
~ Basic Electronics (EC211 0 1) r Autumn Semester Examination 2012-13. 

Department of E & ECE, Indian Institute of Technology, Kharagpur. 

Answer all the questions. All symbols have their usual meaning. 

Time- 3 hours. Total marks= 100. 

Marks distribution- (O.Sx20) + (IxiO) + (4x20). 

1(a) Space charge region around a p-n junction 
(l) does not contain mobile carriers, (ii) contains both free electrons and holes, 
(iii) contains one type of mobile carriers depending on the level of doping of the p or n regions, 
(iv) contains electrons only as free carriers. 

(b) An ideal capacitor is used as a filter in a half-wave rectifier made of ideal diode (reverse bias resistance 
is infmite ). Then, the output ripple voltage depends on the 
(l) capacitance only. (ii) load resistance only. 
(iit) both on the capacitance and load resistance. (iv) none of the above. 

(c) For aCE- connected transistor amplifier, which of the following biasing scheme is most stable? 
(l) Base bias. (it) Collector-to-base bias. 
(iit) Voltage divider bias. (iv) Direct connection of de voltage sources to the transistor. 

(d) ACE- connected transistor amplifier has voltage gain Av = -140 and output impedance Zo = 3.8 kO. It is 
directly connected to drive a speaker with resistance 8 n. The overall voltage gain of the circuit 
(t) remains the same. (il) decreases. 
(iil) increases. (iv) does not depend on speaker resistance. 

(e) Which ofthe following statements is wrong? 
(l) The main source of thermal noise in aCE amplifier is resistors. 
(ii) Because of Miller effects, the voltage gain of aCE amplifier decreases with increasing frequency. 
(iii) The Z;n of a CE amplifier using voltage divider bias also depends on the biasing resistors. 
(iv) Among CE, CB, and CC BJT amplifiers, ~sually, CE amplifier has the lowest output impedance. 

(f) The inputs to a NAND gate are A and B, then the output is given by 
(l) A '+B' (it) A '.B' 
(ii1) (A+B)' (iv)(A'+B) '. 

(g)The decimal equivalent of the bianary number 01010101 is, 
(i) 86, (il) 85. 
(iii) 54. (iv) 53. 

(h) The following gate is known as the universal gate 
(l) NOR (il) NOT 
(iil) X-OR (iv) X-NOR. 

(i)x+ xy = 
(l)x'.y 
(iii) X 

(ii) x'+y 
(iv)x+y. 

G) The number of input lines to a 1 024x 16 ROM is 
(i) 8 (ii) 10 
(iii) 11 (iv) 16. 

(k) The following logic circuit is an example of a sequential circuit. 
(i) Full-adder (ii) ROM 
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(iii) Multiplexer (iv) RAM. 

(I) The IC7404 is used to implement the following Boolean operation. 
(i) NOT (ii) NOR 
(iii) AND (iv) NAND. 

(m) In a class-C amplifier, the output current flows for 
(1) the full cycle of the input signal. (ii) 3/4th of the cycle of the input signal. 
(iii) half the cycle of the input signal. (iv) less than a half of the cycle ofihe input signal. 

(n) The maximum achievable efficiency of a class-A power amplifier is 
(i) 20% (ii) 50% 
(iii) 78.5% (iv) 90%. 

(o) When an amplifier is provided with current-current feedback, its 
(1) input impedance increases and output impedance decreases. 
(ii) input and output impedances both decrease. 
(iit) input impedance decreases and output impedance increases. 
(iv) input and output impedances both increase. 

(p) A highly stable resonance characteristic is the property of a_ oscillator. 
(1) Hartley, (it) Colpitts, 
(iil) Crystal, (iv) Wein bridge. 

(q) JFET is a 
(1) voltage controlled device with high input impedance. 
(ii) current controlled device with high input impedance. 
(iit) Current Controlled Current Source (CCCS). (iv) Voltage Controlled Voltage Source (VCVS). 

(r) In a JFET, when pinch-off voltage is applied between gate and source, 
(i) the drain current is almost at saturation value. (it) the drain current becomes almost zero. 
(iit) the drain current begins to decrease with V0 s. (iv) the drain current begins to increase with V0 s. 

(s) The maximum voltage specifications of a 2N5457 FET are (Vos)max = 25 V and (Voo)max = 25 V. Then, 
for a -4 V gate-source bias, the drain-source voltage should not exceed 
(1) 29 v, (ii) 25 v, 
(iil) 21 v, (iv) 4 v. 

(t) In an n-channel enhancement-mode MOSFET, current can flow between the drain and source only when 
the gate voltage is 
(1) none of the following. 
(iit) positive and more than the threshold voltage. 

(it) zero volt. 
(iv) negative and less than the threshold voltage. 

2.(a) Calculate the rise time-r of an R-C circuit with R = I kn and C = 1500 pF. 

1n o.sn 

1v~v. 
f 10

?1v 
(b) -:A::- ..J,. Calculate the equivalent Thevenin's voltage VTH. 

(c) The common-emitter current gain of a transistor is 149. Calculate the common-base current gain a. 
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_ __,....,..------

(d) In the following circuit, calculate the maximum allowed value of Rc to keep the transistor in saturation 

mode. Consider p = 149, IVBEiactive = 0.7 v and IVCEisaturation = 0.2 v. 
,..-----,--<> 12 v 

100kO 

(e) The base-emitter and base-collector capacitances of aCE-connected BJT are, respectively, Cbe = 16 pF 
and Cbc = 5 pF. If the voltage gain IA.I = 149, calculate the total input capacitance C;n· 

(f) Find out the 2's complement ofthe binary number 10101010. 

(g) Simplify the following Boolean function xyz+xyz+xyz'+xyz. 

(h) Calculate the minimum number of NAND gates required to implement the function F shown in the truth 

table below 
xy F 
0 0 1 
0 1 0 
1 0 1 
1 I 0 

(i) A current-voltage negative feedback amplifier uses a feedback network with p = 0.1. If the open-loop gain 
is 10,000, calculate the closed-loop gain ACL. 

G) From the drain characteristics of a p-channel JFET, some data are given as, 10 = 6.2 rnA for V os = -6 V 
and VGs = 2 V; Io = 9.7 rnA for Vos = -6 V and VGs =IV; Io = 6.3 rnA for Vos = -16 V and VGs = 2 V. 
Calculate the transconductance gm. gm is also known as forward transfer admittance. 

3(a) A sinusoidal signal is applied to the input of the following circuit. Calculate the source frequency (Hz) 
at which the amplitude of the output voltage becomes half of that of the input. 

0.47~LF 

(b) In the following circuit in Fig. 3(b), the Zener diode has V7 = 0.7 V and Vz = 6 V. What is the value of h 
and /z? (Consider RFB = 0 n, Rz = 0 n). 

12V 4k0 

Fig. 3(b) Fig. 3(c) 

(c) An input voltage of v; = 6 sin3I4.2t volt is applied in the circuit of Fig. 3( c). Considering an ideal diode, 
draw the output voltage waveform vo. 
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(d) In the circuit in Fig. 3(d), the transistor has a p of 100. Calculate the accurate value of h- Consider that 
VBE is 0.67 V in forward-active condition. 

r---""T"""<>12V 30V 

5kn 

2.2kn 

Fig. 3(d) Fig. 3(e) 

(e) Draw the de load line on the output characteristic plot of the Si- transistor in Fig. 3(e) with h1E = 2.1 k.O, 
hFE = 1 oo, hoE = 10·6.n. 

(f) Considering an ideal op-amp, calculate the current I and the output voltage V0 in the following circuit. 

I-. 

(g) Considering ideal op-amps, calculate the output voltage V0 of the following circuit. 
1kn 

(h) An amplifier using negative feedback has ah open-loop low-frequency gain of Av = lOs, an open-loop 
bandwidth l'if= 100Hz, and a closed-loop low-frequency gain of ACL = 100. Determine the bandwidth of the 
closed-loop system. If Avis changed to 2x lOs, calculate the new AcL value. 

(i) In the circuit, the input impedance of the amplifier without any 
feedback is Z; = 2.1 k.O, and the open-loop voltage gain is Av = 

I 0,000. Calculate the circuit input impedance Z;n with negative 
feedback. 
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G) (i)Calculate the operating frequency of the oscillator in Fig. j(a). What is the gain value of the amplifier at 

the frequency of oscillation? 

(ii) Calculate the operating frequency of the oscillator in Fig. j(b). 

0.1J.lF 
2701<0 

Fig.j(a) 

(k) (i) The Pierce oscillator in Fig. k(a) has a crystal with series resonanc(: frequency Is= 400kHz and Rs = 1 
k.Q. Calculate the inductance offered by the crystal at the oscillating frequency. Given that R1 == 1 M.Q, R2 = 

10 k.Q, C1 = 1000 pF, and C2 = 100 pF. 

(ii) The RC network in Fig. k(b) is used to design a phase-shift oscillator with oscillation frequency 1 kHz. 
Calculate the required capacitor values C. 

Voo. 

Fig. k(a) 

(l) M = 10010101 and N = 01101001 are two binary numbers. Compute M-N using 1 's complement method. 

(m)(i) 

Express the function Ji in terms of the inputs. 

(ii) Find out the output of the logic circuit. 

X 

y 

(n)Convert the following logic diagram to equivalent NOR logic diagram. 
0 
c 
s~--~ F 
A-----.....1 
s----~ c·----t _ _.. 

(o) Write down the truth table for a full-adder logic circuit. Using only two input AND and two input OR 
gates, draw a logic diagram to implement the carry bit. 
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(p) The truth table for a Boolean function F1 is given below. Draw the logic circuit to implement the function 
two mputN using · AND gates only. 

X y z FI 
0 0 0 1 
0 0 I 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1- 0 1 0 
1 1 0 0 
I I 1 1 

(q) (i) Find out the values of the output Q in the table. 

o....,----1 Q(t) D Q (t+1) 
a 0 0 

0 1 

a· 1 0 
1 1 

(ii) 

K 

C.P. 

In the left circuit, the output Q is at logic 1 at nth clock pulse. 
Find out the logic level ofQ at (n+1)th clock pulse when both of 
the inputs are at logic level 1. 

J 

(r) Draw the logic circuit of a 2-to-4 line decoder that generates all the min-terms. 

(s) In the following PLA, fmd out the output functions F1 and F2• Write down the function F2 in terms of the 
max terms. 

(t) Fill in the blanks by most appropriate word/words or number: 

(1) An 8-bits address register can specify_ memory words. 

(ii) In digital logic, a _ consists of flip-flops and follows a sequence of states upon the application of 
input pulses. 

(ii1) The number of OR gates used in a 128x8 ROM is_. 

(iv) In a SR-latch using NAND gates, the indeterminate state appears for the inputs S =_and R = _. 
(v) The number of output terminal of a 16x1 MUX is_. 

(vi) For cases where the number of don't-care condition is excessive,_ is more economical to use than a 
ROM. . 

(vii) _ is a class of digital circuits built from bipolar junction transistors and resistors and it uses only 
transistors to perform both the logic gating function (e.g., AND) and the amplifying function. 

(viii) In a digital memory unit, the in and out operation is communicated through_ register. 
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