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Abstract- Analog Computers can realize most of mathematical equations; these 

equations can be solved using difference, adder, logarithmic, anti-logarithmic, 

integrator, and differentiator amplifiers. The logarithmic and anti-logarithmic 

amplifiers are the main components of the analog computers, whereas, they can 

convert the multiplication and division operations to addition and subtraction 

ones, and they can convert the exponential functions to multiplication 

relationships. These amplifiers depend on the non-linearity of the relation 

between forward current and applied voltage of the diode. All of previous types of 

wattmeters, measure the consumed power of a specific load or resistor by 

multiplying the difference voltage of that load by the current passes through it 

(i.e. P=V.I). In this paper, a proposed accurate wattmeter circuit has been 

designed and implemented using logarithmic, anti-logarithmic, non-inverting, 

and difference amplifiers. The proposed circuit has been utilized for measuring 

the consumed power of a   resistor that have any resistance value. It differs  from 

previous conventional (analog,  and digital) wattmeters due to its calculation of  

the consumed power for a given  resistor  by multiplying   the voltage difference 

(V) across that resistor by itself once time, then the resultant value is divided by 

the resistance (R) value  of  that resistor (i.e. P=V2/R). 
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1. Introduction

All the previous wattmeters yet, calculate  the 

consumed  power for a resistor load  connected  

in any  electrical circuit,   by multiplying the 

current passing through that resistor by the 

voltage difference across  it (P=V.I) [1]. The 

wattmeter is an electric device is utilized to 

measure the electrical power of any part of 

specific electrical or electronic circuit, which it 

presents the power   in Watts unit. The classical 

(Old) wattmeter is classified as an Electro-

dynamic device, that consists of two coils, the 

first one is the current coil, while the other is the 

voltage (or potential) coil, where, the last one is 

movable [2,3]. The current coil, should be 

connected in series with the given circuit 

terminals, while the voltage coil should be 

connected in parallel. The voltage coil of the 

analog wattmeter holds a needle, whereas, the 

measurement can be indicated by moving this 

needle over a scale. By flowing a current through 

the current coil, an electromagnetic field should 

be generated around the coil, the relation between 

this field and line current is direct (or forward).  

A resistor of high value resistance must be 

connected in series with the voltage coil, which is 

used to reduce the current flows through that coil 

[2,3].  The electronic wattmeter differs from the 

conventional   analog one, where, the first one 

consists of electronic components such as 

transistors, diodes, and integrated circuits ICs to 

measure direct and small amount of powers. 

Some of these wattmeters are capable of measure 

powers for frequencies higher than that used with 

classical one. The electronic wattmeter consists of  

a current to voltage converter, which translates 

the passing current through a given resistor to a 

voltage value, then the last one is multiplied by 

the voltage difference across that resistor by a 

multiplier circuit [4][5]. The modern digital 

electronic wattmeter is much different from 

previously mentioned ones; it consists of digital 

electronic components. In this device, the voltage 

and current for a specific part of any electric 

circuit, will be sampled thousands or even 

millions times at any second, then for any two 

corresponded voltage and current samples, they 

will be multiplied. The active power can be 

calculated by averaging these multiplied samples 

for a period of one cycle. The power factor can be 

calculated by dividing this active power by the 

measured Volt-Ampere VA. These wattmeters 

can calculate the RMS value for both voltage and 

current, power factor, VA, and active power (in 

Watts ) [6,7].  The proposed circuit is different 

from all of previous wattmeter types by its 
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composing and function. As mentioned before, it 

calculates the power of any resistor by 

multiplying the potential difference across that 

resistor by itself once time, then the resultant 

value is divided by the resistance value of the 

same resistor. The proposed circuit consists of 

logarithmic, difference, anti-logarithmic, and 

inverting amplifiers. The operation concept of the 

proposed circuit can be briefly discussed as 

follows, at the beginning, the voltage difference 

across a specific resistor connected in electrical 

circuit is processed by a logarithmic amplifier, 

then the resultant output voltage is multiplied by 

a factor 2 with canceling of any undesired factors 

by a  difference amplifier, the  resultant voltage 

value is processed by anti-logarithmic amplifier, 

then finally, the resultant output voltage is 

multiplied by a factor by an Inverting amplifier to 

make the resultant output voltage value in 

positive sign and canceling any undesired factors. 

The output of the proposed circuit can be driven 

to a voltage divider circuit and then to a simple 

meter. The proposed circuit mainly depends upon 

the non-linearity relation of forward current and 

applied   voltage    of     the     ideal     diode,      

which      is     connected    to    an Op/Amp to 

produce the logarithmic and anti-logarithmic 

amplifiers. 

2. Related Works

There are several previous works and researches 

are related to the topic of the proposed work of 

this paper, they are:  

In 2013, A. Mahmud et al. [8] have designed and 

hardware implemented of a high accuracy digital 

wattmeter.  They have utilized the integrated 

circuits: ADE7751, Microcontroller 

ATMEGA32, and a 16x2 LCD display, which 

they are the main components of the design. The 

output signal of the integrated circuit ADE7751 

transports the information of real power of a 

given load or resistor. Special calibration process 

extracts this real power information and then it 

will be displayed to LCD display by the 

microcontroller coding. In this work, the power 

has been measured by calculating the 

multiplication of the voltage difference across a 

given load by the current passes through that 

load. High accuracy results of the consumed 

power has been get by testing the proposed 

system of this work, which supports the success 

of the design, implementation, and execution. In 

2015, Ilsche et al. [9] have proposed a design 

and realization of a new digital wattmeter 

using analog-to-digital converter, 

microcontroller, and logic integrated circuits. 

They have measured the active power of a 

specific resistor or load by calculating the 

multiplication of the voltage difference value 

across that load by the current passes through 

it. The proposed circuit of this scientific 

group has the following specifications: 1) 

high sampling rate, 2) high accuracy, 3) high 

stability, 4) fast execution, 5) fast output 

presenting, 6) low power consumption. 

3. Logarithmic and Anti-logarithmic

amplifiers 

Logarithmic amplifiers involves three main parts: 

Op/Amp, diode or transistor, and a resistor. They 

are designed and connected as shown in Figure 

(1), The Diode is connected between the output 

and inverting input of the Op/Amp as a negative 

feedback, while the resistor Ri is connected 

between  (+) terminal of the  input voltage Vin and 

the non-inverting input of the Op/Amp. The 

output voltage Vo can be obtained by pursuit the  

Equations (1-4) [12,13]: 
The input current i can be expressed as follows:   

𝑖 =
𝑉𝑖𝑛

𝑅𝑖
  (1) 

by VD= -Vo,  the diode current can be expressed in 

the following: 

𝑖 = 𝐼𝐷 =  𝐼𝑠 . exp (
−𝑞𝑉𝑜

𝐾𝑇
)           (2) 

where, 

Vin : Input   voltage   of     the     proposed 

circuit ( in  Volt). 

VD : Diode Potential difference ( in volts). 

K : Boltzmann Constant equals 1.38×10-23 J/K. 

Vo : Output    voltage    of the logarithmic 

amplifier (in Volt). 

T : Temperature ( in Kelvin). 

q : Electron charge equals 1.6×10-19 Coulomb. 

Is : Diode reverse saturation current ( in Ampere). 
furthermore, 

𝑉𝑖𝑛

𝑅𝑖
= 𝐼𝑠 . exp (

−𝑞𝑉𝑜

𝐾𝑇
)  (3) 

by performing the logarithm operation  for both 

sides of Equation (3), one can obtain the final 

expression [12][13]:   

𝑉𝑜 =  − 
𝐾𝑇

𝑞
ln (

𝑉𝑖𝑛

𝐼𝑠.𝑅𝑖
)      (4) 
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Figure1: Circuit diagram of the logarithmic 

amplifier 

 
The anti-logarithmic amplifier (exponential 

amplifier) acts as the inverse of the logarithmic 

amplifier, the circuit diagram of this amplifier has 

been illustrated in Figure 2, as shown, the resistor 

Rf has been connected between the inverting input 

and output of the Op/Amp, which it acts as a 

negative feedback, and the diode has been 

connected between the input voltage Vin and 

inverting input of the Op/Amp. The output 

voltage of this amplifier can be obtained by 

pursuit the Equations (5-8) [14,15,16]: 

 

                  𝑉𝐷 = 𝑉𝑖𝑛                             (5) 

The input current can be calculated as follows: 

 

                    𝑖 = 𝐼𝐷 = 𝐼𝑠. exp( 
𝑞𝑉𝑖𝑛

𝐾𝑇
)                  (6) 

And the output voltage can be expressed as 

follows: 

 

                             𝑉𝑜 = −𝑖. 𝑅𝑓                           (7) 

By substituting Equation (6) in (7), final 

expression for Vo is obtained [14,15,16]: 

 

               𝑉𝑜 = −𝐼𝑠. 𝑅𝑓 . 𝑒𝑥 𝑝 (
𝑞𝑉𝑖𝑛

𝐾𝑇
)                   (8) 

 

 

Proposed Circuit Design 

The proposed circuit consists of four main stages: 

logarithmic, difference, anti-logarithmic, and 

inverting amplifiers. The Op/Amp integrated 

circuit IC LM358 has been utilized for all of these 

amplifiers. All the Op/Amps had been supplied 

by a spilt power supply (+15, 0.-15) Volt.    The     

circuit     diagram    of the proposed system is 

illustrated in 

Figure 3. 
At the beginning, The input voltage Vin has been 

applied to the input of the ogarithmic amplifier 

that has been represented by IC1 (IC LM358), this 

voltage represents the applied voltage across the 

resistor R, whereas, the power measuring has 

been performed on this resistor. Using Equation 

(4), the output voltage of the logarithmic 

amplifier IC1 has been calculated as follows: 

 

                     𝑉𝑜1 = −
𝐾𝑇

𝑞
 𝑙𝑛 (

𝑉𝑖𝑛

𝐼𝑠.𝑅1 
)                    (9) 

 

By, rearranging the equation one can obtain: 

 

 

           𝑉𝑜1 = −
𝐾𝑇

𝑞
𝑙𝑛( 𝑉𝑖𝑛) + 

𝐾𝑇

𝑞
𝑙𝑛 (𝐼𝑠. 𝑅1)    (10) 

 

The output voltage Vo1 has been applied to input 

of the difference amplifier IC2, the proposed gain 

for this amplifier is 2,  and the resistance value of 

R3 has been set to 2kΩ, so, the resistance value of  

R2 has been calculated as follows: 

 

                      𝐺1 = 2 =
𝑅3

𝑅2
=

2000

𝑅2
                  (11) 

 

 

 
 

 
Figure 3: Circuit diagram of the proposed system 

 
Figure 2: Circuit diagram of the anti-logarithmic 

amplifier 
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Furthermore, 

                        𝑅2 = 1𝑘Ω                                (12) 

 

The output voltage of the difference amplifier Vo2 

has been calculated as follows: 

 

                     𝑉𝑜2 =
𝐺1𝐾𝑇

𝑞
𝑙 𝑛(𝑉𝑖𝑛) −

 
𝐺1𝐾𝑇

𝑞
𝑙𝑛(𝐼𝑠. 𝑅1) + 𝑉1(𝐺1 + 1) (

𝑅5

𝑅4+𝑅5
) 𝑙𝑛 (𝐼𝑠. 𝑅1)                                    

                                                                                   (13) 

For G1=2, R5=2kΩ, R4=1kΩ, R1=1MΩ, V1=1 

Volt, and Is=50nA of diode D1 1N4148 (from data 

sheet), the following expression has been 

concluded: 

 𝑉𝑜2 =
2𝐾𝑇

𝑞
𝑙 𝑛(𝑉𝑖𝑛) − 

2𝐾𝑇

𝑞
𝑙𝑛(𝐼𝑠. 𝑅1) +

 (3) (
2

3
) 𝑙𝑛 (𝐼𝑠. 𝑅1)                                           (14) 

 

Which has been solved as follows: 

                         𝑉𝑜2 = ln (𝑉𝑖𝑛)
2𝐾𝑇

𝑞                     (15) 

The output voltage of the difference amplifier Vo2 

has been applied to input of the anti-logarithmic  

amplifier IC3, which has been processed to 

generate the following output voltage: 

 𝑉𝑜3 =  −(𝐼𝑠 . 𝑅6)𝑒𝑥𝑝 (
𝑞

𝐾𝑇
. 𝑙𝑛 (𝑉𝑖𝑛)

2𝐾𝑇

𝑞 )          (16) 

So,  

                      𝑉𝑜3 = −𝐼𝑠. 𝑅6. 𝑉2                       (17) 

The output voltage of the anti-logarithmic 

amplifier Vo3 has been applied to input of the 

inverting amplifier IC4, and the output voltage of 

the last amplifier IC4 has been expressed as 

follows: 

                 𝑉𝑜4 = 𝐼𝑠. 𝑅6. (
𝑅8

𝑅7
) . 𝑉2                     (18)  

The diode 1N4148 has been utilized for D1 and 

D2, and from data sheet of these diodes, Is=50nA, 

and let R6=100kΩ, R8=200Ω, R7=R (which is the 

value of power measuring resistor that located at 

the input of the proposed circuit), the output 

voltage Vo4 that represents the active power 

consumed by the load resistor R can be expressed 

as follows: 

                              𝑉𝑜4 =
(𝑉𝑖𝑛)2

𝑅
 (Volt)             (19) 

Which is the required expression. 

Note, the output voltage of IC4 is shown in 

Equation (19) which is in unit Volt, which can be 

measured by a Voltmeter, and this voltage really 

represents the consumed power of the resistor R 

in Watt unit.   

Finally, The proposed circuit has been practically 

implemented on printed circuit board, which has 

been shown in Figure 4, as illustrated, the 

proposed circuit can be characterized by the 

following features: Small size, few components, 

and low cost.  

 
Figure 4: Implementation of the proposed circuit on 

printed circuit board (PCB) 

 

3. Results and Discussion 

Theoretical results has been presented in Figure 

5, these results have been obtained by applying 

Equation (19), and three resistive loads have been 

used in this theoretical calculation, 100, 200, and 

300Ω. As shown in this figure, the consumed 

powers of these three resistive loads have been 

increased non-linearly with linear increasing of 

the applied voltage, which supports the law of 

power that shown in Equation (19). The selected 

range of the applied voltage in this application 

was (0-10) Volt. As illustrated, there are three 

curve-lines in this figure, the upper represents the 

relation using 100Ω resistive load, the middle 

was for load of 200Ω, while the lowest was for 

load of 300Ω.  

The output results of practical testing of the 

proposed circuit have been illustrated in Figure 6. 

This figure presents the relation between 

consumed power and applied voltage of the tested 

resistors using the proposed circuit. Three 

resistive loads have been utilized for this practical 

testing, 100, 200, and 300Ω. As shown, there are 

three curve-lines in this figure; the upper 

represents the relation using 100Ω resistive load,  
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Figure 5: Theoretical relation between consumed 

power and applied voltage using the proposed circuit 

 

 
Figure 6: Practical relation between consumed 

power and applied voltage using the proposed circuit 

 
The middle was for load of 200Ω, while the 

lowest was for load of 300Ω. For each curve-line 

relation, 20 measurement points has been utilized 

for this testing, these have been represented by 

circles onto and along the curve-lines, which can 

be accepted scientifically. As a comparison 

between theoretical results in Figure 5 and 

practical results in Figure 6, there is an accurate 

approximation between theoretical and practical 

results, although, there are several deviations in 

the curve-lines of the practical results that shown 

in Figure 6, these deviations have been occurred 

due to the following reasons: 

1. Poor accuracy of the measurement devices. 

2. Propagation phenomenon that occurs at high 

frequencies. 

3. Mutual inductance between   electronic 

components. 

4. Stray capacitance   between   electronic 

components. 

This approximation between the output results 

has supported Equation (19) of the consumed 

power law, as well as, this accurate 

approximation has supported the success of the 

design and performance of the proposed circuit. 

Mahmud et al. [8] have presented a practical 

result shown in Figure 7 that represents the 

relation between the active output power and the 

difference voltage across the load resistor of 100 

Ω. As mentioned before, the power measurement 

of this work has been achieved by calculating the 

multiplication of the voltage difference across the 

load resistor with the current passes through that 

resistor. As shown in Figure 7, the active power 

increases non-linearly with linear increasing of 

the applied voltage across the load resistor, which  

supports the power low ( P=V.I), and the applied 

voltage linearly varies from 0 to 5 Volt, while the 

real power non-linearly varies from 0 to 0.25 

watt. The curve line of Figure 7 is similar to that 

of the upper relation between the power and 

applied voltage of the proposed work of this 

paper that shown in Figure 6.  Note the accuracy 

of the power measurement of this work is nearly 

1.7 %, while the accuracy of the proposed work 

of this paper is less than 1%. 

Ilsche et al. [9] have tested their work and 

presented output results of the relation between 

the consumed power and applied voltage for a 

load resistance 10Ω that is illustrated in Figure 8. 

As shown from Figure 8, the active power 

increases non-linearly with linear increasing of 

the applied voltage, which is similar to that of the 

output result of testing the proposed circuit of this 

paper that shown in Figure 6. In this work, the 

applied voltage linearly varies from 0 to 7 Volt 

while the active power non-linearly increases 

from 0 to 5 watt, and the accuracy of this work 

reaches to nearly 1.5%, while the accuracy of the 

results of the proposed work of this paper is less 

than 1%. 

 

 
Figure 7: The result of relation between the actual 

power and the applied voltage of the work of 

Mahmud et al. [8] 
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Figure 8: The result of relation between the actual 

power and the applied voltage of the work of Ilsche 

et al. [9] 

 

6.  Conclusions 

One can use the operational amplifiers in 

logarithmic and anti-logarithmic amplifier 

circuits to measure the consumed power of a 

specific resistor in two manners: 1) by 

multiplying the voltage difference across that 

resistor by itself one time, and then the resultant 

value is divided by the resistance value of the 

same resistor, 2) by multiplying the voltage 

difference across the resistor by the current passes 

through that resistor itself. The outputs voltage 

values of the logarithmic, and anti-logarithmic 

amplifiers depend on the exponential function of 

the diode current equation, where, the diode of 

the logarithmic amplifier is connected as a 

feedback for the operational amplifier, while in 

the anti-logarithmic amplifier, the diode is 

connected to the inverting-input of the 

operational amplifier. Using logarithmic, anti-

logarithmic, adder, difference, integrator, and 

differentiator amplifiers, one can easily perform 

any differential or simple equations for any 

degree. The accuracy of the power measurement 

of the proposed circuit depends on the accuracy 

the resistance value of the tested load or resistor. 

Practically, the accuracy of the results of the 

proposed work of this paper has reached to less 

than 1%. 
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