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Abstract 
The objective of this paper is to highlight the effects of discrete 
components and power fluctuations on the behaviour of digital 
counters. A digital counter was designed and built using discrete 
components and used to count up to a maximum of 3 1 people before 
resetting. The paper recommends that it is preferable to use lCs in 
building such counters because of the obvious advantages  over 
discrete components. 

Introduction 
Formerly, the use of discrete components in fabricating digital counters was the common 

practice. However, as technology advanced integrated circuits began to feature in the market 

around 1960s. Integrated circuits are normally fabricated from silicon chips in monolithic planar 

form. Thus, diodes, transistors, and resistors can now- be found in chips (Mom's, Charles and 

Kenneth). Hence, RS-, JK-, D-, and T- Hip - flops as well as NOR and NAND gates ICs, etc. 

flooded the market. 

Today, it is possible to design digital counters from these devices with the obvious 

advantages over discrete components design. As low power is dissipated in the transistor at cut -off 

(OFF) or at the saturated state (ON) digital circuits ICs are normally designed to operate at ON or 

OFF state (Charles and Kenneth). As thin film technology advanced small -scale integrated (SSI) 

circuits, medium scale integrated (MSI) circuits, and large scale integrated (LSI) circuits were 

made (Morris). These electronic devices simplify design procedures. 

However, this paper wishes to x-ray the effects associated with building digital counters 

from discrete components. Using discrete components only the following circuits were designed 

and built individually and coupled together to form the digital counter that comprises a Schmitt 

trigger, five stages of flip-flops and a resetting circuit (Ezeadubu, 1975). Five torch bulbs were 

used as light indicators for the ON/OFF states of the flip-flops. Included in the counter circuit are 

the Ealing photoelectric effect module, the APS-100 Amplifier and the Power Packs which were 

simply picked from the laboratory. When the photo-cathode of the Ealing photo-electric effect 

module is bombarded by photons of light photo-energy electrons are liberated from its surface 

which are swept out through a signal lead into the APS-100 Amplifier for amplification. 

The powerful light beam from an electric bulb is directed at the cathode of the photo -diode. 

The interruption of the light beam by the people as they pass generates electrical pulses which the 

Schmitt trigger converts into square waves after amplification. The electrical pulses are fed into the 

first stage of the flip-flops connected together in asynchronous mode for counting.  

Materials and Methods Design of Schmitt Trigger 

Using discrete components the Schmitt trigger displayed in Fig. 1 was designed and built 

(Ryder, Blitzer, Bevitt, Sparkes). It is a squaring circuit that converts a sinusoidal wave into a 

square w'ave. From the dc and ac analysis: 
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Fig. 2 A Schmitt trigger with transistor T, cut -off. Current directions are 
known Calculations (Assume Ti is cut-off) 

The current directions defined in Fig. 2 lead to: ii = i2 + i3 = 

(VCc-VB)/(R, +R6){V„*Ve} (1) 

b = Vb/R4{VB « VE} (2) 

i3 = VE/Rt {1 +hFE} (3) 

When the input voltage is positive going (using eqs. (1), (2) and (3))  
V, = VE, or, Vj, = VE, = Vcc/{ l+(Ri + R6)/R4 +(RI + Rr,)/Ri( 1 + h,,,. :)} (4) 

If V, is zero Ti is cut-off by the voltage VE across the emitter resistor R3, 'f2 conducts. 
T, remains cut-off until V, exceeds VE (neglecting VBE). As T| turns ON, a negative - going 
voltage appears at A and transmits to the base of T 2 reducing its collector current. The voltage  
VE falls, further increasing lcI, which reduces the voltage at A. T, conducts heavily and T 2 
remains cut-off. The effect is regenerative. 

Period of output wave (Ryder), T = 2C R4 In 2 = 3.1 ps (5) 

Time constant of C - R6 - R4, x = CR.,R6/(R4 + R6)sec = 1 ps (6) 

As T, conducts heavily and T2 is cut-off: 
VcE(sat) ~ 0.2V, Ici(Sat) = 8.3mA. R, = [Vcc - VCE(Sat)]/Ici(SaO (7) 

Referring to fig. 2 (T, is cut-off and T2 conducts): i, = 0.610mA in eq. (1) from the 
transistor characteristics. 

V. (V c c-VE)/(R,+R6)  = 0.610mA (8) 

where VE =s '/2 of Vcc for faithful output ~ 5.1 V. For ac signal to be effectively coupled 
to the base of T2 the capacitive reactance Xc must pose a much lower resistance path than R,,:  
4Xc = R6 (9) 
Applying KVL to the Vcc - R2 - R3 loop: 

Vcc = R2Ic2(Sat) + VCE(Sat) + IE(Sat)R3 ( 1 0) 

Calculation of Ri^ and R2 using eq. 

(7):- R, =(10-0.20)V/8.3mA= 

1.18KQ Ri = 1.2KQ (preferred 

value) 

For effective triggering choose the value of R 2 to be slightly 

lower Choose R2 = 1KQ Calculation of R*: Using eq. (8):-  

 

Fig. 1: A Schmitt Trigger (T, and T2 are ASY 73 Transistors) 



 

A flip-flop is a circuit with two stable states and designed to be in one of the states at 

any given time. The flip-flop or binaries counter remains in one of the states until an input 

signal causes it to change its present state. The flip-flop shown in Fig. 3 consists of two 

amplifiers such that when one is conducting the other is cut -off (Ryder, Blitzer, Bevitt, 

Sparkes, Kloeffler). 

 

 



 

 

The application of the RESET SWITCH causes the whole five bulbs of the flip -flops 

 



to go off. 

The Ealing photoelectric effect 

module Front panel controls 

The front panel of the module shown in Fig. 4(a) contains the basic controls 

(Instruction manuals). The output of the photodiode circuit marked SIG. B in Fig. 4(b) is 

connected to the input (marked B) of APS -100 amplifier shown in Fig. 5 for amplification 

(instruction manual). 

 

Fig- 4: (a) Front Panel Controls of (b) Photodiode Circuit 

Photoelectric effect module Amplification: APS - 1 00 as 

an amplifer 

The output voltage of the amplifier shown in Fig. 5 is given by eq. (14).  

Vou, = {(Ri + Rr)/Ri}V,N(  volts) (14) 

where V,N = 10K1D, 10 is in KQ, h, (photodiode current)is in mA, and 0<K<1.  

 

Results and Discussion 
On the completion of the construction of the Schmitt trigger and the five stages of 

flip-flop using discrete components they were assembled together with the photodiode module 
and the APS - 100 amplifier module forming the digital counter (Ezeadubu, 1975). From the 

test results it was 

 

 
Fig. 5: APS-100 Amplifier (1) Variable In (2) Inverting In (3) 

Non-Inverting In (4) Signal Ground (5) Output.  
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certain that the digital counter was able to count the number of people passing the Physics 
Department corridor. 

However, the counter was observed to malfunction as the flip -flops were triggering from 
time to time even when nobody was passing through the corridor. The phenomenon was attributed 
to voltage fluctuations in the mains supply and changes  in the transistor characteristics as a result 
of heating effect as the digital counter was left on continuously during the counting session. The 
heating up of the discrete components of the Schmitt trigger, the flip -flop stages and the power 
amplifier was also believed to contribute to the change of state of the flip -flops when nobody was 
passing through the corridor. If fluctuations in the mains supply and generation of fake pulses 
within the counter could be eliminated its operations could have been exce llent. 

Conclusion 
In view of the above deductions it has become necessary to review the building of digital 

counters from discrete components and shift emphasis towards the usage of ICs in building them.  

References 
Bevitt, W.D. (1975). Transistors Handbook. Prentice Hall. 

Blitzer, J. (1975). Basic Pulse Circuits. McGraw-Hill. 

Charles, L. Alley, and Kenneth, W. Atwood (1980). Electronic Engineering (3“’ ed.), (Pp473 - 478, 

753). John Wiley and Sons. 

Ezeadubu David (1975). Counting the Number of People Passing the Physics Department Corridor. 

B.Sc. Thesis, Department of Physics, University of Nigeria, Nsukka. Unpublished work.  

Instruction Manuals of the Ealing Photoelectric Effect Module and the APS - 100 Power Amplifier: 
(1975). Manufacturer: Ealing Ltd. 

John, D. Ryder (1975). Electronic Fundamentals and Applications (4th, ed.), (Pp 486 - 487, 490 - 495). 
Prentice Hall. 

Kloeffler, R.G. (1975). Industrial Electronics and Control (2nd, Ed.). John Wiley and Sons.  

Noel, M. Morris (1977). Digital Electronic Circuits and Systems (Pp 47 - 49). Mac-Millan. 

Ryder, J.D. (1975). Engineering Electronic with Industrial Applications and Control (2"d, Ed.). McGraw-

Hill. 

Sparkes, J.J. (1975). Transistor Switching and Sequential Circuits. Pergamon Press. 


