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Page 11 of 11

BJT parameters for common emitter configuration (subscript )
other subscripts: Input  Output, Forward, Reverse,

hie | DC gain Ic/ s
hte AC gain ic/ iy heexhie (mostly)
8m Transconductance Ale/ AVige =i/ Ve ~40-lc ~ 40-1¢
hie Small signal input resistance AVge / Alg = vie / iy ~1/(40:1g) Q= hg, / (40-1¢)
hge Output admittance (1/r,) Ale/ AV =i/ Vee
where r, = Slope in the active region
re Emitter resistance AVige [ Ale = Ve / i.=1/8 | ® Ve[ i that is, hie=hgre
he Early effect (V¢ affects bias Vi) AV / AVge
hooole lg = lgs €% where I, is constant
FE / 40,
5 lo =hee Iy =heg - Ips-€77%
IE = IC + IB = (hFE + 1) ' IB AIC dIC 40V,
g, =—C =—0C 40 h, I, eV
but because h.. >>1, AVge dVge
lg = heg -1y =1 Im = =40/, ~ 401,




T TFY4185 2021S AC Fundamentals 1
Which of the following equtions describes the waveform shown here?
F A
8 -

\ Lt
/ 30 707 Hms)

—»1|e— \/

Select one alternative:

v=8sin (79t-1/4)

v =_8sin (90t + 11/ 4)

v=38sin (90t-1/4)

Maximum marks: 4

Clearly a sinusoid with an amplitude of 8. It crosses zero at -10, 30 and 70 ms, making it a period of

T=80 ms. The time factor in the sinusoid is ®-t =27-t/T, or in this case (78.5 radians/s)-t. Now, when t=0,
the sine has already risen from 0 and is positive, indicating that the phase factor must be positive. While

it might be difficult to judge 0.707-8 amplitude units, the only choices are + /4, and at t=0, a -n/4 would

yield a negative number. Thus, the correct anwer is 8 - sin (78.5 -t + %)
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2 TFY4185 2021S AC Power 2

The voltage across a component is measured as 80 V r.m.s. and the current through itis 4 Arm.s. If
the current leads the voltage by 20° what is the apparent power in the component?

Select one alternative:

109 VA The Apparent power is S= VimsIrms VA, and the power factor is the cosine of the phase angle, o,
between voltage and current. The Active power is then the apparent power times the cosine
116 VA factor, or ‘P=S-cos(q)) W. Here the Apparent power is 80-4 = 320 VA, and the power factor is

cos(20°) = 0.94. This gives an Active power of 300.7 W

301 VA

Maximum marks: 4

3 TFY4185 2021S BJT 1

In a bipolar junction transistor the base region is made very thin so that:
Select one alternative:

the base can be easily fabricated

the electric field gradient in base is high

the base can be easily biased

The point of a transistor is to take electrons from the emitter and pass them to the
collector, completing the circuit, but to be able to stop that flow with a low
current/voltage to the base that sets up a potential barrier. When the transistor is “on”
you do want those negative electrons to pass through the base to the collector without
recombining with positive holes in the base. Thus, you make the base thin in order to
allow those electrons to flow without recombining.

" Maximum marks: 4
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4 TFY4185 2021S BJT 5

When bi-polar transistors are used in digital circuits they usually operate in the:
Select one alternative:

Breakdown region
Linear region

Active region

Operating a transistor in a digital device one wants to have the transistor either
fully on or fully off. Thus, we operate a BJT transistor in the saturation or cut-off

region.

Maximum marks: 4

5> TFY4185 2021S Logic Combinational 6

The output of the logic gate in figure is

A
F

Select one alternative:

A

Maximum marks: 4
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6 TFY4185 2021S Op Amp 5

The ideal Op—Amp has the following characteristics:
Select one alternative:

Ri=°°,A=°°, Rozoo
An ideal operational amplifier would have infinite input impedance, Ri,

_ so as not to load the input circutry. It would have an infinite openloop

gain, A, to make it controlable by the external feedback components.
Finally, it would have no output impedance, Ro, so that any voltage
created by the op-amp would be tranferred to the external circuitry
without dividing it.

Ri=O,A=°°,R0=°°

R=0,A=w R,=0

Maximum marks: 4

7 TFY4185 2021S Op amp 2

What does negative feedback derived from the output voltage do to a voltage amplifier?
Select one alternative:

It does not affect impedance or bandwidth.

It increases the input and output impedances.

It decreases the output impedance and bandwidth.

Negative feedback will decrease the gain from the open-loop gain. However

since the gain-bandwidth product is constant, this will increase the bandwidth.

Op-amps using negative feedback derived from the output voltage will tend Maximum marks: 4
toward an ideal op-amp, with input impedances and output impedances tending

toward an ideal amplifier by factors of 1+AB, the product of the open-loop gain,

A, times the closed loop gain, B.
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TFY4185 2021S Resistance 17

What would meter readings of | = 10.0 mA and V=12 V indicate about the circuit in the circuit given
below?

Fuse

12V =

Select one alternative:

Ro is open
Rj is shorted
R, is open

Rj3 is open

The fuse is open

Here we have to remember that the voltage across a set of resistors in

parallel is the same. Thus, the 12 V tells you that none of the resistors Maximum marks: 4
are shorted otherwise it would be 0 V (the voltmeter would be

connected to ground on both sides). However one could still be open.

The equivalent resistance of the parallel network would be the voltage,

12V, divided by the current, 10 mA = 1.2 kQ). When we calculate the

equivalent resistance of the network, we find that it is 1.2 k€2, so there

is nothing wrong with the circuit.
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9 TFY4185 2021S Semiconductors and diodes 4

The diagram below shows a p-n junction that is not connected to an external circuit. Enter the letter
labelling the n-type material.

\ A B

Select one alternative:

Since electrons are the more mobile charge carriers, the potential

energy diagrams are set up with the potential energy of electrons
increasing in the upward direction (in the direction of C). Once the

. ]iunction is formed, the free electrons in the n-type material near the
junction diffuse across the junction and re-combine with the excess

c positive holes in the p-type material. This leaves a net positive charge
b on the n-side of the junction (lower potential energy for electrons) and
a net negative charge on the p-side (higher potential energy for
£ electrons). Thus, electrons are given energy to promote them from the
lower electron energy valence band, F, into the higher electron
F potential energy conduction band A&B. However, the electrons in the

conduction band will drift to a lower electron potential energy across
the junction (towards the positive side of the junction), B. This positive
side of the junction is, as we said above, the n-type material

Maximum marks: 4
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10 TFY4185 2021S Semiconductors and diodes 6

The diffusion potential across an unbiased p-n junction
Select one alternative:

does not depend on doping concentrations
decreases with increasing doping concentration

increases with decreasing band gap

I'I'he diffusion current is the current of the free charges in the doped material
neutralizing each other across the junction to create the depletion region and
set up the electric field. The higher the doping level the more free charges in the
material and the higher the diffusion current.

Maximum marks: 4
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" TFY4185 2021S Solving Circuits 3

Determine the short-circuit current of the following circuit.

£, = 10k0

B e :

Select one alternative:

2 mA
Short out the terminals (conect a wire across them), and the current will avoid R; and flow through the
wire. Thus the current will be 10 V/ 10kQ2 = 5 mA.

3.33 mA

6.67 mA

Maximum marks: 4
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12 TFY4185 2021S AC Power 4

The voltage across a component is measured as 80 V r.m.s. and the current through it is 4 Arm.s.
If the current leads the voltage by 20° what is the active power in the component?
Select one alternative:

116 W
- The Apparent power is 5= Vims*ms VA, and the power factor is the cosine of the phase angle, ¢, between
voltage and current. The Active power is then the apparent power times the cosine factor, or

109 W P=S-cos(g) W. Here the Apparent power is 80-4 = 320 VA, and the power factor is cos(20°) = 0.94. This
gives an Active power of 300.7 W1

320 W

Maximum marks: 4
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13 TFY4185 2021S Solving Circuits 1

Calculate the voltage V, in the following circuit.

.l'] :4'|‘Ir

-

fi

— ]

e —

Vs

— =

Select one alternative:

12

10

10

Vi=6V

By convention, we assign the voltage so that the arrow points to the high potential end and we assign it
a positive value. If we are not sure, one can assign an arbitrary direction, but is the solution comes out
negative, or if it is pointing to the low potential, it will have a negative value. This tells you that the high
potential end is actually at the tail of the arrow as we have drawn it!

So, here we have a voltage source of E= 20 V. That means its potential at point A is 20 V higher than the
potential at point D. Now for convenience we will take point D, which is the reference point for all the
potentials shown, to be at 0 V (remember that potential needs a reference point). Now, potential at
point A is V,=20V above the potential at point D, where Vp=0V, and the arrow E points to the higher
potential and is assigned a postive value.

From point A to B, the potential drops V1=4 volts across the resistor. Thus, the point B is at a lower
potential Ve= 20-6= 16 V. Note that the voltage arrow V; is pointing to the higher potenial end and V; is
assigned a positive value. From point D to C, we see that the potential difference across the resistor is
V3=6V. Now point D is at OV, and we know that point B is at 16V, so point C must be at higher potential
than point D by 6V. Thus, point Cis at V=6V, and again Vs is pointing to the high potential end and is
given a positive sign.

That means that there is a potential difference from Vs=16V to V=6V, or a 10V potential drop with
Vg>Vc. Unfortunately, our choice of direction for V: is pointing toward the low potential end. Thus, we
have that V,=-10V, to warn it is pointing to the low potential end.

Maximum marks: 4
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TFY4185 2021S Thevenin Norton 1

In the circuit below, what is the Thevenin voltage and resistance?
Rl R2
2 kQ 4 kQ
s R, R,
10V T 1 kQ 5 k€2

I;;

. B

If we short out the power supply, we can look at the equivalent resistance from A to B. This will be the
Thevenin resistance. If we start at B, we find that R1, R3 and R4 are all connected together at B. The
upper end of R1 and R3 are connected together, putting them in parallel. This parallel junciton is
connected to R2, and thus the parallel pair R1//R3 is in series with R2. The upper end of R2 is connected
to the upper end of R4 at terminal A, and so R4 is in parallel with R1//R3+R2.

Select one alternative:

1 72 V and 666 Q We can break it down and calculate the parallel pair R1 and R3 as
Req1=R1*R3/(R1+R3), or substituting in values, we get Req1=666.7Q

3 1 0 V d 2 41 kQ This is in series with R2, giving a Req2=Req14+R2 = 4.66 kQ. Finally, this Req2 is in parallel with R4, giving
. an . the total, Thevenin resistance Rth = Req2*R4/(Req2+R4). Again substituting in values gives Rth = 2.41 kQ)

To get the voltage across A and B, the Thevenin voltage, we have to put the power supply back in the
3_ 1 0 V and 990 kQ circuit. Now we need to calculate the total current, which means we need to look at the equivalent
resistance seen by the power supply. From the figure, we can see that this is R2 and R4 in series, and
this series resistance in parallel with R3. Lastly, R1 is in series with the parallel pair. So we have
_ R1+R3//(R2+R4). The series of R2 and R4 is 9 k(), and this is in parallel with R3=1 k(. So this would be
9*%1/(9 + 1) k2, or 0.9 k€. Finally we add the series resistance of R1 = 2 k{2, and we get bn equivalent
resistance as seen by the power supply of Rtot=2.9 Q.

Finally, the current is | = V/Rtot = 10V/2.9 kQ) = 3.45 mA. The voltage after R1 is just 10 V—1*R1, or 10V-
6.89V = 3.1V. Now, this voltage, Vp, is divided across the two resistors R2 and R4, and the voltage across
R4 is Vp*R4/(R4+R2). This is just the voltage divider equation. So V4 = Vth = 3.1*5/(5+4), or Vth = 1.72 V

Maximum marks: 4
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15 TFY4185 2021S Semiconductors and diodes 2

The diagram below shows a p-n junction that is not connected to an external circuit. Enter the letter
labelling the Valence band.

L A B

Select one alternative:
Since electrons are the more mobile charge carriers, the potential

A energy diagrams are set up with the potential energy of electrons
increasing in the upward direction (in the direction of C). Once the

B junction js formed, the free electrons in the n-type material near the
junction diffuse across the junction and re-combine with the excess

C positive holes in the p-type material. This leaves a net positive charge
on the n-side of the junction (lower potential energy for electrons) and

D a net negative charge on the p-side (higher potential energy for

. electrons). Thus, electrons are given energy to promote them from the

lower electron energy valence band, F, into the higher electron
potential energy conduction band A&B. However, the electrons in the
. conduction band will drift to a lower electron potential energy across
the junction (towards the positive side of the junction), B. This positive
side of the junction is, as we said above, the n-type material

Maximum marks: 4
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1 TFY4185 2021S Reactance 3

What is the capacitive reactance if / = 1 amp, V = 2 volts, C = 5 F, and frequency = 10 Hz?
Select one alternative:

0.02 Q

050

0.20Q

Capactive reactance is defined as X, = ﬁ , where o (rad/s) = 27-f (Hz). Here we have f=10 Hz, giving
®=62.8 rad/s, and with a capacitance of C=5F, X. = 1/(62.8:5) = 0.003 Q)

Maximum marks: 4
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17 TFY4185 2021S RLC and Transients 6

What is the resonant frequency of the circuit below?

+ Ris1kn
)
LLESH
C; 1 uF

Select one alternative:

32 Hz

200 Hz

447 Hz

The resonant frequency of an R-L-C series circuit is w = VL%C . So, for L=5 H, and C=1x10° F, we have that

®=447 radians/s. Unfortunately the units of the answer are in Hz. Thus, since f (Hz) = o/(2n), the
frequncy f=71.2 Hz

Maximum marks: 4
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8 TFY4185 2021S Resistance 12

What is the total resistance of the circuit below?

R Rs Ris

4 kOhm 4 kohm 5 kOhm

R:< 8 kohm Pz <10 kOhmPs {2 kohm Re ¢ 2kOhmR,; 712
kChm

Select one alternative:

5.2 kQ
2.2 kQ

4.2 kQ

Tracing through the top terminal through the chain, we see can draw the circuit like this:

l 192 Maximum marks: 4

Now, R11 and R12 ae in series with each other, and the series pair is in parallel with R6:
Reql=(R11+R12)//R6.

This Reql is in series with R5, and this series pair is in parallel with R4:
Req2=(Req1+R5)//R4

This Reqg2 is in parallel with R3:

Req3=Req2//R3

This is in series with R2, and the series pair of Req3 and R2 are in parallel with R1:

Req = (R2+Req3)//R1

Then you just need to remember that series of a and b is a+b, and parallel of a and b is a*b/(a+h).
Reql = (5+12)*2/((5+12+2) = 1.79 kQ

Req2 = (1.79+4)*2/((1.79+4)+2) = 1.49 kQ

Req3 = 1.49*10/(1.49+10) = 1.29 kQ

And|

Req = (1.29+4)*1/((1.29+4)+1) = 3.19 kQ
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19 TFY4185 2021S Resistance 10

Which component is open in the circuit below?

+ - + -
— | 0.021 * * 3.000m +
A A
Ly R2%2 koh R, < 4 koh
— M 2.2 KOhm 4 m
12V R1<1 kohm Rs <3 kohm
Select one alternative:
R1
R2
R This one is decepticely easy. Here we have a situation where the voltage across all the resistors is the
4

same, 12V. The total current is given as =21 mA, and the current flowing through the parallel pair 3//4
is lz2 = 3 mA. That means the current flowing through the parallel pair 1//2, 11;=li-134=18 mA.

. Now, the resistance 1//2 should be (1*2)/(1+2) kQ = 666.7 Q. That should be the same as
V/li2 = 12V/18mA=666.7 Q). Since it is, that leg is OK and the problem is in the 3//4 leg.

The parallel resistance 3//4 should be 3*4/(3+4) k2 = 1714.3 kQ2. But the current measured flowing

though this pair would indicate that the resistance is Ra; = 12 V/3 mA = 4 kQ), the value of Rs. That means
that Rs is no longer in the circuit and is open.|

Maximum marks: 4
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20 TFY4185 2021S Zener Diodes

In the voltage regulator circuit in the figure below, what is the maximum load current, i, that can be
drawn?

30V

V.=9V d
-0 N R,

Select one alternative:

- Well, the voltage across the diode is Vg4, but to get maximum current across the
load, the voltage across the diode, Vg, should be just at the the Zener voltage,
23 mA V., and the diode would be just be at the point of passing current. All the

current would go into the load, and increasing the voltage any further would
just pass the extra current through the Zener. The voltage across the diode just
as it turns on, Vg, is the supply voltage, V,, divided across the R;=15 k(2 and R,
resistors, or V4=V, *R/(R1+R\). Solving for R gives us Ri=V4*R1/(V-Vy). The
current across the load resistor is just the voltage across the load, Vg, divided by
Ri. Or, Imax=Va/RL. Subtituting in for R, and using the fact that V4=V,, we get

2.5 mA

1.8 mA

lmax=(Vs-Vg)/R1 = (V-V;)/R1=(30V-9V)/15000 Q = 1.4 mA

Maximum marks: 4
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21 TFY4185 2021S Semiconductors and diodes

An ideal pn junction diode is operating in the forward bias region (V4>0.1Volt). The change in diode
voltage, that will cause a factor of 9 increase in current, is

Select one alternative:

lg=I:*(exp(40*Vy)-1)

45 mV

With V4=0.1, exp(40*0.1)>>1 so ls~Is-exp(40*Vy)

35 mV

lax/ls2 = 9~exp(40(Var-Va2))

85 mV

Ln(ls2/142) = In(9) = 40(Va1-Va2)

2.19/40V = V41-Vaz

55 mV= le-vdz

22 TFY4185 2021S FET 2

Maximum marks: 4

What are the three terminals of an FET transistor called:

Select one alternative:

emitter, base, collector

none of the answers are correct

cathode, anode, grid

On an FET, we have a gate that controls the flow of electrons, a source
of electrons, and a drain of electrons. However, in an FET the direction
of flow can be source to drain or drain to source depending upon the
bias. Fulfilling a similar function on a BJT transistor, we have a base,
emitter and collector, where the electrons do flow from the emitter to
collector. That terminology, in turn, developed from vacuum tubes
(valves) that had a grid, cathode and an ancde, where electrons left the
cathode toward the anode, but the control of the flow was done with
the bias in the grid. Remember, the current flow is in the opposite
direction of the electron flow!

Maximum marks: 4
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23 TFY4185 2021S Digital Devices 3

As compared to TTL, CMOS logic has
Select one alternative:

All answers are correct
Higher speed of operation

Higher power dissipation

24 TFY4185 2021S Logic Combinational 7

Decimal number 9 in Gray code is:

Select one alternative: The point of Gray code is that only one bit changes as the number is increased. It is
formed by first counting to 1 in binary

0

1001 1
Then mirroring these numbers
]

o1 1

1
0
Then add a 0 to the initial numbers (0 and 1) and a 1 to the mirrored numbers (1 and 0:

111 00
01
11

1100 10
Then repeat
00 000 0
01 001 1
11 011 2
10 = 010 3
10 110 4
11 111 5
01 101 6
00 100 7
and again
000 0000 0
001 0001 1
011 0011 2
010 0010 3
110 0110 4
111 0111 E]
101 0101 6
100 = 0100 7
100 1100 3
101 1101 9
111 1111 10
110 1110 11
101 1101 12
011 1011 13
001 1001

2
(=]
g
=
L Y

Maximum marks: 4

Maximum marks: 4
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25 TFY4185 2021S Logic Combinational 4

The output of a logic gate is ‘1’ when all its input are at logic 0. The gate is either
Select one alternative:

an AND or an EX-OR gate
a NAND or an EX-OR gate

an OR or an EX-NOR gate

Maximum marks: 4


espy
Highlight




