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Summary 

 The Assignment consists of 4 tasks that will test the knowledge and understanding of 

4 different electrical components. These devices are a diode, full wave bridge rectifier, 

transistor and operational amplifier. In each section there is an overview of what the 

component is and its function along with an experiment to test its characteristics. 

 The diode was tested by comparing the forward and reverse bias resistance between 

a silicon and a germanium diode, the results of the task showed that silicon had a higher 

reverse resistance and lower forward resistance. Along with that it was concluded the 

germanium had a larger current leakage. 

 For the full wave bridge rectifier, a simulation was run to view its ability to convert AC 

voltage to a stable DC voltage. The tests showed that the addition of a large smoothing 

capacitor was necessary to produce a consistent DC voltage with few ripples. 

 The transistor experiment consisted of comparing the DC and AC characteristics of 

the component between simulated and real-world activity. It showed how the effect of 

temperature in real world and running under perfect conditions in simulation gave rise to 

variations between the results gathered from each. 

 The final task was to use an operation amplifier to produce a gain in an AC waveform 

for audio equipment. The experiment demonstrated the selected op-amp gave the necessary 

bandwidth to function as an audio amplifier with little distortion.  

 

 

 

 

 

 

 

 

 

 

 



Table of Contents 
Title Page     … 2 

Summary     … 3  

Table of contents    … 4 

Task 1 

Introduction    … 5 

Experiment    … 5 

Results     … 6 

Conclusion    … 10 

Task 2 

Introduction    … 11 

Experiment    … 11 

Results     … 12 

Conclusion    … 13 

Task 3 

Introduction    … 14 

Experiment    … 14 

Results     … 15 

Conclusion    … 17 

Task 4 

Introduction    … 18 

Experiment    … 18 

Results     … 19 

Conclusion    … 23 

References     … 24 

Bibliography     … 25 

Appendix     … 26 

 

 

 

 



Task 1 – Characteristics of Diodes 

Introduction  

 This task focuses on the differences between silicon and germanium diodes. A diode 

is a semiconductor (a material that conducts electricity under specific conditions) which only 

allows current to travel in one direction, known as forward bias whilst blocking current it in 

the other direction (reverse bias) (Mccormick, 2014). Diodes create these biases via a 

mechanism known as a positive – negative junction (p – n junction). The p – n junction is 

created by having the semiconductive material within the diode form regions of high electron 

density (the n – type semiconductor) and opposing this is an area of low electron density (p 

– type semiconductor). The p – n junction is located between the p and n type 

semiconductor, the material makeup of this is what allows current to only travel from the 

positive to negative end (Mccormick, 2014). Figure 1 shows the composition of a P-N 

junction diode. 

 

Figure 1 – Diagram of a P – N junction (Anon., n.d.) 

 Group IV elements are commonly used in the manufacturing of these 

semiconductors, as their electron shell configuration allows for efficient transfer of free 

electrons throughout the material, provided that they are the correct allotrope (elements that 

have multiple atomic structures it can arrange into) (Ware, 2014). For this reason, Silicon, 

Germanium and alloys of these are most commonly used, as they are metalloids (an 

intermediate between metals and non-metal elements) and are ideal for this purpose. 

Experimental procedure - 

 The aim of the task was to test and record the forward and reverse bias of both 

silicon and germanium diodes using the circuit shown in figure 2. 



 

Figure 2 – Circuit diagram of forward and reverse bias diode experiment  

Results - 

 For the forward bias experiment the voltage was increased in 0.1V increments, while 

the reverse test was increased in – 1.5V increments. The results from the silicon diode were 

recorded and placed in the following table. 

Silicon 
Forward  

Silicon 
Reverse    

      

Voltage (V) Current (mA) Voltage 1 (V) 
Voltage 2 
(mV) 

Diode 
Voltage (V) Current (nA) 

0 0 0 0 0 -0.0003 

0.1 0.00004 -1.5 -72.5 -1.5725 -7.25 

0.2 0.00026 -3 -80 -3.08 -8 

0.3 0.00166 -4.5 -84.3 -4.5843 -8.43 

0.4 0.01305 -6 -94.1 -6.0941 -9.41 

0.5 0.108 -7.5 -102.5 -7.6025 -10.25 

0.6 0.928 -9 -105 -9.105 -10.5 

0.7 7.41 -10.5 -108.7 -10.6087 -10.87 

0.8 32.7 -12 -114 -12.114 -11.4 

0.9  -13.5 -114.3 -13.6143 -11.43 

1  -15 -116.8 -15.1168 -11.68 

Figure 3 – Silicon Diode table of results. 

The results show that the forward bias voltage show that the current flow does not 

increase significantly until the threshold voltage of 0.7V is reached. This is due to the 

makeup of the diode, with 0.7 being standard for these silicon-based devices.  

For the reverse bias a number of calculations were used to obtain the current as it 

could not be measured directly, thus the following equations were used. 

 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 1 (𝑉1) 𝑤𝑎𝑠 𝑡ℎ𝑒 𝑖𝑛𝑝𝑢𝑡 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 2 (𝑉2) 𝑤𝑎𝑠 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 

𝐷𝑖𝑜𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 =  𝑉1 + (
𝑉2

1000
) 



𝐶𝑢𝑟𝑟𝑒𝑛𝑡 (𝑛𝐴) =  (
𝑉2 × 10−3

10 × 106 ) × 109 

 

 With the current determined in the reverse operation, the data shows a small amount 

of current which is leaking though the diode. Within normal operating parameters this current 

can be ignored as it is considered insignificant. The reverse voltage within this experiment 

never reaches the breakdown voltage for the diode so there is no avalanche. 

 The same test was conducted on a germanium diode, with the addition of a 10kΩ 

resister in parallel with V2 for the reverse experiment, the results table shown below.  

Germanium 
Forward  

Germanium 
Reverse    

Voltage (V) Current (mA) Voltage (V) Voltage (mV) 
Diode 
Voltage (V) Current (μA) 

0 0 0 0 0 0 

0.1 0.015 -1.5 -0.013 -1.500013 -0.0013 

0.2 0.171 -3 -0.027 -3.000027 -0.0027 

0.3 0.658 -4.5 -0.05 -4.50005 -0.005 

0.4 1.471 -6 -0.081 -6.000081 -0.0081 

0.5 2.5 -7.5 -0.118 -7.500118 -0.0118 

0.6 3.68 -9 -0.162 -9.000162 -0.0162 

0.7 5.15 -10.5 -0.213 -10.500213 -0.0213 

0.8 6.6 -12 -0.27 -12.00027 -0.027 

0.9 8.31 -13.5 -0.333 -13.500333 -0.0333 

1 10.28 -15 -0.401 -15.000401 -0.0401 

Figure 4 – Germanium diode table of results 

 The results from this diode show a difference in the threshold voltage being 0.3V 

before current depletion layer of the diode begins allowing significant current to cross the 

component. This is conclusive with the datasheets found in appendix A and B that 

corroborate these findings. 

 Using the tables data for both diode types, 4 graphs were plotted for both silicon and 

germanium, forward (current against voltage) and reverse (diode voltage against current). 

These graphs are shown below and could be used to determine both the static and dynamic 

resistance values of both diode types. The points that are being measured are diode voltage 

of 0.7 volts for forward bias and -9 volts for the reverse. 



 

Figure 5 - Silicon Forward Bias Graph 

 

Figure 6 - Germanium Forward Bias Graph 

To determine the static resistance, the calculation used is: 

𝑆𝑡𝑎𝑡𝑖𝑐 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
𝑉𝑜𝑙𝑡𝑎𝑔𝑒(𝑉)

𝐶𝑢𝑟𝑟𝑒𝑛𝑡(𝐴)
 

𝑆𝑖𝑙𝑖𝑐𝑜𝑛 𝑆𝑡𝑎𝑡𝑖𝑐 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
0.7𝑉

7.41 × 10−3𝐴
= 94.467Ω 

𝐺𝑒𝑟𝑚𝑎𝑛𝑖𝑢𝑚 𝑆𝑡𝑎𝑡𝑖𝑐 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
0.7𝑉

5.15 × 10−3𝐴
= 135.922Ω 

The Dynamic resistance is the calculated with the following equation, with the orange 

line on each graph signifying ∆: 



𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
∆𝑉𝑜𝑙𝑡𝑎𝑔𝑒

∆𝐶𝑢𝑟𝑟𝑒𝑛𝑡
 

𝑆𝑖𝑙𝑖𝑐𝑜𝑛 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
0.85 − 0.65

30 − 0
=

0.2

30 × 10−3
= 6.67Ω 

𝐺𝑒𝑟𝑚𝑎𝑛𝑖𝑢𝑚 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
1.05 − 0.33

10 − 0
=

0.72

10 × 10−3
= 72Ω 

 Both the resistance results show that germanium diodes have a higher resistance 

value than silicon in the forward bias direction. With regards to the reverse bias, both graphs 

are highlighted below. 

 

 

Figure 7 - Silicon Reverse Bias Graph 

 

Figure 8 - Germanium Reverse Bias Graph 



Both types of resistance are calculated the same for reverse as they are for forward 

bias, for more accurate results, the closest data point to -9 volts was used, these being -

9.105V for silicon, and -9.000162V for germanium. Static resistance is shown below: 

 

𝑆𝑖𝑙𝑖𝑐𝑜𝑛 𝑆𝑡𝑎𝑡𝑖𝑐 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
𝑉𝑜𝑙𝑡𝑎𝑔𝑒(𝑉)

𝐶𝑢𝑟𝑟𝑒𝑛𝑡(𝐴)
=  

−9.105

−10.5 × 10−9
= 867.14 × 106Ω 

𝐺𝑒𝑟𝑚𝑎𝑛𝑖𝑢𝑚 𝑆𝑡𝑎𝑡𝑖𝑐 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
𝑉𝑜𝑙𝑡𝑎𝑔𝑒(𝑉)

𝐶𝑢𝑟𝑟𝑒𝑛𝑡(𝐴)
=  

−9.000162

−0.0162 × 10−6
= 555.566 × 106Ω 

 

 The final aim of the task was to calculate the reverse dynamic resistance of each 

diode: 

𝑆𝑖𝑙𝑖𝑐𝑜𝑛 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
−16 − 0

−11 − −9.8
=

−16

−1.2 × 10−9
= 1.333 × 1010Ω 

𝐺𝑒𝑟𝑚𝑎𝑛𝑖𝑢𝑚 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
−16 − −4

−0.037 − 0
=

−12

−0.037 × 10−6
= 324.324 × 106Ω 

Conclusion -  

 The results of both devices show that there is a common trend in function between 

them. For forward function there is a relatively low resistance observed during regular 

operation, with silicon showing a lower resistance than germanium in both static and 

dynamic resistances. When considering the reverse, the opposite is true with silicon diodes 

recording significantly higher values than germanium. It should also be noted that silicon 

allows a smaller leakage current than its counterpart.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Task 2 – Voltage Regulator Design 

Introduction –  

 Voltage regulation is a fundamental aspect of electrical engineering, as not all 

components are created equal, manipulation of input current is needed to utilise devices at 

their optimum. One of the ways this can be achieved is with a configuration of diodes known 

as a full-wave bridge rectifier, an example of this can be seen below. 

 

Figure 9 - Diagram of a full-wave bridge rectifier 

 As shown in figure 9 a full-wave bridge rectifier consists of four diodes arranged so 

that all of them are in series with a resistor. This device enables to conversion of AC to DC 

by remaining open when a positive voltage is fed though it, and inverting the signal when the 

voltage is less than zero (Muret, 2017). 

Experiment Procedure –  

 The aim of the experiment is to construct a full-wave bridge rectifier using multisim, 

recording the wave from that is produced across the resistor, along with the wave form with 

the presence of a smoothing capacitor. The second half of the task fill focus on testing a 

BZX84c5V1 voltage regulator also within multisim. 

 A rectifier was designed as shown in figure 10, that would be the bases for all the 

following experiments being conducted. The rectifier operates by D1 and D2 working in 

tandem, remaining open when a positive voltage comes from the power source, then when a 

negative voltage is delivered via the same route, the diodes switch and operate in a reverse 

bias mode. The same is true for D3 and D4 with the negative end of the power source. This 

is what allows the inverting of the sine voltage wave. Each peak is either D1, D2 or D3, D4 

operating in a forward bias, with the other working in a reverse bias. 

 

 

 

 

 

 



Results - 

 

Figure 10 - full-wave bridge rectifier design 

 Figure 10 shows the circuit with a smoothing capacitor already integrated. The 

capacitors’ role is intended to discharge between the peaks of the voltage waveform. 

Without the addition of the capacitor, the wave would resemble an inverted sin wave (with 

only the negative section being made positive) as shown in figure 11 below. 

 

Figure 11 - Full-wave Bridge rectifier waveform (no smoothing) 

 Without the smoothing, the waveform is still classified as AC current, as the current 

alternates between positive peak and zero amps. To transform this into DC current, the 

capacitor must be placed in parallel with the diode and resistor for this to occur, as shown in 

figure 12. 

 

Figure 12 - Full-wave Bridge rectifier waveform (with 100µF smoothing) 



 The smoothing effect in figure 12 is apparent in the waveform as it is more in line with 

direct current, however there are still small ripples seen in the wave. These ripples are a 

result of the size of the capacitor installed. With a more power capacitor, the ripples would 

be less measurable. As figure 13 shows, the reverse is also true where having less 

capacitance would result in larger more measurable ripples. 

 

 

Figure 13 - Full-wave bridge rectifier waveform (with 10 µF smoothing) 

Conclusion –  

 The simulation of the BZX84c5V1 shows that it can reliably convert an AC input into 

a DC output. However, it should be noted that the size of the smoothing capacitor integrated 

into the circuit is of vital importance to get as close to a true DC voltage. Without smoothing 

the result is that of an inverted sine wave, with an average voltage half of the total maximum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Task 3 – Transistors 

Introduction –  

 Transistors are versatile components with a number of applications, including acting 

as a diode and as an amplifier. They are semiconductors which have a NPN junction, being 

the reverse of a diodes PNP. Common emitter configuration is used to produce gain in the 

current fed into the collector leg, and produces a significantly larger current in the emitter leg. 

This is only possible when a small current is applied to the base. This can be measured and 

signified by the hfe (DC current gain) of the device (Dummer, 2016). The configuration of a 

common transistor can be seen in figure _ below. 

 

Figure 14 - Diagram of a transistor 

Experiment procedure –  

 The aim of the experiment is to design a common emitter amplifier using a BC184BP 

transistor which has a hfe value of between 100 and 130 as supported by the datasheet 

seen in App C. This is within the limits set for the task. Along with this a supply voltage of 

10V was chosen. A 100uF decoupling capacitor and 10uF coupling capacitor are also 

integrated. With these specifications the following design was produced shown as figure 15. 

 

Figure 15 - Diagram of BC184BP common emitter amplifier circuit 



Results -  

 The next step was to build the aforementioned design on a breadboard and test it 

under AC and DC conditions. For the DC conditions the following results were obtained. 

 DC conditions  

 
Recorded Results (V) 

(breadboard) 
Calculated Results (V) 

(multisim) 

Vb 1.74 1.47 

Ve 1.04 0.277 

Vc 4.09 5.66 

Vbe 0.69 0.696 

   

Ic 10.56mA 7.74mA 

 

 A similar test was conducted under AC conditions with a fixed input frequency of 

10Hz to find the gain the common emitter produces. This experiment involved the addition of 

a function generator and oscilloscope as shown in figure 16. 

 

Figure 16 - Common emitter amplifier with function generator and oscilloscope 

 The practical results were recorded and laid out in the table below. 

Frequency (Hz) Input channel 1 (V) Output channel 2 (V) Gain (DB) 

100 0.0424 1.12 28.43704 

500 0.0416 4 39.65933 

1000 0.0408 5 41.7662 

5000 0.0408 5.2 42.10686 

10000 0.0408 5.2 42.10686 

50000 0.0408 5.2 42.10686 

100000 0.0408 5.2 42.10686 

500000 0.0408 4.8 41.41162 

1000000 0.0408 3.8 39.38247 

Figure 17 - AC practical results for transistor 

 From this table it was possible to calculate the half power point by reducing the 

maximum gain by 3. This gives a result of 39.1DB for the half power. With this it is possible 



to estimate the bandwidtch by subtracting the minimum frequency (F1) from the maximum 

(F2).  

 

Figure 18 - Transistor frequency response graph 

 From the frequency response curve it can be seen that the half power point 

intersects at 450Hz and 1100000Hz, this allows for the following equation: 

𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ =  𝐹2 − 𝐹1 = 1100000 − 450 = 1.09955𝑀𝐻𝑧 

 For the simulated results, as figure 19 shows the bode plotter and waveform output 

of the simulated transistor circuit. 

 

 

Figure 19 - Simulated transistor wave forms and frequency response 



 From this it was recorded the maximum gain was 42.286DB. This gives a half power 

point of 39.286DB, which intersects the frequency response at 404.47Hz and 128.882MHz, 

using this it is possible to calculate the simulated bandwidth: 

𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ =  𝐹2 − 𝐹1 = 128.882 × 106 − 404.47 = 128.881𝑀𝐻𝑧 

Conclusion –  

 The BC184 transistor preformed as intended, with minor variations between 

simulated results and practical tests. This can be accounted to the sensitivity of the 

component to variations in temperature, as the simulated results are performed under 

perfect conditions and therefor do not account for this factor. It should be noted that AC 

practical condition results have a degree of human error associated with it due to the fact 

that the logarithmic graph is an ineffective way to take readings.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Task 4 – operational amplifiers 

Introduction – 

 Operational amplifiers (Op-amps) are electronic devices which are used in analogue 

electronics to undertake a variety of functions. They are constructed using transistors, 

resistors and capacitors. The op-amp can function as a amplifier, impedance converter, 

controller, comparator among a number of other useful operations. The component has an 

inverting (negative) input, a non-inverting (positive) input and an output (Hacker and 

Sumereder, 2020). This is shown in its symbol, figure _.  

 

Figure 20 - Circuit diagram of an operational amplifier 

Found at: https://www.electronics-notes.com/articles/analogue_circuits/operational-amplifier-

op-amp/op-amp-basics.php 

 The input impedance of an op-amp is theoretically infinite, in reality the impedance is 

100MΩ or higher, the output voltage is the difference of the 2 input voltages, which gives the 

equation: 

𝑣0 = 𝐴(𝑉1 − 𝑉2) 

 The equation states that if the open-loop gain (A) is infinite (in an ideal op-amp) then 

the output voltage (𝑣0) is finite, indicating 𝑉1 − 𝑉2 = 0. For this reason, it is common for a 

feedback loop to be integrated. This involves a resister or capacitor bridging an input and the 

output of the op-amp (Warnes, 2017). This gives rise to the two golden rules: 

 

The current drawn by the op amp at the input terminals is zero 

The output voltage is whatever makes the input terminals voltages equal 

(Warnes, 2017, pg 81) 

Experiment procedure –  

 For the experiment the aim was to design an inverting amplifier that was to be used 

as a pre-amp for audio equipment, producing a gain of 18. The circuit was then to be built 

and tested under DC and AC amplification. Finally, a frequency response curve for AC 

amplification was plotted, and the slew rate recorded. 

 Figure 21 shows the design of the amplifying circuit, using an inverting loop to 

produce a positive feedback system that would produce the necessary gain. A LM741 op 

amp was used, with its data sheet shown in App D, along with a standard 12V power supply. 



A minimum input resistance of 1KΩ is needed to protect the transistor from damage, so a 

2.2KΩ resister was selected for R1. The equation for R2 can be found in App E. 

 

Figure 21 - Diagram of the op amp circuit 

This op-amp was selected as it has a gain bandwidth product (GBP) of 1MHz, therefore 

using the equation: 

𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ =  
𝐺𝐵𝑃

𝐺𝑎𝑖𝑛
=

1 × 106

18
= 55.5𝐾𝐻𝑧 

 55.5KHz makes it ideal for audio equipment as it is within the range of human 

hearing. 

 

Results -  

 The circuits were then constructed on a breadboard for the DC and AC results to be 

recorded from. Shown below are the DC voltage gain results obtained: 

DC Input (V) DC output (V) 
0.1 1.67 
0.2 3.5 
0.3 5.2 
0.4 7.06 
0.5 8.78 
0.6 10.43 
0.7 10.6 
0.8 10.6 
0.9 10.6 
1 10.6 

Figure 22 - Table of DC voltage gain 



 

Figure 23- Graph of DC voltage gain 

 As Figure 23 and its table show, the output voltage is around 18 times the input. It is 

consistently slightly lower than the expected value as it was done under perfect conditions, 

any temperature fluctuations can affect the efficiency of the op-amp. The levelling off at 

10.6V output is due to the output not being able to exceed the input voltage of 12V, as well 

as the op-amp typically loosing 2V over the component. 

 For testing under AC conditions, a function generator was added to produce a 

waveform of 500Hz, the output voltage was then measured with a known input. 

AC Input (V) AC Output (V) 

0.15 2 

0.3 4.24 

0.45 6.14 

0.6 8.08 

0.75 10.15 

0.9 12.65 

1.05 14.4 

1.2 16.8 

1.35 19 

1.5 21 

1.65 22.2 

1.8 22.4 

Figure 24 - Table of AC voltage gain 
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Figure 25 - Graph of AC voltage gain 

 As with the DC gain, the figure 25 shows a similar distribution with consistent gain of 

just below 18 until reaching a ceiling of 22.4V. The maximum output voltage is almost twice 

the DC voltage due to the sine wave, meaning that both the positive and negative 

oscillations are measured, resulting in double the voltage reading.  

For frequency gain, the input voltage was a consistent 0.5V and the frequency of the 

wave was increased logarithmically for meaningful measurements to be taken. The gain was 

calculated using the equation:  

𝐺𝑎𝑖𝑛 = 20 × 𝐿𝑜𝑔(
𝑉𝑜𝑢𝑡

0.5
) 

The table below shows the results obtained. 

Frequency (Hz) Output (V) Gain (DB) 

100 6.64 22.4639615 

500 6.64 22.4639615 

1000 6.64 22.4639615 

5000 6.64 22.4639615 

10000 6.52 22.30555183 

20000 6.08 21.6986715 

30000 5.32 20.53883256 

40000 4.48 19.04616019 

50000 3.72 17.43145871 

60000 3.2 16.12359948 

70000 2.78 14.90149583 

80000 2.44 13.76839644 

90000 2.24 13.02556028 

100000 2.04 12.21320326 

Figure 26 - Table of AC frequency gain 

 The results were then used to form the graph to calculate the slew rate as seen 

below. 
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Figure 27 - AC amplification frequency response curve  

 The bandwidth of these results is 3 less than the total gain. For this the bandwidth 

would be equal to 19.46DB. As figure 27 shows with a bandwidth of 19.46DB the frequency 

(𝑓0) is 38KHz. This exceeds the 20KHz minimum needed to be used as an audio amplifier.  

 The slew rate was recorded by using an oscilloscope, figure _ below shows a picture 

of the output reading. 

 

Figure 28 - Photograph of recorded slew rate 

 Using the graph indicated in figure 28, and the known output voltage of 22.4V the 

slew rate can be calculated using the following equation: 

𝑆𝑙𝑒𝑤 𝑟𝑎𝑡𝑒 =  
∆𝑉𝑜𝑢𝑡

𝛥𝑇
=

22.4

14
= 1.6 𝑉/µ𝑠 
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 The slew rate has an effect on distortion, which is the alteration of the waveform, 

having too low a slew rate can cause the output signal to lag behind. This can cause a sine 

waveform to form a sawtooth wave. 

 Another form of distortion as shown in figure 29 below is peak clipping, once the 

peak output voltage reaches 22.4V, the waveform is compressed creating the distortion. 

 

Figure 29 - Sine wave distortion from op-amp 

 From this it can be shown that AC amplification like that of DC can not exceed the 

maximum input voltage. In the case of an audio system this would result in unwanted noise 

being generated in the unit. 

Conclusion –  

 The results have shown that the LM741 op-amp is ideal for use in audio equipment 

as it generates an 𝑓0 of 38kHz, well within the audible range for humans, and sufficient gain 

to meet the requirements. A slew rate of 1.6 𝑉/µ𝑠 is acceptable for this kind of op-amp. 
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Appendix 

Appendix A – Silicon Diode (1N4001 – 1N4007) Datasheet Found at: 

https://www.digchip.com/datasheets/parts/datasheet/139/1N4001-pdf.php 

 

Appendix B – Germanium diode (1N34A) Datasheet, found at: https://www.silicon-

ark.co.uk/datasheets/1N34A.pdf 

 

 

 



Appendix C – BC184L datasheet. Found at: 

https://www.mouser.com/datasheet/2/149/bc184l-291988.pdf (17/01/2023) 

 

 

 



App D – IC741 datasheet as found at: https://www.ti.com/lit/ds/symlink/lm741.pdf 

 

Appendix E – Transistor R2 resistance calculation 

𝐺𝑎𝑖𝑛 =  
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=  −

𝑅2

𝑅1
 

𝑅2 = 𝑔𝑎𝑖𝑛 × 𝑅1 

𝑅2 =  18 × 2.2 × 103 

𝑅2 = 39.6𝐾Ω 

The negative at the start of the equation shows that this is inverted feedback 
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