
Answers
Chapter 1
W. Bo

© 201
1. D.
lton: P

5 Elsev
2. A.
3. C.
4. A.
5. A.
6. C.
7. See Figure 1.4.
8. See Section 1.3.1.
9. 2 � 1024.
10. See Section 1.3.2 for an explanation of sourcing and sinking and 1.3.1 and
Figure 1.15 for relay and transistor outputs.
Chapter 2
1. A.
2. A.
3. B.
4. D.
5. C.
6. A.
7. A.
8. A.
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382 Answers
9. B.
wne
10. B.
11. C.
12. B.
13. C.
14. C.
15. See (a) Figure 2.6, (b) Section 2.1.4, (c) Section 2.1.3, (d) Section 2.1.8.
16. See Section 2.2.3.
17. See Section 2.2.4.
18. For example, (a) photoelectric transmissive system, (b) capacitive proximity sensor,
(c) mechanical limit switch, (d) inductive proximity sensor.
19. See Section 2.2.4. Consider the behavior of RL circuits.
20. Stepper motor with 5� step.
21. (a) Photoelectric transmissive system, (b) direction control valve operated cylinder.
Chapter 3
1. (a) 3, (b) 63, (c) 13.
2. (a) 110 0100, (b) 1001 0010, (c) 1111 1111.
3. (a) 159, (b) 3411, (c) 1660.
4. (a) E, (b) 51, (c) A02.
5. (a) 1110, (b) 11101, (c) 1010 0110 0101.
6. (a) 250, (b) 12, (c) 1376.
7. (a) 24, (b) 411, (c) 620.
8. (a) 010 111 000, (b) 001 000 010, (c) 110 111 011.
9. (a) 0010 0000, (b) 0011 0101, (c) 1001 0010.
10. (a) 1111 1111, (b) 1101 1101, (c) 1000 0011.
11. (a) �16, (b) �55, (c) �40.
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12. (a) 0.110010 � 2�3, (b) 0.1100 � 2�4, (c) 0.1000 0100 � 24.
13. See Sections 3.7 and 3.8.
14. (a) 1 AND 1, (b) 1 OR 1, (c) 1 AND NOT 1.
15. D 1, CLK 1.
16. It is a D latch as in Table 3.4.
Chapter 4
1. C.
2. D.
3. C.
4. B.
5. B.
6. A.
7. B.
8. A.
9. C.
10. C.
11. A.
12. C.
13. A.
14. D.
15. D.
16. (a) 0, (b) 1.
17. To detect message corruption.
18. See Section 4.5.
19. Input 1 kO, output 100 kO.
20. See Section 4.4.
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21. See Sections (a) 4.5.5, (b) 4.5.2 and 4.5.3.
wne
22. See Section 4.4.
Chapter 5
1. A.
2. D.
3. B.
4. B.
5. B.
6. B.
7. B.
8. D.
9. C.
10. A.
11. A.
12. B.
13. D.
14. C.
15. B.
16. A.
17. C.
18. C.
19. D.
20. C.
21. A.
22. C.
23. A.
spress.com



QCA B

D

QA B

DC

(b)(a)

Figure A.1: Chapter 5, Problem 27.

Answers 385
24. D.
25. See (a) Figure 5.8, (b) Figure 5.10, (c) Figure 5.19, (d) Figure 5.10, (e) Figure 5.11,
(f) Figure 5.5(a), (g) an AND system as in Figure 5.8.
26. (a) An OR gate as in Figure 5.28, (b) as in Figure 5.30, (c) an OR gate as in
Figure 5.28.
27. (a) As in Figure 5.33, (b) see Figure A.1(a), (c) see Figure A.1(b).
28. (a) Q ¼ A þ B, (b) Q ¼ A�B��C, (c) Q ¼ A��B.
Chapter 6

1. C.
2. A.
3. B.
4. D.
5. A.
6. C.
7. A.
8. B.
9. D.
10. A.
11. A.
12. C.
www.newnespress.com
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13. D.
wne
14. B.
15. A.
16. B.
17. A.
18. C.
19. A.
20. D.
21. C.
22. A.
23. C.
24. B.
25. See Figure A.2.
26. WHILE NOT (Level_switch1 AND Drain_valve)
Valve1 :¼1

END_WHILE
Open
valve  1

Fill tank

START switch

Level switch 1

Drain
tank 

Open
valve 2

Level switch 2

Start

End

Figure A.2: Chapter 6, Problem 25.
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Answers 387
27. CASE temperature_setting OF
Furnace_switch :¼1;

1 : temp :¼40;

2 : temp :¼50;

3 ; temp :¼60; fan1 :¼1;

4 : temp :¼70; fan2 :¼1;

ELSE

Furnace_switch :¼0;

END_Case
Chapter 7
1. D.
2. B.
3. C.
4. A.
5. C.
6. C.
7. C.
8. B.
9. A.
10. A.
11. C.
12. D.
13. B.
14. B.
15. B.
16. C.
17. A.
18. A.
www.newnespress.com
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19. A.
wne
20. B.
21. A.
22. A.
23. A.
23. B.
24. See (a) Figure 7.8, (b) Figure 7.9 or 7.10, (c) Figure 7.22.
Chapter 8
1. C
2. B
3. A
4. B
5. B
6. A
7. Call and return subroutines, which are blocks of program code; see Section 8.2.
Chapter 9
1. C.
2. A.
3. D.
4. D.
5. D.
6. D.
7. C.
8. C.
9. B.
spress.com
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10. C.
11. A.
12. A.
13. A.
14. B.
15. D.
16. B.
17. A.
18. D.
19. C.
20. D.
21. B.
22. See (a) Figure 9.4, (b) Figure 9.10, (c) Figure 9.12, (d) see Figure A.3.
Chapter 10
1. C.
2. A.
3. C.
MachineStart BStart A

DN

Start B

Start A
TIMER ON DELAY
TIMER T      4.0
TIME BASE  0.1
PRESET         5
ACCUM

EN

DN

Timer

0.5 s DELAY

Figure A.3: Chapter 9, Problem 22d.

www.newnespress.com



www.ne

390 Answers
4. B.
wne
5. B.
6. B.
7. B.
8. D.
9. C.
10. A.
11. A.
12. B.
13. B.
14. C.
15. B.
16. D.
17. C.
18. C.
19. A.
20. See (a) Figure 10.4, (b) Figure 10.10, (c) see Figure A.4(a), (d) see Figure A.4(b),
(e) similar to Figure 10.10 or 10.11.
Chapter 11
1. D.
2. C.
3. C.
4. D.
5. A.
6. A.
7. C.
spress.com



CU

DN

C5:0 DNI:012/01

C5:0
DN

C5.0
DN

Green light O:013/01

COUNT UP
COUNTER C5.0
PRESET        5
ACCUM           0

CTU

Red light O:013/02

Reset switch
I:012/02 C5.0

RES

(a)

EN

DN

C5:0 DNI:012/ 01

CU

DN

C5:0
DN

T4.0
DN C5.0

COUNT UP
COUNTER C5.0
PRESET        10
ACCUM           0 

TIMER ON DELAY
TIMER       T4.0
TIME BASE 1.0
PRESET         5
ACCUM          0

TON

CTU

(b)

T4:0
DN

RES

C5.0
DN

Output
O:013/01

Figure A.4: Chapter 10, (a) Problem 20c, (b) Problem 20d.

Answers 391
8. C.
9. D.
10. (a) As Figure 11.1/11.2 with a constant input to In 1/X400, so entering a 1 at each
shift, (b) as in Figure 11.3 but instead of a faulty item, a hook with an item, and

instead of a good item, hooks with no items.
Chapter 12
1. C.
2. C.
3. B.
4. B.
5. A.
6. A.
7. B.
8. B.
www.newnespress.com



LESInput
conditions Output

LESS THAN A<B
SOURCE A    Temp
SOURCE B    Set temp  

NEQ

NOT EQUAL
SOURCE A    Data
SOURCE B    100 

Input
conditions Output

(a)

(b)

Figure A.5: Chapter 12, (a) Problem 10c, (b) Problem 10d.

www.ne

392 Answers
9. C.
wne
10. Similar to (a) Figure 12.5, (b) Figure 12.6, (c) see Figure A.5a, (d) see Figure A.5b.
11. See Section 12.4.
12. See Section 12.4.
Chapter 13
1. B.
2. B.
3. C.
4. B.
5. C.
6. A.
7. A.
8. See Section 13.3.1.
9. Power failure, supply off, power tripped.
10. Wiring fault, device fault.
11. See Figure A.6.
12. See Figure A.7.
spress.com



Start for Out 1 Out 1 Start switch closes and starts
Out 1, which in the
absence of a fault takes a
certain time to complete

Out 1 Timer 1

Timer 1

Timer 2

Timer 3

Plus timers
for other outputs

Plus similar rungs for the
other outputs

Timer 1 is set for slightly
longer than completion
time for Out 1

END

Stop for Out 1

If any output takes longer
than expected, the
internal relay is energized.
When this happens it 
switches off all the output
rungs in which it is
located

IR

IR

Figure A.6: Chapter 13, Problem 11.

A

a– a+

A+ A–

B

b– b+

B+ B–

Figure A.7: Chapter 13, Problem 12.
(Continued)
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Start IR 0 A+

a+ IR 0

IR 0 IR 0

B+

b+

a+IR 0

IR 0

IR 0

IR 0

B–

b– A–

When start switch closed,
A+ energized

When a+ activated, B+
energized

When b+ is activated, IR 0
is energized and its contacts
close in this rung and later
rungs but open in earlier
rungs. A+ and B+ switched off

B– switched on

When b– activated, A–
energized

A+ Timer 1

Timer 1 IR 1

B+ Timer 2

Timer 2 IR 2

The output A+ produces a
short duration pulse at
IR 1 as a result of the
timer setting

The output B+ produces a
short duration pulse at
IR 2 as a result of the
timer setting

The above part of the program
gives the sequence A+, B+, B–, A–
and the following part the diagnostics

A– Timer 3

Timer 3 IR 3

B– Timer 4

Timer 4 IR 4

The output A–produces a
short duration pulse at
IR 4 as a result of the
timer setting

The output B–produces a
short duration pulse at
IR 5 as a result of the
timer setting

Figure A.7: Cont’d
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IR 1 LED A+

LED A+

IR 2 IR 3 IR 4 Reset If A+ output occurs, IR 1 closes
and is latched on. LED A+ is
then on. LED A+ is not on
unless IR 1 closed

IR 2 IR 1 IR 3 IR 4 Reset LED B+

LED B+

If B+ output occurs, IR 2 closes
and is latched on. LED B+ is
then on. LED B+ is not on
unless IR 2 closed

END

IR 3 IR 1 IR 2 IR 4 Reset LED A–

LED A–

IR 4 IR 1 IR 2 IR 3 Reset LED B–

LED B–

If A– output occurs, IR 3 closes
and is latched on. LED A– is
then on. LED A– is not on
unless IR 2 closed

If B– output occurs, IR 4 closes
and is latched on. LED B– is
then on. LED B– is not on
unless IR 4 closed

Figure A.7: Cont’d

Answers 395
Chapter 14
1. See Figure A.8.
2. See Figure A.9.
3. See Figure A.10 for a basic answer.
4. Hardwired emergency stop button, not dependent on software.
5. Aþ and Bþ, Cþ, A– and B–, C–.
6. Aþ, Bþ, A�, B�, Aþ, A�.
7. M100 and M101 activated. Ten pulses on X401 counted. Then output.
8. See Figure A.11.
www.newnespress.com



Start Y431 Y432 Y430

T450Y430
K100
T450 is supply pump
timer

Y432 is the heater

T450 T451 Y431 Y432

Y432

Y432 T451

K50
T451 is the heater
timer

Y431 is the 
discharge pump

T451 T452 Y430 Y431

Y431

Y431 T452 K100
T452 is the 
discharge pump timer

Y430 is the supply
pumpY430

Figure A.8: Chapter 14, Problem 1.

Start Stop Y430

Y430 is air pressure supply

Y431Sensor 1
Sensor 1 is a limit switch for
piston at left. Y431 is solenoid
to move piston to right

Sensor 2 T450 Sensor 2 is a limit switch for
piston at right. T450 has K2

Y432T450
Y432 is solenoid to move
piston to left 

Y430

Figure A.9: Chapter 14, Problem 2.
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Y430

Y430 is the motor. X400 is start switch.
X401 is stop switch.

Y431
Y431 is the pump. X402 is start switch.
X403 is stop switch.

Y432

Y432 is solenoid 3. X405 is limit switch 4.
X404 is limit switch 3.

Y433 is solenoid 1. X405 is limit switch 4.
X406 is limit switch 2.

Y434 is solenoid 2. X407 is limit switch 1.

Y434

Y433

X401X400

Y430

X402 X403

Y431

X405 X404

Y431

X405 X406

Y433 X407

Figure A.10: Chapter 14, Problem 3.

Timer 3 Timer 1

Timers 1 and 2 are set running when
timer 3 is off. Timer 1 has been set to
200 s, timer 2 to 300 s and timer 3 to
50 s 

Motor 1Timer 1

Motor 1 switched off after 200 s 

Timer 2 Motor 2

Motor 3Timer 2

Timer 2

Timer 3

Motor 2 switched off after 300 s 

Motor 3 runs when timer 2 is on
and timer 3 off.

Timer 3Timer 2
Timer 3 switched on when timer 2
goes on.

END

Figure A.11: Chapter 14, Problem 8.
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Timer 1 Motor 1

Motor 2

Timer 1 is set running when START
activated. Motor 1 is switched on until
timer 1 goes on. Timer 1 is set for 50 s.

Timer  1

END

Timer  2

Timer  2

Timer 3 Motor 3

Timer  4

Timer  4

Motor 1

Motor 2

Motor 3

START STOP

STOP

STOP

Timers 2 and 3 are set running when
timer 1 goes on. Motor 2 is switched 
on until timer 1 goes on. Timer 2 is set 
for 50 s. Timer 3 is set for 40 s 

Timer  3

Timer 4

Timer 1

Motor 3 is switched on when timer 3
goes on and off when timer 4 goes
on. Timer 4 is set for 50 s 

Figure A.12: Chapter 14, Problem 9.
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9. See Figure A.12.
wne
10. A basic specification might be as follows: The lift can only move when both access
doors are closed and the lift door is closed. The lift will move from the ground floor

to the first floor when a call command is given from the first floor and move to the

ground floor when a call command is received from the ground floor. Signal lamps

at each floor will indicate on each floor which floor the lift is at. See Figure A.13 for

a possible program. You might like to refine the program by adding a timer which

will sound an alarm if the lift takes too long between floors.
spress.com



Start Stop
Ground

door

Starting from the ground floor

Raise lift to first floor

Lift
door IR 1

Call from
first

Lift at
first IR 1

Lower lift
output  

Raise
lift

Left
first

Raise lift
output

Lower lift to ground floor

Call from
ground 

Lift at
ground IR 1

Raise lift
output  

Lower  
lift

Left
ground

Lower lift
output 

Lift at ground Lift at ground floor lamp   

Lift at first

Door open at ground 

Door open at first

Lift at first floor lamp    

Door at ground floor lamp   

Door at first floor lamp   

Lamps indicating location of lift and 
whether door is open 

END

Figure A.13: Chapter 14, Problem 10.
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