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Ohm’s L
m’s Law V=IxR

Voltage (V) is measured in Volts (V).
Current (1) is measured in Amps (A).

Resistance (R) is measured in Ohms (Q).

Resistors in Series

V=V +V, +V,
I=1,=1,=1,
R, =R +R,+R,

(Voltage splits)

(Current stays the same)

In a series circuit, if one component fails the
circuit will be broken and current will not be
able to flow.

The current is the same at any point in a series
circuit.

The voltage across each component adds up to
the supply voltage.

The total resistance in a series circuit is all of
the resistances added together.

. 5.60 R
Ohm’s law calculations L

(a) Calculate the value to R
to ensure that the circuit

current is 2A. L~ 38V o0—

Step 1 - We know the total cur- Ve =1Ir XRr
rent and the total voltage so we 36 =2 X Ry
can use Ohm’s law to  calcu- 36
late the total resistance. ? =Rt

R; = 180Q
Step 2 - We can now work out
what the resistance of R is as we Rr=R, +R
know that the total 18=56+R
resistance in a series circuit is 18 —5.6 = R
just the resistances added R — 1240

together.

Combined resistance calculations (a)

Start these questions by solving the total
resistance of the parallel branch. We then
treat the parallel branch as a single re-
sistance to calculate the total circuit re-
sistance in series.
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(b)

Calculate the resistance of the
3 LEDs in parallel.

1 1 1 1

= — 3+ —
Re Ry Ry Rs
1 1 1 1

— = — 4 — + —
R, 82 78 86
1

— = 0.03664
Rp

R, 1

1 0.03664

Rp =270

Calculate the total resistance
of the circuit.

RT:R1+RP
Rp =390 + 27
Ry = 417Q

()

Resistors in Parallel

v

V=V =V,=V,

I=1+1,+1

(Voltage stays the same)

(Current splits)

Ry XR,
T R +R,

In a parallel circuit, if one component fails the current
is still able to flow round the other branches which
allows the other components to still function.

The current splits in a parallel circuit. I; (total circuit
current) is calculated using Ry (resistance total) and V¢
(voltage total).

The voltage across each component stays the same in
any part of the circuit. It is always equal to the supply
voltage.

The total resistance in a series circuit can be calculated
using either of two equations. The bottom one is easier
for 2 resistances in parallel.

Combined resistance calculations
3900
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(a) Calculate the total resistance of this circuit.
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Ry X Ry
First work out the total Rr=Ri+ Ry Re = Ri+Rr
series resistance, then work gT = 13}235 270 R 390 x 1470
out the parallel resistance =~ =f————= P 7390 + 1470
ing the total series value Ry, = 573300
wemng ' "7 1860
R, = 3080

(b) (i) The reading on ammeter A; is 0.031A. Calculate the voltage
across the 390Q resistor.

Using Ohm’s law to V=IxXR
calculate the voltage. V' =10.031x390

V=12V

(b) (ii) Calculate the current A,.

We know that voltage is the same in V=IxR

each branch of a parallel circuit, so 1;2 =1x1470

Ohm’s law again using 12V. 1270

Remember to add the resistances. I =8.2mA

(b) (iii) Calculate the current As.

We know that the current splits in a A = A + A4,

parallel circuit so we need to add the Az = 0.031 + (8.2 x 107%)
A = 00394

current at A; and A, together to get
the total current at As.




Voltage Dividers - Input sub-system Describing Circuits . A {*"
Thermistor at top = Heat sensor (TURD) LDR at top = Light sensor (LURD) (@)  Describe the operation of the circuit. Make reference to the - i"ﬁj';ﬂ"; q
6.0V ' ) ' resistance of the thermistor and the voltage V. R H S [ F‘:
As the temperature increases, the resistance of N As the light level incr eases, the resistance of
the thermistor decreases, causing the voltage N the LDR decreases, causing the voltage across When the temperature decreases to a low temperature, the resistance of the N AN
across it to also decrease. This causes the share || Component X it to also decrease. ThIS caa{ses the share of the thermistor will increase, causing V1 to increase. Once it increases above the - I li | |
of the voltage across the variable resistor (V) N ‘_’OI tage across the fixed resistor (V,u) to threshold voltage, the transistor will saturate causing the relay to close the Wv.
v to increase. The variable resistor acts as a increase. switch which will light the LEDs and sound the buzzer. ov.
°ut sensitivity control. Vout
ov (b)  The fixed resistor R is replaced with a variable resistor. Explain
] the effect on the operation of the circuit by replacing the fixed
Thermistor at bottom = Cold sensor (TDRU) LDR at bottom = Dark sensor (LDRU) . . . .
resistor (R) with the variable resistor.
Vs As the temperature decreases, the resistance : :
of the therrﬁ:qis tor increases, causing the As the light level decreases, the resistance of The resistance of the variable resister can be altered which will
150ka voltage across it (V) to allso increase. This the LDR increases, causing the voltage across it change the temperature that the circuit will switch on at.
g out, : (Vou:) to also increase. This causes the share of
causes the share of the voltage across the the voltage across the variable resistor to Transistor notation l. - Collector current
e Vo variable resistor to decrease. The \;arlable Voo decrease. The variable resistor acts as a Ve :., - Eas'it current .
°Ut resistor acts as a sensitivity control. ou e " . - Emitter curren
ov sensitivity control. Veo - Voltage of supply (relative to ground line)
EL VL Vh - Voltage at the base junction {relative to ground line)
Ve - Voltage at the emitter junction (relative to ground line)
. I Vee - Voltage between the collector and emitter junction
Transistors - Process sub-system The function of a transistor Relays & other components - Output sub-system ‘ Vee - Voltage between the base and emitter junction
is to act as an electronic Y 4 WL - Voltage over the load resistor
. . En I
switch. The transistor 1 o r/ V=V le=lp+1
— — ) > = +V e~ lbTlc
The diode protects the P EE—— switches on when the _O‘Z‘O_l x T . '“H‘ Ve b be e
transistor from back 7N ! __'i‘ voltage between the base 7N 3 ) . Vee= VL + Ve + Ve L
EMF (Electro-magnetic s el F and the emitter (Vye) o \]) Ve Ie Ve *
Flux). It is a polarity reaches 0.7V. This then v TTrTTTTTTTTE T o
conscious device and Rp b ¢ allows a current to flow m Vil R current gain = Collector  current | T
can only allow current between the collector and The relay allows a low When the relay closes Ve g Ve Base current
to flow the way that v N the emitter which causes voltage circuit to control the switch in this circuit, s L+
the arrow points. out the relay to close the a high voltage circuit. the LEDs light and the oV B = 5
Connected as shown it switch. When the relay closes buzzer sounds. Various L, I
will not allow current the switch, it completes output components can
to flow from the top to | f The base resistor is there to protect the transistor. the circuit causing the be connected to a relay Darlington Pair
the transistor. The voltage across the base resistor will be Vo - 0.7V. motor to spin. circuit.
In order to obtain higher gains, more RL
. .. . than one transistor can be used, the
LDR Graph Thermistor Graph Voltage Divider Calculations

The LDR graph can be tricky to read. Pay close attention
to the values at 1 or 10 to make sure you know whether
it’s 1s, 10s, 100s or 1000s that you are working with.

Remember that the resistance is measured in kQ.
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The Thermistor graph also jumps up in large increments
on the resistance scale. Be careful to follow the correct
thermistor type line to work out your value.

temperature {°C)

A voltage divider is a series circuit.

Voltages across the two components added together equal the supply voltage.
The current is the same through both components.
To find the total resistance, add the resistances of both components together.

(a)
Step 1 - we know a voltage and a
resistance from the bottom part of
the circuit so we can calculate
current.

Step 2 - We can now work out the
voltage across the thermistor by
knowing that the total voltage is
the voltage across both
components added together.

Step 3 - now we can use Ohm’s law
again to calculate the resistance of
the thermistor using the voltage
across the thermistor and the
current that stays the same.

Calculate the resistance of the thermistor.

5.0V0—
V=IxR
1.9 =1 x 1700 -
L
1700
I =1.1mA
Vi=W"+1;
5=V, +19 1.7k
5—19=1V,
GV'\
v, = 3.1V
V=IxR
3.1=(11x10%) xR
31 g
(1.1x10%)

R = 128180

1.9V

output from each transistor being
amplified by the next (known as
cascading).

Increasing the gain of the circuit
means:

Trz

1. the switching action of the circuit
is more immediate;

2. a very small base current is
required in switching;

3. the input resistance is very high. A
A popular way of cascading two

transistors is to use a Darlington pair

I
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Inverting Op Amp Non-inverting Op Amp Summing amplifier Negative Feedback Positive Feedback
Ry
; o Re— SOUND G- =i
R, WV, g ! e SIGNAL
—:l_‘ : REQUIRED SOUND
I:] . SN
V1 Rl 'Vcc
A Vo
0 V TIME
TIME
V, R¢ R¢ A R; R
Ay Aver o Voo V[ Ay Av=t+ o~ Vou |1+ 25|V, R R R P—— P
i i i i i i ve T oo = - .
' R 1 Rz Rn :\r"a :xtmr 5 f::::hd ;:lgzossg ;5: :th::::f:j L’ﬁ;&fﬂ;ﬁ;l&ﬂ: Q::';"v :: o, When testing the circuit, the output produced the following trace.
Inverting op amp is used to change a positive input to a Non-inverting op amp is used to amplify the voltage into the S(ALV.) + (ALV) + -
. . . I . vl 1 vz 2 e
negative output or a negative input to a positive output. | Jop amp. It does not invert the voltage. 0
P L7 A g;
" R R, 55
Comparator Difference R, , o _ o 7
The summing amplifier is used to combine the 0z AT = Ve .Y
W voltages of two or more inputs into one single i T ] (NEEP
= output. ol ] W
-0sH [
- 14 Y8 A A 1
Y i
v, « Voltage Follower 35
Vref A\ ’_1[" expected output
v (g) State an op-amp configuration that will produce the desired output. (g) State why the op-amp circuit produces the output shown. 1
+
ov cc
. (f) Calculate the required gain of the op-amp.
< it [e | Inverting
If V, <V, then V, saturates positively _ V, A - R¢ - R*'Wz V) v Vg - =
. v v i 5] Gain = -0.8/0.2 = -4 (1 sf) Any suitable point on the t-axis can
If V, > V.., then V, saturates negatively (V2-Vy) R; R; be used to calcalate the answer-
ov LT v
. . e . vV =V (@) The op-amp is saturating/clipping. 1 mark for suitable reason.
Any system using an Op Amp as a A difference amplifier amplifies the difference o
i - between the reference level and feedback signal. .
comparator is known as two-state This helos £ the Hoot” g ”ﬁg | ; The Voltage Follower is an op amp
- i IS helps to preven e “overshoot” an me lags X . . .
closed-loop control. The desired output p p / g configuration which always has a voltage gain
it rarely met because the system is that can be seen in a comparator-based system. of 1
.. . . (continued)
either on or off. Because of this it allows for the desired output to be 12. (continued)
. . () Describe, with reference to the comparators, logic gates, and LEDs, what
reached, as the difference between the two Slgnals The output voltage is fed into a logic circuit to indicate whether an appropriate happens as the input signal rises from 0 V to 5.0 V. 3
. ight of materials is in th tainer.
. J— will eventually be 0. weignt ot matenak s n e container
E 50V
g \* SET TEMPERATURE
= 5 k0 op-amp A
e 5. Awariable temperature soldering iron is shown.
£ Set Point NOT gate A
E voltage ) ™,
g from /]—
£ op-amp | I
TIME ﬁ 1.0 kﬂ|:
MOT gate B
Time
22000 | 22002 |:| 220 .Q|:|
15 k) |:
C I amber| green red
7
ontro ErrOI' detector The soldering iron uses a two-state control system to turn the heating element on N \_L N S_ N
and off, and to monitor its output to maintain the desired temperature. oy N ~ N
Complete the control diagram for the soldering iron below. ©
:r“- ---------- - i An amber LED kights if there is not enough material. A green LED lights if there is
FEEDBACK temperature the correct amount of material. A red LED lights if there is too much material.
SENSOR sensor ‘When the op-amps saturate negatively they will output 0 V.
| |
i desired _L_ . control e _-sol.derlng — - -
REMOTE__| OPERATIONAL | | OUTPUT WING MIRROR . remperstire | it temperature saturated lon. The 41D gate wil be Tokage il e the amber LED to
DIAL AMPLIFIER DRIVER POSITION When drawing an ! off and HOT gate B will be on. This light.
error deteCtOr in a e will make the amber LED light only.

In closed loop control, the output value is constantly monitored and
compared to the desired (or reference) value. If a difference exists
between the “actual value” and the “reference value”, it realises that
an error has occurred and will change the input into the system to

reduce the output error to zero.

system diagram, you
must always make
sure the +is
connected to the
desired input and the
- is connected to the
feedback loop.

Driver/TD).

element).

1 mark for error detector, negative
feedback configuration.

1 mark for output driver (or driver/
transistor/MOSFET /Transducer

1 mark for heating element (or

temperature
sensor
control
unit

desired
temperature

output heating
driver element

soldering
ron
temperature

As the voltage rises, op-amp B will
saturate high causing HOT gate B,
and the amber LED, to switch off
and this will cause the AND gate to
switch on (causing the green LED to
light).

As the voltage rises further, op-amp
A will saturate high causing the AND
gate to switch off. This will cause
the green LED to switch off and the
red LED to light.

1 mark for identifying that when the
voltage rises op-amp B goes on and
op-amp A remains off it will cause
the green LED to light and the amber
light to switch off.,

1 mark for identifying that a high
voltage will cause both op-amps to
ke on and will cause only the red
LED to light.




A light sensor is used to identify when the plastic is dirty. When it senses a value of . . . . MOSFETS I .ﬂID MOSFETs can be designed to handle very high
less than 210 lux a motor spins to move clean plastic in front of the camera. 2. Adesien for an operational amplifier (op-amp) circuit is shown below. = @ A= Vo i Ve 1 |1 mark for final answer with correct 9m = —— i i
N A= 7.59 1 0.11 unt. — m AV~ drain currents, this means that they can be
The control circuit is shown below. A= 69 (2 5F) GS
DRAIN . . .
© o1 ®IR) | 2 — is measured in used to drive high current output transducer
6.0V © _ o Em . ) L
69=1+ (ResR) 1 mark substitution. GATE Vos | 1 drivers without the need for relay switching
. wimos ™ source Amps per Volt (AV7) I . . .
5 0k0 . ) 1 circuits (unlike the bipolar transistor). As
- ! R = 68 KQ (2 sf) Vs
V=011V 1 mark for proportionally correct e :
Ry = 1.0 kQ (2 sf) values for Rt and R, with correct \ - MOSFETS are SenSlt'lVe to hlgh Voltages, a
: units. (Any two values with correct > . .
R ratio). ov reverse biased diode should be used to protect
P 0V it from back EMF.
- Saturation occurs when Vps = Vgs - Vr.
’g 1.0KD DS GS T
(a) Calculate the gain for this circuit when the If Vos is > Vossaturation » Ip is constant (for a given value of Ves ) |l workeo exameee
ov o in put Voltage is0.11V. (lois then known as |D(on])- The threshold gate voltage for the MOSFET shown below is 2 V. Calculate the gate
voltage required to ensure that a saturation current of 10 mA flows through the
9. (continued i i i . load resistor.
( ) (b) Determine appropriate resistor values for When saturation occurs Ip = loen) v ivn
(a) Calculate the value of R, required to saturate the op-amp positive at 210 lux. 3 Ri and Rf- p SV V= (10x 10—3) x 100
100R =
The motor requires 55 mA of current to operate. Io Vi V=1
The op-amp saturates to 78% of the supply voltage. V,, is 0.70 V when Ve=V, 4+ Ve
- . s = VL +Vps
saturated. The transistor hy_ is 220. _
Inion) : 5=1+1Vps
H Vas>Vr Voe=5—1
(b) Calculate the required value of R, 4 H Ds —
: Vos  Vps =4V
9. |(a) Rigr = 600 0 3 1 mark for correct resistance of LDR. Vs e
Riar values between 600 2 and 630 Q ; v
acceptable. Vs o Vbs =Vos = Vr
4=Vs—2
Ru/Risr = Ra/Re . =
5000/600 = R1/1000 1 mark for substitution. Vos =4+2
Vgs = 6V
R1 = 8.3 ki) (2 s7)
1 mark for final answer with units.
Alternative solution
Vew = (600/5600) = & 6. An engineer designs a control system for hair straighteners to maintain a steady 9. (continued)
= 0.64285714 V temperature. & comparator or a difference amplifier could be used in this
application. An alternative motor with a MOSFET driver is also considered. The MOSFET has a
0.64285714 = 6 = (1000/(R.+1000) resistance of 2.3 (1 when fully saturated and the motor is rated as 0.40 W at 6.0 V.
0.64285714 = (Ry + 1000) = 6000 6.0V ¢
Rq = 0.64285714= 6000 - 642.85714
{ M)
Ry = 8.3 ki) (2 sf)
(b) Max output from op-amp 4 1 mark for op-amp output (no unit
=9x0.78 required).
=7.02V
'y
Is = 55/220 o
=0.25 mA 1 mark for base current (no unit
required). Describe th ion of th lifiers i i C
Ry = (7.02 - 0.70)/ 0.00025 1 mark for voltage aver the base escribe the operation of these amplifiers in controlling temperature. ov
resistor (no unit required). You must refer to both amplifiers in your answer. 3
Ry = 25280 {c) Calculate the drain-source current when the MOSFET is fully saturated.
Ry = 25 ki) (2 sf) 1 mark for final answer with correct Dif lifi
unit. erence amplifier
9. (continued)
As part of the car's control system, the windows are to be opened and closed
12. Ascdence laboratory is investigating the use of an electronic control system to 12.  (continued) automatically. The following control circuit is produced by an electronic engineer.
weigh chemical materials. The materials are released into a container from a
hopper and are weighed using a scale comprised of three strain gauges. A difference amplifier circuit like the one shown in part (a) on page 40 is used for —T—b 6.0V
each of the three strain gauges. microcontroller A ||
|-
A further circuit is designed to combine their outputs. It must produce an output of Comparator output 7
hopper 2.3V when the correct amount of materials are added to the container. output 6
>0V
open ‘When the materials are added, the input and output voltages produced are shown
- below. s - .
container
close 33 k0D
0.32Vvo—_ 1 . ~
[ ; M
scales 33k0 " i R
053Vo—[ Difference amplifier or comparator l:
33k
. 047vVo—"""1—4 ovo———
- strain gauges
{d) Explain, with reference to the circuit above, the impact that switching output 7
scales high then output & high has on the motor.
merer = VI 3 |1 mark for resist f mot
o0vVo 6. Difference amplifier: 3 Up to two correct descriptive @ - 36/0.4-900Q unﬂaﬁeqjgﬁi‘, ance of motor (no
» provides proportional control comments for each.
vari ; ; I'=6/(30 = 2.3) 1 mark for total resist it
A prototype dircuit using a difference amplifier is produced to test one of the strain (b) Calculate a suitable value for R,. 7 * ouput varies propartionally with ! 0.0(}500542 re"']‘;i’red‘;’ otal resistance (no uni
gauges as it weighs the materials. error in inputs . =65 mA (25f) 1 mark for final answer with correct
= oputput signal reduces as desired unit.
50V 6 12. | (a) V @ inverting input 3 ;’:tr';l;:a‘:naf‘fnr;ff::f’af:hdf able @ Switching on output 7 activates the | 2 | 1 mark for indicating the effect of
- . . g top MOSFET and allow: t t: h output pin.
=5x (120/241.5) 1 mark Vinerting (N0 UNit required). desired output. r%pw to the r:Qtn?:‘:l’J;r?::;etnn :pom. Foch outpat
R = 2 48447205 V’ Cause and effect required for each
= : . . Output 6 will control the relay which statement.
1 mark Vion-invertine (N0 unit required). Comparator: will change the direction of rotation
: PR ; f the motor.
V @ non-inverting input = provides two-state control o the metor
=5x(1/2)=2.5V * output is either fully on or fully
off depending on the feedback
signal
Vout = (2'5' 2'48447205) x (330/12) = putput will continually overshoot
=0.42701863 V 1 mark for V,, with correct unit. and undershoot (hunting), and the
1200 1.0k 330 kD =0.43V (2 sf) output never remains consistent
) at desired level.
v o (b) Summing amp output = -2.3 V 2 1 mark for output of summing amp
(no unit required).
12. Duri initial test R found 1 be 1215 0 -2.3 = -(R¢/33) % (0.32+0.53+0.47)
. During an initial test R, was found to be 121.5 (0. R = 57.5 kQ
(a) Calculate V. 3 Ri = 58 kQ (2 sf) 1 mark for Rrwith correct unit




