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2. A large walk-in refrigerator has an electronic alarm system designed to sound a high-powered
siren if the temperature goes above 4°C.


24V o-


R V,N


I0V


The thermistor has a resistance of 3.2kQ at 4°C.


(a) Determine a suitable value for R.


24V
8A


V,OUT


n [2]


Explain how to adapt the circuit to allow adjustment of the temperature at which the alarm
is triggered. [1]


s\z
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(c) An engineer tests the system and records the following parameters when the MOSFET
just saturates.


V,N /V


6.5


VQUT / V


1.38


I 2 /A


7.94


(i) Estimate the value of I., 0


(ii) Use the results to calculate:


(I) the value of gM.


ID r


(II) the value of rDSon. [3]


- 3 .
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2. A large walk-in refrigerator has an electronic alarm system designed to sound a high-powered
siren if the temperature goes above 4°C.
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5kQ


0V


10kQ V,IN


I
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VOUT


The thermistor has a resistance of 3.2kQ at 4°C.


(a) Determine a suitable value for R. [2]
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(b) Explain how to adapt the circuit to allow adjustment of the temperature at which the alarm
is triggered. [1]
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(c) An engineer tests the system and records the following parameters when the MOSFET


just saturates.


VIN/V


6.5


VOUT / V


1.38


I 2 /A


7.94


(i) Estimate the value of 11 .(


(ii) Use the results to calculate:


(I) the value of gM.


<)*T


(II) the value of rDSon.


P -^TZ\\"


[1]


[3]


V"1 -
TT "^.


[3]
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths 
2 (a)  Method  (1) either calculate Vthreshold = 16V  


or ratio RTH/R = 5k/10k 
R = 6.4kΩ 


 1 
1 


 2 2 


 (b)  Change any fixed value resistor to a variable 
resistor/potentiometer 


1   1  


 (c) i I1 = 0 (approx.) 1   1  
  ii (I)   Selects and re-arranges formula  gm=ID/(VGS-3) 


    substitutes in equation gM = 7.94/(6.5-3)   (1) 
         2.27(S)   (1) 
 
(II)     Uses equation rDSon = VOUT/I2   (1) 
          1.38/7.94   (1) 
           0.17 (Ω)   (1) 
Or equivalent  


1 
 
 
 
1 


 
1 
1 
 
 


1 
1 


 


 
 


3 
 
 
 


3 
6 


   Question 2 total 4 6 0 10 8 


 
  












2. A large walk-in refrigerator has an electronic alarm system designed to sound a high-powered
siren if the temperature goes above 4°C.
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24V o-


R


I


5kQ


10kQ


0V o- I


V,N


I


, <
'2


24V


VOUT


The thermistor has a resistance of 3.2kQ at 4°C.


(a) Determine a suitable value for R. [2]


x-- -is.
. .


fibj Explain how to adapt the circuit to allow adjustment of the temperature at which the alarm
is triggered. [1]


iuuitcx IK
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Sticky Note

Finding the current is one possible method for finding the switching threshold but cannot be used in this potential divider as R is unknown. To apply it use 24/15k, giving 1.6mA and then 1.6mA x 10k to get 16V for switching.



Sticky Note

The candidate has just reversed the previous calculation and ended up where they started.



Sticky Note

E24 values are only wanted when requested but are not penalised even though they don't appear in the mark scheme.



Sticky Note

Just 2 marks available is a hint that it is possible to find the answer in two simple steps.



Sticky Note

This alters the temperature of switching but does not make it adjustable.







I
(c) An engineer tests the system and records the following parameters when the MOSFET


just saturates.
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VIN/V


6.5


VOUT / V


1.38


I2 /A


7.94


(i) Estimate the value of 11


(ii) Use the results to calculate:


(I) the value of gM.


.I...'


[1]


[3]


(II) the value of rDSon. [3]


x\
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Sticky Note

Subtracting the two values for current given in the question was a very frequently seen mistake. The gate current for a MOSFET is taken as zero due to the very high input impedance.



Sticky Note

A textbook answer with all stages of the working clearly shown. Ideally the units of S would also be given but this is not penalised here.



Sticky Note

This is the harder of the 2 methods for finding this resistance but was the one that most candidates attempted. This is probably because of the formula being given in the data sheet. Unfortunately this candidate has incorrectly calculated the power. However, rearranging the equation and using the correct current value gives 2 ecf marks. Once again the units are missing.
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2. A large walk-in refrigerator has an electronic alarm system designed to sound a high-powered
siren if the temperature goes above 4°C.
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R V,N


I0V


The thermistor has a resistance of 3.2kQ at 4°C.


(a) Determine a suitable value for R.


24V
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Explain how to adapt the circuit to allow adjustment of the temperature at which the alarm
is triggered. [1]
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Sticky Note

Correct application of the voltage divider formula but the answer has not been used to find a value for R.



Sticky Note

There is no indication of how this variable resistor is to be used. It must replace one of the fixed resistors.







(c) An engineer tests the system and records the following parameters when the MOSFET
just saturates.


V,N /V


6.5


VQUT / V


1.38


I 2 /A


7.94


(i) Estimate the value of I., 0


(ii) Use the results to calculate:


(I) the value of gM.


ID r


(II) the value of rDSon. [3]
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Sticky Note

This was a very typical  answer. Rather than using the simple R=V/I equation, with data from the table, most candidates attempted to use the power equation (probably because this is the one given on the data sheet). The majority then calculated the power incorrectly, as here. However, if they used the subsequent equation correctly, with I= 7.94A ecf marks were awarded.
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2. A large walk-in refrigerator has an electronic alarm system designed to sound a high-powered
siren if the temperature goes above 4°C.


24V


R


5kQ


0V


10kQ V,IN
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24V
8A


VOUT


The thermistor has a resistance of 3.2kQ at 4°C.


(a) Determine a suitable value for R. [2]


.


(b) Explain how to adapt the circuit to allow adjustment of the temperature at which the alarm
is triggered. [1]
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Sticky Note

Both marks awarded for the correct numerical answer without working as it is possible to deduce the resistance by inspection (of the ratios of the resistances).



Sticky Note

Too vague. Ideally if the potentiometer is selected it should replace both the 5k and 10k resistors.
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(c) An engineer tests the system and records the following parameters when the MOSFET


just saturates.


VIN/V


6.5


VOUT / V


1.38


I 2 /A


7.94


(i) Estimate the value of 11 .(


(ii) Use the results to calculate:


(I) the value of gM.


<)*T


(II) the value of rDSon.


P -^TZ\\"
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Sticky Note

10mA is just an arbitrary answer and not related to any of the information given. Candidates are expected to know that the very high input impedance of MOSFET's means this should be zero.



Sticky Note

One mark given for the correct rearrangement of the formula. This incorrect substitution of data was seen a number of times. 



Sticky Note

A real muddle of equations unsuccessfully tried here. The candidate has the made a mistake with the V squared equation using I instead of R. Even if the correct equation had been used it would have ended up as the simple R=V/I version given in the mark scheme.



Sticky Note

Incorrect values used by the candidate
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2. A large walk-in refrigerator has an electronic alarm system designed to sound a high-powered 
siren if the temperature goes above 4°C.
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0 V


_


+


24 V


24 V
8 ASiren


VOUT
I2VIN10 kΩR


5 kΩ


I1


 The thermistor has a resistance of 3.2 kΩ at 4 °C.


 (a) Determine a suitable value for R. [2]


 


 


 (b) Explain how to adapt the circuit to allow adjustment of the temperature at which the alarm 
is triggered. [1]
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 (c) An engineer tests the system and records the following parameters when the MOSFET 


just saturates.
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VIN / V VOUT / V I2 / A


6.5 1.38 7.94


 (i) Estimate the value of I1.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]


 (ii) Use the results to calculate:


 (I) the value of gM. [3]      


 


 


 (II) the value of rDSon. [3]
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8. (a) The circuit for a power supply is shown below.
The AC supply is 12V(rms), 50 Hz.


12VAC(rms)


M


3300 ̂F —
•)


+
— VLOAD


RLOAD


180Q


Calculate:


(i) the peak voltage V0 of the AC supply.


•<* l-T-.jzrv


(ii) the peak voltage VLOAD and hence the peak load current.


-


(iii) the ripple voltage.
X


Mr '
r


Vr - /.
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(b) A regulated power supply has the following specification:


• a stabilised output voltage of 8.2V
• a load current of 60mA
• when the load is disconnected the power in the Zener diode must not exceed its


maximum power rating.


15V o-


100Q


8.2V


0V o-


A design for the system is shown on the left.


Zener diode parameters:


Vz =8.2V
Pz = 500mW(max)
lz = 10mA (minimum required to maintain


the Zener voltage)


'LOAD


Evaluate the design against the circuit specification and suggest any changes in the
design or component parameters required to meet the specification fully. [6 QER]


I
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8. (a) The circuit for a power supply is shown below.
The AC supply is 12V(rms), 50 Hz.


12VAC(rms) 3300 nF
RLOAD


180Q


Calculate:


(i) the peak voltage V0 of the AC supply^- [2]


. .g . . - . . . . .' . lJiT-I /A/ * \ - V ^ / V


(ii) the peak voltage VLOAD and hence the peak load current. UrfJ^ [3]


.14 .. ukeO - l.5 .̂.r..ft.:./


(iii) the ripple voltage. [3]
(7}


.ML".
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(b) A regulated power supply has the following specification:


• a stabilised output voltage of 8.2V
• a load current of 60mA
• when the load is disconnected the power in the Zener diode must not exceed its


maximum power rating.


15V o-


100Q


8.2V /5


0V o-


LOAD


A design for the system is shown on the left.


Zener diode parameters:


VZ=8.2V
Pz = 500mW(max)
lz = 10mA (minimum required to maintain


the Zener voltage)


l I t /


Evaluate the design against the circuit specification and suggest any changes in the
design or component parameters required to meet the specification fully. [6 QER]


f.i?.<wu.?yi ...... fflfc^v ......... /


tk
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(a) The circuit for a power supply is shown below.
The AC supply is 12V(rms), 50 Hz.


12VAC(rms) 3300^F
'LOAD 180Q


Calculate:


(i) the peak voltage V0 of the AC supply.


n \) the peak voltage VLOAD and hence the peak load current.


the ripple voltage.


- •V f-.zsA V fe/


[2]


[3]


[3]


- 16̂ 1


-\-vf
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(b) A regulated power supply has the following specification:


• a stabilised output voltage of 8.2V
• a load current of 60mA
• when the load is disconnected the power in the Zener diode must not exceed its


maximum power rating.


15V o-


100Q


L/1


ov


8.2V


A design for the system is shown on the left.


Zener diode parameters:


VZ=8.2V
P2 = SOOmW (max)
lz = 10mA (minimum required to maintain


the Zener voltage)


I P 'LOAD


Evaluate the design against the circuit specification and suggest any changes in the
design or component parameters required to meet the specification fully. [6 QER]
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths 
8 (a) i Selects and substitutes into equation  V0  = √2 x 12   (1) 


17V   (1) 
1 


1  2 2 
  ii VLOAD = 16.3 V  ecf    (17 ecf -0.7)   (1) 


Use of  ILOAD = VLOAD/RLOAD = 16.3/180   (1)  ecf 
0.091 A  or 91 mA   (1) 


 1 
1 
1  3 3 


  iii Selects and substitutes into ripple voltage equation   (1) 
Correct use of multipliers  Vr = 91 x 10-3/ (50 x 3300 x 10-6)  (1) 
ecf(ii) 
0.55 V   (1) 


1 1 
1 


 3 2 
 (b)  AO2 allocation: Applies knowledge of the use of Zener diodes 


in electronic systems and understands the effects of loading 
Zener voltage regulators.  2 marks 
 
AO3 allocation: Analysis a problem and evaluates an 
electronic system to meet a given specification. Can interpret 
data to identify whether the specification is met.  4 marks 
 
Indicative Content:  
The Zener diode will maintain a stabilised output voltage of 
8.2V provided the Zener current does not fall below 10mA. As 
soon as the Zener current falls below 10mA the Zener voltage 
will start to drop. When the Zener current nears zero the circuit 
becomes a voltage divider consisting of the 100Ω resistor and 
the load. 
 
The maximum current is 6.8/100 = 0.068A or 68mA. This is 
lower than the specification which requires 70 mA (60+10) OR 
ideal value of R = 6.8/70 = 97Ω  therefore 100Ω too large to 
allow specification current. 
 
When load disconnected 68 (70) mA flows through the Zener 
giving power of 68x8.2 = 558mW (70x8.2=574mW) which is 
more than the Zener can dissipate and so it will fail. 


 2 4 6  
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths 
   Changes to meet specification: 


Replace 100Ω resistor with value less than or equal to 97Ω. If 
preferred value of 91Ω is us ed then IR = 74.7mA and ILOAD = 
64.7mA. 
Replace zener with one of higher power e.g. 8.2 x 74.7=612.5 mW 
minimum. 
 
5-6 marks  
Comprehensive analysis of circuit performance measured against 
specification and supported by appropriate calculations on current 
handling and power. Conclusions drawn with reference to the 
evidence. 
 
There is a sustained line of reasoning which is coherent, 
substantiated and logically structured.  The information included in 
the response is relevant to the argument. 
 
3-4 marks  
Complete analysis of either current or power with calculations or 
partial analysis of both. Some comment on comparison between the 
behaviour of the circuit and the specification. 
 
There is a line of reasoning which is partially coherent, supported by 
some evidence and with some structure.  Mainly relevant information 
is included in the response but there may be some minor errors or 
the inclusion of some information not relevant to the argument. 
 
1-2 marks  
Limited analysis with an attempt at least one calculation. 
 
There is a basic line of reasoning which is not coherent, supported by 
limited evidence and with very little structure.  There may be 
significant errors or the inclusion of information not relevant to the 
argument. 
 
0 marks  
No attempt made or no response worthy of credit 


     


   Question 8 total 2 8 4 14 7  
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8. (a) The circuit for a power supply is shown below.
The AC supply is 12V(rms), 50 Hz.


12VAC(rms)


M


3300 ̂F —
•)


+
— VLOAD


RLOAD


180Q


Calculate:


(i) the peak voltage V0 of the AC supply.


•<* l-T-.jzrv


(ii) the peak voltage VLOAD and hence the peak load current.


-


(iii) the ripple voltage.
X


Mr '
r


Vr - /.
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[3]


[3]
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Sticky Note

Initially correct use of ripple voltage equation (one mark) but then unfortunately the frequency was halved giving an incorrect result.
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(b) A regulated power supply has the following specification:


• a stabilised output voltage of 8.2V
• a load current of 60mA
• when the load is disconnected the power in the Zener diode must not exceed its


maximum power rating.


15V o-


100Q


8.2V


0V o-


A design for the system is shown on the left.


Zener diode parameters:


Vz =8.2V
Pz = 500mW(max)
lz = 10mA (minimum required to maintain


the Zener voltage)


'LOAD


Evaluate the design against the circuit specification and suggest any changes in the
design or component parameters required to meet the specification fully. [6 QER]


I


©WJECCBAC Ltd. (B490U10-1) Turn over.
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Sticky Note

A definite higher tier answer that addresses all three points in the specification well. It includes extra detail such as the proposed new value of R and the fact that this will exacerbate the power problem. 
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Sticky Note

The different parameters reference is a bit vague and only hints at the need for a higher power zener diode. The extra load resistor in parallel is wrong and will of course increase the load current.



Sticky Note

Very few answers dealt with the issue of the output voltage at all. This is a good response but would be improved if the candidate mentioned that Vz would fall if the 10mA was not maintained.
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8. (a) The circuit for a power supply is shown below.
The AC supply is 12V(rms), 50 Hz.


12VAC(rms) 3300 nF
RLOAD


180Q


Calculate:


(i) the peak voltage V0 of the AC supply^- [2]


. .g . . - . . . . .' . lJiT-I /A/ * \ - V ^ / V


(ii) the peak voltage VLOAD and hence the peak load current. UrfJ^ [3]


.14 .. ukeO - l.5 .̂.r..ft.:./


(iii) the ripple voltage. [3]
(7}


.ML".
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Sticky Note

Us e of 12V is incorrect as 17V is the peak value. Current calculation gains ecf marks.



Sticky Note

The candidate has mis-interpreted the formula assuming 1 instead of the current. The ecf in the mark scheme refers to the current value from b(ii) only.
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(b) A regulated power supply has the following specification:


• a stabilised output voltage of 8.2V
• a load current of 60mA
• when the load is disconnected the power in the Zener diode must not exceed its


maximum power rating.


15V o-


100Q


8.2V /5


0V o-


LOAD


A design for the system is shown on the left.


Zener diode parameters:


VZ=8.2V
Pz = 500mW(max)
lz = 10mA (minimum required to maintain


the Zener voltage)


l I t /


Evaluate the design against the circuit specification and suggest any changes in the
design or component parameters required to meet the specification fully. [6 QER]


f.i?.<wu.?yi ...... fflfc^v ......... /


tk
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Sticky Note

Limited analysis supported by little evidence and with very little structure.The 68mA on the diagram deserves credit but there is no further reference to it.The calculation of the load R is not really relevant. The 61mA has been calculated using 500/8.2 so the reference to power overload is not supported. There is no reference to the 10mA to maintain the zener voltage. 
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(a) The circuit for a power supply is shown below.
The AC supply is 12V(rms), 50 Hz.


12VAC(rms) 3300^F
'LOAD 180Q


Calculate:


(i) the peak voltage V0 of the AC supply.


n \) the peak voltage VLOAD and hence the peak load current.


the ripple voltage.


- •V f-.zsA V fe/


[2]


[3]


[3]


- 16̂ 1


-\-vf
©WJEC CBAC Ltd. (B490U10-1)
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Sticky Note

The candidate had the correct answer but unfortunately shot themselves in the foot with the root 2 multiplication.



Sticky Note

A number of candidates halved the frequency of the supply and consequently ended up with twice the ripple voltage. This confusion is probably due to the fact that the full wave rectifier does alter the frequency.
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(b) A regulated power supply has the following specification:


• a stabilised output voltage of 8.2V
• a load current of 60mA
• when the load is disconnected the power in the Zener diode must not exceed its


maximum power rating.


15V o-


100Q


L/1


ov


8.2V


A design for the system is shown on the left.


Zener diode parameters:


VZ=8.2V
P2 = SOOmW (max)
lz = 10mA (minimum required to maintain


the Zener voltage)


I P 'LOAD


Evaluate the design against the circuit specification and suggest any changes in the
design or component parameters required to meet the specification fully. [6 QER]


©WJECCBACLtd. (B490U10-1) Turn over.
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Sticky Note

This candidate has calculated 7V using the design current and the value of R but has then taken this as the voltage drop across the zener rather than R. This leads to the incorrect value of power being calculated initially but the conclusion drawn matches this error and hence is credit-worthy.  The  second value of power is correct but there is no suggestion of a remedy. 
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8. (a) The circuit for a power supply is shown below.
  The AC supply is 12 V (rms), 50 Hz.


© WJEC CBAC Ltd.


+
12 V AC (rms) 3300 µF VLOAD


RLOAD


180 Ω


Calculate:


 (i) the peak voltage V0 of the AC supply. [2]


 


 


 (ii) the peak voltage VLOAD and hence the peak load current. [3]


 


 


 


 


 (iii) the ripple voltage. [3]


 


 


 


 







19


(B490U10-1)
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 (b) A regulated power supply has the following specification: 


 • a stabilised output voltage of 8.2 V
 • a load current of 60 mA
 • when the load is disconnected the power in the Zener diode must not exceed its 


maximum power rating.


© WJEC CBAC Ltd.


A design for the system is shown on the left.


Zener diode parameters:  


          VZ =8.2 V
          PZ = 500 mW (max)
          IZ = 10 mA (minimum required to maintain 
                             the Zener voltage)


15 V


LOAD


100 Ω


  Evaluate the design against the circuit specification and suggest any changes in the 
design or component parameters required to meet the specification fully. [6 QER]


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


8.2 V


0 V


Turn over.
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10. A transistor switch is used to operate a relay.


12V


(a) The transistor has a current gain, hFE = 60.
The relay has a resistance of 168 Q
Calculate the value of V,N that will just saturate the transistor.


- G - 3


be?


[5]


(i) Draw a graph to show how Vx changes as V,N is increased from 0 to 8V. [2]


V X / V


15'


10


5


0-1
8


Use the graph to determine the value of Vx when V[N = 3 V.


5


10 v,N/v


[1]
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(c) Calculate the collector current and power dissipated in the transistor when V,N = 3 V. [4]
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\1 15-


fdj The switching circuit is used to control a 240V mains light. The light is switched on
automatically when it gets dark.


Complete the diagram below by adding:


the light sensing sub-system
a component that protects the transistor against back emf
the secondary circuit of the relay. [4]


12V


©WJECCBACLtd. (B490U10-1) Turn over.
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10. A transistor switch is used to operate a relay.


12V o


(a) The transistor has a current gain, hFE = 60.
The relay has a resistance of 168 Q
Calculate the value of V,N that will just saturate the transistor.


GO


_ ,K _.


'1 = 5-115


[5]


(i) Draw a graph to show how Vx changes as V!N is increased from 0 to 8V. [2]


V X /V


8 10 V I N /V


(ii) Use the graph to determine the value of Vx when V,N =
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(c) Calculate the collector current and power dissipated in the transistor when V,N = 3 V. [4]


«• a
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The switching circuit is used to control a 240V mains light. The light is switched on
automatically when it gets dark.


Complete the diagram below by adding:


the light sensing sub-system
a component that protects the transistor against back emf
the secondary circuit of the relay. [4]


240V
AC
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10. A transistor switch is used to operate a relay.


12V


5kQ


V,IN
Vx


ov.


(a) The transistor has a current gain, hFE =(60J
The relay has a resistance of 168 Q
Calculate the value of V]N that will just saturate the transistor. [5]


(b) (i) Draw a graph to show how Vx changes as V,N is increased from 0 to 8V.


pc^c^ c


V X /V


- [2]


Use the graph to determine the value of Vx wheff V[N = 3 V.


<o\J
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(c) Calculate the collector current and power dissipated in the transistor when V,N = 3 V. [4]


T.c. : .


Examiner
only


The switching circuit is used to control a 240V mains light. The light is switched on
automatically when it gets dark.


Complete the diagram below by adding:


the light sensing sub-system
a component that protects the transistor against back emf
the secondary circuit of the relay. [4]


2.
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths 
10 (a)   IC = 12/168    (1) 


 = 0.071 [A]     71 [mA]    (1) 
IB  = 71/60 = 1.19 [mA]    (1) 
V5k = 1,19 x 5 = 5.95 [V]    (1) 
VIN = 5.95 + 0.7 = 6.65 [V]    (1) 


1 
 
 
  
1 


  
1 
1 
1 


 


5 4 
 (b) i Horizontal line from VX = 12 V until VIN = 0.7    (1) 


Sloping line to touch x-axis at 6.65 V ecf    (1) 
1 
1 


  
2 


2 
 


   
ii 


(Graph used to determine VX  at VIN = 3V  ) 
7 .0±1 V   (1) 


   
1 


 
 


1 
1 


 (c)   IC = (12-7)/168     or VR = 3-0.7 = 2.3 V 
ecf  b(ii)  IB = 2.3/5000 4.6 x 10-4     (1)  
0.0297 A  = 30 mA  IC = 4.6 x 10-4 x 60 = 27.6 mA   (1) (24-36) 
 
PTR = 7 x 30     (1)    ecf  
210 mW   (1)    (192-216)  


 1 
1 
1 
1 


 


4 4 
 (d)  Resistor and LDR (or other opt-electronic component) as potential 


divider at VIN  (1) 
Correct component orientation (LDR to 0V)   (1) 
 
Diode connected across relay with correct orientation 
 
AC circuit connected to relay switch    (1) 


1 
 
1 
 
1 
 
1 


  


4  


   Question 10  total 8 8  16 11 
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10. A transistor switch is used to operate a relay.


12V


(a) The transistor has a current gain, hFE = 60.
The relay has a resistance of 168 Q
Calculate the value of V,N that will just saturate the transistor.


- G - 3


be?


[5]


(i) Draw a graph to show how Vx changes as V,N is increased from 0 to 8V. [2]


V X / V


15'


10


5


0-1
8


Use the graph to determine the value of Vx when V[N = 3 V.


5


10 v,N/v


[1]
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Sticky Note

If in doubt subtract 0.7 is a mantra used by many candidates. This of course gives the incorrect collector current and hence loses the first 2 marks.



Sticky Note

Both I(B)and V(5k) calculated with ecf. It would help if the quantities were labelled. Despite the 0.7 being shown on the diagram it has not been used to calculate V(IN).



Sticky Note

An unusual variation of the many incorrect graphs seen. The value read from the graph is inaccurate.
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(c) Calculate the collector current and power dissipated in the transistor when V,N = 3 V. [4]


Examiner
only


\1 15-


fdj The switching circuit is used to control a 240V mains light. The light is switched on
automatically when it gets dark.


Complete the diagram below by adding:


the light sensing sub-system
a component that protects the transistor against back emf
the secondary circuit of the relay. [4]


12V


©WJECCBACLtd. (B490U10-1) Turn over.
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Sticky Note

Candidates attempting this method of calculating the collector current frequently lost the first mark due to the missing 0.7V. As h(FE) was used correctly an ecf mark was given.The wrong power formula has been selected and so the power of the relay has been inadvertently calculated



Sticky Note

To work properly the LDR should form a voltage divider across the power rails with a resistor. The LDR should also be to 0V.The ac supply must not be connected to the 12V rails.
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10. A transistor switch is used to operate a relay.


12V o


(a) The transistor has a current gain, hFE = 60.
The relay has a resistance of 168 Q
Calculate the value of V,N that will just saturate the transistor.


GO


_ ,K _.


'1 = 5-115


[5]


(i) Draw a graph to show how Vx changes as V!N is increased from 0 to 8V. [2]


V X /V


8 10 V I N /V


(ii) Use the graph to determine the value of Vx when V,N =


©WJECCBACLtd. (B490U10-1)


:xammer
only


/


u



Sticky Note

A example of the correct way to answer this question with quantities, working and units given. Some of the values written on the diagram are unexplained.



Sticky Note

The inverse of the correct graph is shown here.However, the value has been read correctly for ecf.
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(c) Calculate the collector current and power dissipated in the transistor when V,N = 3 V. [4]
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The switching circuit is used to control a 240V mains light. The light is switched on
automatically when it gets dark.


Complete the diagram below by adding:


the light sensing sub-system
a component that protects the transistor against back emf
the secondary circuit of the relay. [4]


240V
AC


©WJECCBACLtd. (B490U10-1) Turn over. (0



Sticky Note

The collector current has been correctly calculated by this method.  To calculate the power dissipated by the transistor this current should have been multiplied by the value of voltage obtained from the graph in b(ii).



Sticky Note

The light sensing circuit gains two marks. Unfortunately the diode is the wrong orientation.The stem of the question refers to a 240V mains lamp so there should not be a resistor (or other components) in this circuit.
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10. A transistor switch is used to operate a relay.


12V


5kQ


V,IN
Vx


ov.


(a) The transistor has a current gain, hFE =(60J
The relay has a resistance of 168 Q
Calculate the value of V]N that will just saturate the transistor. [5]


(b) (i) Draw a graph to show how Vx changes as V,N is increased from 0 to 8V.


pc^c^ c


V X /V


- [2]


Use the graph to determine the value of Vx wheff V[N = 3 V.


<o\J
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Sticky Note

The all-in-one method is risky but OK to use by confident candidates. The final step of adding 0.7V has been missed.



Sticky Note

Incorrectly drawn graph but reading of V(x) gains a mark.
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(c) Calculate the collector current and power dissipated in the transistor when V,N = 3 V. [4]


T.c. : .
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The switching circuit is used to control a 240V mains light. The light is switched on
automatically when it gets dark.


Complete the diagram below by adding:


the light sensing sub-system
a component that protects the transistor against back emf
the secondary circuit of the relay. [4]


2.


©WJECCBACLtd. (B490U10-1) Turn over.



Sticky Note

Once again the minus 0.7V missing for I(B) calculation.The candidate has selected the wrong power equation and mistaken 3V for 3ohm.



Sticky Note

The light sensing circuit shown needs the components interchanged to function as specified so only gets one mark. I think there has been an attempt to show a rectifier in the ac circuit.
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10. A transistor switch is used to operate a relay.
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 (a) The transistor has a current gain, hFE = 60.
  The relay has a resistance of 168 Ω
  Calculate the value of VIN that will just saturate the transistor. [5]


 


 


 


 


 


 


 


 (b) (i) Draw a graph to show how VX changes as VIN is increased from 0 to 8 V. [2]


12 V


Relay


5 kΩ


VIN
Vx


0 V


0
2 4 6 8 100


5


10


15


VX / V


VIN / V


 (ii) Use the graph to determine the value of VX when VIN = 3 V. [1]
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 (c) Calculate the collector current and power dissipated in the transistor when VIN = 3 V. [4]


 


 


 


 


 


 


 


 (d) The switching circuit is used to control a 240 V mains light. The light is switched on 
automatically when it gets dark.


  Complete the diagram below by adding:


 • the light sensing sub-system
 • a component that protects the transistor against back emf
 • the secondary circuit of the relay. [4] 


© WJEC CBAC Ltd.


12 V


0 V


5 kΩ


Relay
240 V
AC












2. A large walk-in refrigerator has an electronic alarm system designed to sound a high-powered
siren if the temperature goes above 4°C.
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24V o-


R


I


5kQ


10kQ


0V o- I


V,N


I


, <
'2


24V


VOUT


The thermistor has a resistance of 3.2kQ at 4°C.


(a) Determine a suitable value for R. [2]


x-- -is.
. .


fibj Explain how to adapt the circuit to allow adjustment of the temperature at which the alarm
is triggered. [1]


iuuitcx IK


©WJECCBACLtd. (B490U10-1)
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I
(c) An engineer tests the system and records the following parameters when the MOSFET


just saturates.


Examiner
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VIN/V


6.5


VOUT / V


1.38


I2 /A


7.94


(i) Estimate the value of 11


(ii) Use the results to calculate:


(I) the value of gM.


.I...'


[1]


[3]


(II) the value of rDSon. [3]


x\
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