off Readings log Sound  Clear v Right
Point Tool and Setting Reading DCV 20, red lead in V/Q, black on 0 V.
T1 Meter DCV 2 1 (aver rance) X
T4 Meter DCV 20 5.02V v

Expected about 1.9 V. This board: 5.02 V. What is wrong?



Try It: Job 1

—| Practise Testing

LKL

Try Job 1 yourself: Switch and LED.
Find the fault. Prove it. Fix it.
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Worked Example 1

A student wants to measure the voltage
of a 9 V battery. The multimeter is set
up as shown.

(a) ldentify two changes that must be
made to the multimeter.

(b) State the most appropriate scale to
check the resistance of a 680 Q
resistor.

-

[:][1

ON/OFF

OHM

hFE ) 2k 20k 200k o
200
o

OOOOO

ACA

20
2 _~ACV

COM Vv/IQ

]7

B

— display

4

20
.
2 . .
200
u20|.|

A

OZA max

red lea

t @
lack lead



Marking: Worked Example 1

Question Expected response

(a) Turn the dial to DCV 20
(1 mark)

Connect probe 1 to the V/Q
socket (1 mark)

(b) 2k (1 mark)

Max
mark

2

3/

Additional guidance

Probe must be identified as
probe 1 or red

‘Move the lead’ on its own: O
marks

Accept 2000, no unit required



2024 Question 7

7. A student wants to check that the current
flowing through a component is 1.2 mA DC.

(a) ldentify two changes that must be made to
the multimeter to get the most accurate
measurement.

(b) Draw the symbol for direct current that is
shown on the meter.

(c) State the most appropriate scale that
should be used to check the resistance of a
15 000 Q resistor.




Marking: 2024 Question 7 gy

Max

Additional guidance
mark

Question Expected response

7. (a) Connect probe 1 to the VOmA 2 Probe must be identified as
or middle socket of multimeter probe 1. Accept Red instead of
(1 mark) Probe 1. Accept range/scale as

Select 2000 p range (1 mark) interchangeable

(b) - 1 Also accept A and symbol but
do not accept V and symbol.

(c) 20K 1 Accept 20,000 no unit required



Your Turn: Exam Practice

v—| Exam practice 6-L1-p8-9)

Answer questions 1 and 2 in the booklet.

Show the setting and the socket in each
answer.




Look back — by the end of this part...

1 | can choose the setting and socket

2 | can predict what a meter should read




Daily Review

1 Name the meter for voltage.

Describe how a continuity tester
checks a cable.

3 Complete the NOR truth table.

Brown, black, red, gold. Determine
the resistance.

5 Name a way to identify wiring.




PART 2

The Logic Probe

We are learning to use a logic probe and readings to find a
fault.



By the end of this part...

| can connect a logic probe and read logic 1, logic 0 and a
pulse

2 | can find a fault from readings




The Logic Probe

Metal probe: touch the eracoile clips for
. supply connections
point

Red LED (Hi): logic 1

Green LED (Lo): logic O red LED black wire red wire
' green LED
metal probe re/en
Red wire to +V, black to ® <6 E[ IS ZM ]2

oV



What the Probe Shows

Hi (red): logic 1.
Lo (green): logic O.

Flashing: the point is
pulsing.

Neither: not connected,
or no supply.

Hi Lo Pulse
— O @ )
Hi Lo Pulse
A/
— @& O )
Hi Lo Pulse
— O O )
Hi Lo Pulse



Watch Out: Name the Wires

THE MISTAKE THE CORRECT ANSWER

® Connect the probe to the ° Red wire to +V, black wire

supply rails. toO V.



Show Me: State What the Probe Shows

1 State it for pin 14 of a powered 7408.
2 State it for pin 7 of the same chip.
3 State it for pin 3 of a 555 astable.
4  State it for a point joined to nothing.

5 State it for an AND output, inputs 1 and O.



Finding a Fault

Expected: what it should

read.
Measured: what it does read.
[ Input ]—O—P[ Process ]—O—b[ Output ]
Work in order: input, process, S
test 1 test 2 test 3
output.

Right, then wrong: the fault is
between them.



Your Turn: Probe Detective

v
v—| Task 2 Be-L1-p7)

This is the 555 astable practice board. Each reading below comes from a board with one fault.
T

5V
R4
270

)
7 LED2 green

R3
270

Probe Detective: one fault on w $i
each board.

State the fault. Describe how e s DS GRS e s amalio
you would check it.

(a) T1reads 0 V. State the most likely fault. (1)

(c) T1 reads 5.0 V. The probe on pin 3 shows red all the time and T4 reads 0 V. Suggest the
fault. State what T4 should read. (2)




Practise Testing: Job 3

Job 3 of 10 - Level ® Guard and start (WL NETLl) 2 Predict | 3 Test || 4 Diagnose (| 5 Confirm and fix

Should: LED1 lights only when A and B are both on. Complaint: “The machine light is on before anyone presses

Technique v 0 X 0
start. When the guard is closed and start is pressed, it goes off.” qu

STEP 1 - JOB CARD
Guard and start

What it should do: LED1 lights only when A (guard closed)
and B (start pressed) are both on.

The complaint: “The machine light is on before anyone

presses start. When the guard is closed and start is pressed, « DIELS e AY s
it goes off.”

Next tap: BLELNEEGN Black lead Swap
Your job: predict, test, find the fault and give your
evidence. Then prove it and fix it. Probe | Look | Life Power
Before you switch on: look at the board, and check for
shorts with the power off. Set the probe to CMOS. Power is off

Look at the board first. Then check for
shorts with the power off, before you
switch on.

The complaint: the light is on before start, and off after.



A and B are on. The probe is on T3, the AND gate's
output. State what it should show. 4

Flip board Board T1 T2 T3 Another point... v
A Off n B Off n

Hi Lo Pulse CMOS PULSE

0]

clips: red on T1 (+5 V), black on TZ (0 V)

Meter Look @ Lift

i

(4]

—\H<
>

_.
o
=
58
8
L)m
- N
m
g 3
32
R LY

(O}




Reveal: T3 With A and B On

Flip board Board T1 T2 Another point... v
A Off n B Off n

Jererel B0 |

Ko Lo Pulse CMOS PULSE
( clips: red on T1 (+5 V), black on T2 (0 V)

— S Meter Look Lift

LED1 red: off Readings log Sound Clear v Right
clips on this board's +5 V and 0 V, CMOS,

=

Point Tool and setting Reading . _
With A on. B on Pulse, and the tip on one point.
T3 Probe CMOS Lo (green) v

Expected Hi. The probe shows Lo.



Probe the Inputs

Flip board Board T1 T2 i3 Another point... v
A Off n B Off n
I(A B

3

=

R1
270 Q

wia| | 10k o \/7
LED1 red: off Readings log Sound Clear
Point Tool and setting Reading
1J I 1UJCT CIvV\WVOI [V \5' CCII’ v
IC1 pin 1 Probe CMOS Hi (red) v
IC1 pin 2 Probe CMOS Hi (red) v

Inputs Hi, Hi. Output Lo. Both off: output Hi.

Hi Lo Pulse CMOS PULSE
clips: red on T1 (+5 V), black on T2 (0 V)

TTL e m MEM
Meter Look Lift

v Right
clips on this board's +5 V and 0 V, CMOS,
Pulse, and the tip on one point.



Choose the fault that fits

STEP 4 - DIAGNOSE

1. Choose the fault. Pick one.

R2, A's pull-down, has a dry joint

A 74HCOO (NAND) is fitted, not a 74HCO08

LED1 is the wrong way round

IC1 pin 14 has a dry joint

Choose the fault first. Then tick your evidence.

every reading.

2. Tick the readings that are your evidence. Tick the 3 that apply.

IC1 is printed 74HCO0 (not taken yet)
LED1 is lit with A and B off

T3 shows Lo (green) with A and B on
T3 shows Hi (red) with A and B off

Pin 1 shows Hi (red) with A on

Check my evidence Next: confirm and fix

T1 reads not taken yet




Rule It Out, Then Pick

STEP 4 - DIAGNOSE
1. Choose the fault. Pick one. 2. Tick the readings that are your evidence. Tick the 3 that apply.

R2, A's pull-down, has a dry joint D IC1 is printed 74HCO00 (not taken yet)

{A 74HCO0 (NAND) is fitted, not a 74HCO08

] | ] LED1 is lit with A and B off

] [:] T3 shows Lo (green) with A and B on
LED1 is the wrong way round

| ] T3 shows Hi (red) with A and B off
IC1 pin 14 has a dry joint

E] Pin 1 shows Hi (red) with A on
Right. A NAND gate gives the opposite of AND: Hi for

00, 01 and 10, Lo for 11. The pins are the same, so E] T1 reads not taken yet
the wiring is right, but the output is the wrong way
up.

Now tick your evidence, then check it. Check my evidence

LED1 is ruled out: it lights. NAND fits every reading.



Prove It, Then Fix It

Job 3 of 10 - Level ® Guard and start C\/ 1 Job card) (\/ 2 Predict) (\/ 3 Test) (\/ 4 Diagnose) (s/ 5 Confirm and fix)

v Fixed. With the power off, the 74HCOO0 is taken out and a 74HCO8 fitted, notch at the top. Switch on: T3 shows Hi
only with A and B on, and LED1 lights then.

Flip board Circuit T1 T2 in3 Look at a part... v

@ 2
A off n B Off Job 3 done

Technique v 8 X 0

1 5

@x @ . s Confirm: v you found the 74HC00.

Diagnosis: X not first try.

2
A LR

R

Technique: 8 v, 0 X.

v eEH & m < Dial: DCV 20 >
: h = \ J
. -* Meter Probe Lift

oo oo

XXX XXX Xy

80DHYL

[ W
——
0=

r

B

AL LA,
——
——

LED1 red: on Readings log Sound  Clear v Fixed
Point Tool and setting Reading With the power off, the 74HCOO0 is taken
v pm o2 rFIuDE LMUD ey v out and a 74HCO08 fitted, notch at the
IC1 Look 74HCO00, notch at the v top. Switch on: T3 shows Hi only with A
top and B on, and LED1 lights then.

Look at IC1: printed 74HC00. Power off, fit a 74HCO8.



Try It: Jobs 1 to 3

—| Practise Testing

LKL

Jobs 1 to 3 now.
The rest for homework.
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Worked Example 2

A logic probe is used to test the
output of a 555 astable circuit.

crocodile clips for

The logic probe is set to TTL and supply connections
pulse.
Describe how to connect and red LED B black wire red wire
green
use the logic probe to test the metal probe —
' % =@ =0 E[ S S J2
output. In your answer include =

how a pulse is detected. 3



Marking: Worked Example 2 gy

Ma
Question Expected response ma)lfk Additional guidance
Connect red wire of probe to 3 Do not accept: connect the
+V and black wire to 0 V probe to the supply rails (on
(1 mark) its own)

Place the probe tip on the 4 EIEDEMBIES AT

output, pin 3 (1 mark)
The LEDs flash (1 mark)



2018 Question 5

5. Alogic probe is used to test the
inputs and outputs of a 74 series

logic chip.

. c Crocodile clips for
The logic probe is set to TTL and supply connections /
pulse.
Describe how to connect and use Red LED ) LEBD‘ackW"e Red wire
the logic probe to test the inputs Metal probe

> =0 /(% T7;

and outputs of the chip.

In your answer include how a
logic 1 is detected. 3



Marking: 2018 Question 5

Question Expected response

5.

Connect red wire of probe to
Vsupply and black wire to 0 V
or equivalent. (1 mark)

Place the probe tip onto
circuit at selected point.
(1 mark)

Red LED lights. (1 mark)

Max
mark

3

3/

Additional guidance

Do not accept: connect the
probe to the supply rails (on
its own).

3 independent marks



Your Turn: Key Words

v=[ Key words 6-L1-p10)

Complete the Sentences' ?:r:p‘gzerctl:esentences. Use each word from the box once.
Use each word from the box once.

COM V/Q across series continuity pulsing

1. The black lead always goes in the socket.

2. To measure voltage, the red lead goes in the socket.

3. A meter measuring voltage is connected the part.

4. A meter measuring current is connected in with the part.
5. A beep on the buzzer setting shows

6. A flashing LED on the logic probe means the point is




Look back — by the end of this part...

| can connect a logic probe and read logic 1, logic 0 and a
pulse

2 | can find a fault from readings




Course Specification — 1 of 2

Circuit construction (cont)

ldentify and draw the circuit symbols for, and describe the
function of, the following components (using American National
Standards Institute (ANSI) and International Electrotechnical

Commission (IEC) symbols):

voltmeter and ammeter



Course Specification — 2 of 2

Circuit construction (cont)

Select appropriate scale and range on a multimeter for
measuring voltage, resistance and current.

Describe the use of a logic probe and continuity tester in circuit
testing.
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