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1. Abstract 

In view of the critical situation the global financial market is currently facing, now is 

the time to rethink those topics related to the business models being practiced and the 

analysis methods involved. The case of the American subprime is an example of this. In 

Brazil, we see a growing number of legal questions regarding the illegal practice of 

charging compound interest, called Anatocism. Therefore, we need to know the 

mathematical models applied to real estate loans and analyze the advantages and 

disadvantages. The proposal of this paper is to discuss the occurrence of Anatocism in 

the main amortization systems and to assess the weighted linear method, known as the 

Gauss Method, as an alternative to existing systems. Examples based on real market 

practices were used for such. The results expose arguments regarding the practice of 

Anatocism and show the technical difficulties that exist to define an appropriate model 

for charging interest on real estate loans. 



2. Introduction 

A significant evolution has been observed in the consumer market in terms of 

demand and the capacity for discernment in practically every economic area. This 

evolution, whether the result of greater access to information or strong competition in 

the market, results in countless benefits for the economy. With all their power, 

consumers are much more able to analyze alternatives and weight their acts. However, 

in some points we have notable characteristics, as in the case of real estate financing. 

Brazil has a huge housing deficit. That is one of the reasons the real estate sector 

is one of the most important for our economy. This segment generates important 

discussions not yet explained and in need of study. 

Cession for use of a determined property for a specific period of time through a 

consideration being provided the assignor is called rent. There are several ways to 

express this activity; however, when we apply this to something more specific, like 

money, cession for use no longer generates a consideration with the same name. When 

the object in use is no longer generic and becomes specific: capital, the consideration is 

then called INTEREST. This denomination intrinsically adds a pejorative character to 

the business. When we contract rental of a property or a DVD, the discussion does not 

apply to cheap or expensive, simply because the contracting party did so of his own will 

for the convenience and no doubt the good repute or morality of the contracted party. 

When dealing with INTEREST, this wholesome character becomes pejorative, as if 

jeopardizing society. 

This characteristic is cultural, since in a cession for use called rent the parties 

discuss the details prior to contracting until reaching a convergence of mutual benefit. 

When dealing with a cession for use of capital, little is discussed regarding operation 

details before contracting, especially the rate and form of settlement, and this opens lots 



of room for discussion. Part of this culture comes from the large mass of population that 

acquires goods at large stores that devise interest rates, commercializing products at 

payments as if no interest were being charged.  

Thus, for the population in general, the role of banks that sustain themselves from 

contributions for the cession of a good, like a real estate agency, is an evil to society, 

mainly because they do not know the methods and rates applied in the operation. The 

lack of knowledge regarding the opportunity cost and control of their own property 

generates distrust that often ends up in court. 

Thus the importance in understanding and analyzing rates and methods. 

Comparing legislation in force, we can explain many doubts that are discussed 

judicially today and if observed and discussed at acquisition would avoid many 

disputes. 

In this context of judicial disputes, it is most common to see the practice of 

charging interest on interest, prohibited by current legislation. This fact implies a large 

number of arguments from both interested parties in proving the practice or not. In this 

search, many mathematical concepts are distorted or not correctly interpreted. This ends 

up generating many conflicts and diverging decisions by the courts. 

These diverging decisions place our entire financial system at risk, since once 

contracted, an operation must be honored, and if an illegality is observed, it should not 

even be contracted.  

Therefore, it is important to know the mathematical methods applied to real estate 

loans and analyze their advantages and disadvantages according to economic 

engineering precepts. 

Thus, this paper proposes a discussion of the practice of charging interest on 

interest in the main amortization systems used and to assess the weighted linear method, 



known as the Gauss Method, as an alternative to existing systems.  

 

3. Amortization Systems 

Like any product or service, capital must be remunerated for its use. This charge 

results from the fact the consumer opts to consumer goods in the present and not the 

future. Several concepts of financial mathematics unfold from there in the search for 

coherent methods for increasing and amortizing capital. 

In reality, capital remuneration occurs from applying a predetermined coefficient, 

influenced by several factors, which in a determined period of time should supplant the 

cost of used capital. This coefficient is called the interest rate. 

How this rate is converted into capital and added to it, that is, capitalized, can 

occur through the simple or compounded regime. 

According to Puccini (2006, p. 13), in the simple capitalization regime “each 

period’s interest rates are always calculated as a result of the initially applied capital 

(principal). The interest is not added to the capital to calculate new interest in the 

following periods.” 

Puccini (2006, p. 15) explains that in the compounded regime, "the interest is 

added to the capital to calculate new interest in the following periods. The interest is 

capitalized and consequently yields interest.” Casarotto Filho and Kopittke (1996, p. 19) 

observe that “after each capitalization period, interest is added to the previous debt, and 

it begins to yield interest the following period. It all occurs as if each period the loan 

were renewed, but at the value of the principal plus the interest for the previous period." 

The basic different, as explained by Pilão and Hummel (2004, p. 20), “is that in 

the case of simple interest we would have a simple rate applied to the principal, whereas 

in compound interest, this same simple rate is applied to the principal plus past 



interest.” 

The capitalization regime has been the basis for many commercial divergences by 

real estate loan borrowers since it is an important characteristic of amortization systems. 

These systems are any payment flow used to settle a debt, in this case the purchase of 

property. The only element that cannot vary is the interest rate, regardless of payment 

periodicity, as the amortization or advance payments flow. 

Discussions regarding the amortization systems applied in Brazil mainly occur as 

to the form of interest capitalization and interest on interest. The latter, an illegal 

practice, prohibited by our legislation, has led many obligors sue their contractors 

because they believe they have been harmed. In this context, that which is governed by 

law on the subject matter is studied further ahead. 

 

4. Legal aspects 

Following a global legal trend, Brazil regulated the application of interest through 

decree 22.626/33 (BRAZIL, 1933), aimed at impeding the exaggerated remuneration of 

capital. Article 4 of this decree states “it is prohibited to apply interest on interest. This 

prohibition does not include the accumulation of interest maturing in net current 

account balances from year to year.” 

Against this standardization, there is great discussion regarding the applicability 

of the decree mentioned in real estate loans, especially due to the lack of clarity and the 

long sequence of decrees and laws that in their search for regulating the issue, ended up 

making understanding more difficult. 

The Brazilian Civil Code, instituted by law in 2002, stands out by admitting the 

compound capitalization of interest: “if the loan is for economic purposes, interest is 

presumed owed, and it, under penalty of reduction, cannot exceed the rate referred to in 



art. 406, with annual capitalization permitted.”   

In short, on August 2, 2004, the Brazilian judiciary decided that charging interest 

on interest on operations conducted by National Financial System member institutions, 

with periodicity of less than one year, was unconstitutional (BRAZIL, 2004).  

With regard to payment of periodic installments, the Civil Code standardizes the 

direction of resources, where a priori the interest coming due for the amortization 

should be paid: “with principal and interest, payment will first go to interest due, and 

then to principal, unless stipulated otherwise or if the creditor itself decides to settle the 

principal.”  

Due to diverging interpretations of regulatory mechanisms, a great volume of 

lawsuits question the incurrence of interest on interest in amortization systems used in 

real estate loans. Most of these questions are based on a poorly interpreted concept 

called anatocism, which we will try to explain. 

 

5. Anatocism 

The legal position regarding interest in Brazil was influenced by concepts external 

to our country, like the concept of anatocism. 

Anatocism is commonly known as charging interest on interest, associated with 

compounded capitalization. 

Interest on interest is a characteristic of compound capitalization; however, the 

concept of anatocism is a little more specific. 

There are several perspectives of this concept: Ferreira (2001) says the Aurélio 

21st Century Dictionary affirms “anatocism is the capitalization of interest on a loaned 

sum”; Cunha (1997), in the Etymological Dictionary, states “anatocism is the 

capitalization of interest on a loaned sum. It is from the Latin anatocismus, derived 



from the Greek anatokismós”. And Rudge (2006), in the Encyclopedia of Finance, says 

“anatocism is the capitalization of interest on a loaned sum. The same as compound 

interest, capitalized interest or interest on interest."  Naufel (2002), in the New Brazilian 

Legal Dictionary, affirms “anatocism is the capitalization of interest, with the maturity 

of new interest. It is interest on interest already produced by the employed principal." 

On the other hand, Vieira Sobrinho (2004, p. 2) concludes that “anatocism has 

nothing to do with the criteria for shaping interest to be paid – or received – on a 

specific date. It consists of charging interest on interest past due and not paid, exactly as 

defined in the New Brazilian Dictionary” [sic]. Following the same logic, Sandroni 

(1996, pg. 19) writes “anatocism is the term that designates the payment of interest on 

interest, that is, the capitalization of accumulated interest that was not paid in the 

respective period.” 

The divergence among academics is latent, favoring legal discussions. It is 

understood that Brazilian legislation’s lack of clarity feeds these discussions. However, 

it is also understood that the contracting party will only be harmed when interest past 

due and not paid is incorporated to the debtor balance and increased again in the 

following period. 

Therefore, this article sees anatocism as the practice of charging of interest on 

interest past due and not paid, as defined in the New Brazilian Dictionary, that is, the 

practice of interest on interest, and not rates on rates. 

Brazilian legislation prohibits interest on interest. Thus, what is prohibited is the 

incorporation of interest past due and not paid, which has already been increased, to the 

principal. Thus, regardless of how much the understanding of the law is discussed, it 

does not prohibit monthly interest charges. It only aims at avoiding past interest being 

incorporated and capitalized. It is necessary to be aware of the frequent error of 



confusing capitalized interest with capitalized rates applied to amortization systems. 

According to FERREIRA (2001), the term “capitalize” is defined as “convert into 

capital”, “add to capital” and thus does not include the act of receiving, in cash, the 

period’s interest, without ever incorporating it to the debtor balance, as constituting 

capitalization. 

 

6. Methodology 

In order to achieve the objectives described in this paper’s introduction, it is 

necessary to establish how the study will be conducted. In other words, decide which 

methods will subsidize the presentation of conclusions. 

According to Gil (1999 p. 20), science is a form of knowledge that aims at 

formulating laws that govern phenomena using rigorous and appropriate language, if 

possible, with the help of mathematical language. 

In this paper, methodological research predominates, investigating theoretical and 

applied aspects, with mathematical proof, comparing the application of methods and 

procedures in search of the proposed end. 

Aimed at fostering and subsidizing research objectives, examples were used that 

are compatible with real operations in the real estate loan market. They were analyzed 

according to capital equivalence, the time value of money, the Net Present Value (NPV) 

and the Internal Rate of Return (IRR). 

The example used is a $ 30,000.00 (C) loan for 10 years (n) at an effective rate (i) 

of 6.00% per year. 

 

 

 



7. Analysis and discussion  

7.1 Price Amortization System 

The most discussed and used Price table in Brazil is thus known due to its creator, 

farmer, Calvinist religious pastor, discipliner and puritan, Richard Price. 

Best known for his theological and philosophical vein than his theorems, in 1976, 

at the request of the English insurance firm, Equitable Society, his famous work, 

Northampton Mortality Table, was published. It positions the local population’s 

probability of life and death in a statistical manner – Nogueira (2002). 

Based on mortality tables, Richard Price publishes Observations on Revisionary 

Payments in 1771. Among the many explanations on arithmetic and statistics, it mainly 

presents compound interest tables. This publication reveals his methodology for a 

periodic payment system and the formula produced for recovering capital. 

In this system, payments (P) are equal and comprised of two parts: amortization 

and interest. The interest (i) for a specific period (n) is calculated by applying the rate to 

the debtor balance for the previous period (n-1). Amortization (A) is obtained by 

subtracting the interest from the payment. Debtor balance is known by the difference in 

the previous balance from the amortization. In this system, the contracting party pays 

higher interest sums in the initial payments. The following formula is used to calculate 

the payment (P), where C is the sum financed:  

 

 

7.1.1 Systems: Price – Simple Interest and Anatocism 

Capital equivalence, the time value of money, is used to prove the capitalization 

regime used, transporting the sums to the zero focal date.  

This is because in simple capitalization, interest matures in full. In other words, it 



is not permitted to pay parts of the principal since the fractioning is not permitted. Thus, 

all interest and initial capital must be redeemed or settled at once, characterizing a 

single operations, as explained by Francisco (1985, p. 81), Faro (1989, p. 106) and 

Mathias and Gomes (1984, p. 94). The same payment value is observed for both 

systems. Therefore, for comparison we will consider both regimes as ten loans coming 

due one, two, three up to the tenth period, and we will take them to date zero to find the 

corresponding Net Present Value (NPV). Both regimes considered $ 4,076.09 as the 

payment value. 

According to Puccini (2006, p. 132), “the Net Present Value of a cash flow is 

equal to the present value of future payments – discounted at a specific rate – added 

algebraically with the magnitude put at zero-point.” 

Table 1 shows the NPV for the loan obtained using the Price system decapitalized 

by the simple and compound regimes. 

 
Pmt = 30,000.00 x 0.3587 = 4,076.09 

Period 
Formula 

Payment discounted at 
Compound interest 

Formula 
Payment discounted at 

Simple interest 

1 1/(1+0.06)1 3,845.37 1/(1+0.06 1) 3,845.37 

2 1/(1+0.06)2 3,627.71 1/(1+0.06 2) 3,639.37 

3 1/(1+0.06)3 3,422.36 1/(1+0.06 3) 3,454.31 

4 1/(1+0.06)4 3,228.65 1/(1+0.06 4) 3,287.17 

5 1/(1+0.06)5 3,045.89 1/(1+0.06 5) 3,135.45 

6 1/(1+0.06)6 2,873.48 1/(1+0.06 6) 2,997.13 

7 1/(1+0.06)7 2,710.83 1/(1+0.06 7) 2,870.49 

8 1/(1+0.06)8 2,557.39 1/(1+0.06 8) 2,754.11 

9 1/(1+0.06)9 2,412.63 1/(1+0.06 9) 2,646.81 

10 1/(1+0.06)10 2,276.07 1/(1+0.06 10) 2,547.56 

0  30,000.00  31,177.76 

  NPV = 0  NPV=1,177.76 

Table 1 – NPV obtained from the decapitalization of payments using the compounded and simple methods 

Using the results from Table 1, we see that the $ 4,076.09 payment is only 

equivalent to the applied capital at a 6.00% effective rate, if decapitalized at compound 

interest. The same payment discounted at simple interest returns a sum $ 1,177.76 

greater than the invested, that is, $ 31,177.76. 



It can therefore be said that by evaluating amortization systems according to the 

calculation of NPV at compound interest, and if the result is zero, the loan was made at 

an effective rate in the regime of compound interest. Likewise, if the result is different 

from zero, the loan was not made by applying a rate in the compound interest regime. 

In search of more mathematical elements that evidence the capitalization regime, 

the referred to cash flow was analyzed to determine the effective rate, finding its 

Internal Rate Return (IRR).  

Assaf Neto (2001, p. 270) explains that the IRR as an “interest rate that equals the 

present value of inputs with the projected cash outflows in a specific moment of time.” 

In the compounded regime, with the assistance of an HP12C financial calculator: 

<f> <REG> 30000 <CHS> <g> <CF0> 4076.09 <g> <CFj> 10 <g> <Nj>  

<f> <IRR> = 6.00% 

In the simple regime, since there are no calculators for that purpose, Newton’s 

Interactive Method was used to find the rate since it is known for linear interpolation. 

 

The equation seeks the rate (i) for the present value to be 30,000. Estimating 

6.00%, we get an NPV of 31,177.76. At 7.50%, we get an NPV of 29,557.62. Thus, we 

have: 

 

Therefore, observe that by evaluating the decapitalized flow using the compound 

interest method, the result is equal to the effective contracted rate, that is, 6.00% per 

year. The same does not occur when using the simple interest discount method, 

resulting in a rate of approximately 7.10% per year. 

In view of the described analyses, the NPV method and IRR calculation reveal 



sufficient subsidies to safely affirm mathematically that the capitalization regime 

applied to the Price table is the compounded regime. 

Considering the conclusion that the Price system evolves at compound interest, 

we now need to discuss the existence of anatocism. As seen above, anatocism is the 

incorporation of past due and unpaid interest to the debtor balance and increased again 

in the following period. Thus, we analyze table 2 where each item of the flow is 

separated to more clearly explain its incidence or absence. 

Table 2 – Evolution of the payment flow obtained using the Price system 

Observe that during the ten periods, all past due interest is paid at once. They are 

not incorporated into the past due and unpaid interest balance. Therefore, the act of 

receiving interest coming due up front, without incorporating it to the debtor balance, 

does not constitute capitalization. 

 Thus, although the system undergoes compounded capitalization, at no moment 

is there capitalization of interest to the balance, and the consequent impossibility of a 

new increase. Example: at the end of the first period, the debtor pays the interest related 

to the use of capital for that period, and another payment to amortize debt. 

In view of the results and analyses, it is understood that in the Price system there 

is no illegal practice of anatocism, as long as the normal payment flow is respected. 

 

Period Initial PV Payment Past Due Interest Interest Paid Amortization Final PV 

0 30,000.00     30,000.00 

1 30,000.00 4,076.09 1,800.00 1,800.00 2,276.09 27,723.91 

2 27,723.91 4,076.09 1,663.43 1,663.43 2,412.66 25,311.25 

3 25,311.25 4,076.09 1,518.68 1,518.68 2,557.41 22,753.84 

4 22,753.84 4,076.09 1,365.23 1,365.23 2,710.86 20,042.98 

5 20,042.98 4,076.09 1,202.58 1,202.58 2,873.51 17,169.47 

6 17,169.47 4,076.09 1,030.17 1,030.17 3,045.92 14,123.55 

7 14,123.55 4,076.09 847.41 847.41 3,228.68 10,894.87 

8 10,894.87 4,076.09 653.69 653.69 3,422.40 7,472.47 

9 7,472.47 4,076.09 448.35 448.35 3,627.74 3,844.73 

10 3,844.73 4,076.09 230.68 230.68 3,844.73 -          0.00  

TOTAL   10,760.22 10,760.22   



 

7.2 Constant Amortization System (CAS) 

The main characteristic is the constant value of amortizations in the payment 

flow. In this case, the payment decreases with the debtor balance in an arithmetic 

progression according to the multiplication of amortization by the applied effective rate. 

This leads to the initial impression of dealing with the application of simple interest. 

In CAS, the amortization value (A) is known by dividing the debtor balance by 

the number of periods (A= SD/n). Interest to be paid shall be the debtor balance 

multiplied by the effective rate (Jn= SDn×i). Payment is the sum of amortization and 

interest applied in the period (Pn = A + Jn ). 

In table 3, we see the example of the 30,000.00 loan for 10 years at an effective 

rate of 6.00% per year, in the flow obtained from the CAS system. 

Period Payment Interest Amortization 

1 4,800.00 1,800.00 3,000.00 

2 4,620.00 1,620.00 3,000.00 

3 4,440.00 1,440.00 3,000.00 

4 4,260.00 1,260.00 3,000.00 

5 4,080.00 1,080.00 3,000.00 

6 3,900.00 900.00 3,000.00 

7 3,720.00 720.00 3,000.00 

8 3,540.00 540.00 3,000.00 

9 3,360.00 360.00 3,000.00 

10 3,180.00 180.00 3,000.00 

Table 3 – Evolution of payment, interest and amortization by the CAS model. 

 

7.2.1 Systems: CAS – Simple Interest and Anatocism 

In order to evaluate the CAS, the same methodology is used to compare the Price 

System and Simple Interest. 

Therefore, for comparison we will consider both regimes as ten loans coming due 

one, two, three up to the tenth period, and we will take them to date zero to find the 

corresponding Net Present Value (NPV). 



Table 4 shows the NPV for the payment obtained by decapitalized CAS using 

simple capitalization and compounded capitalization. 

Period Formula 
Payment discounted at 

Compound interest 
Formula 

Payment discounted at 
SIMPLE interest 

1 1/(1+0.06)1 4,528.30 1/(1+0.06 1) 4,528.30 

2 1/(1+0.06)2 4,111.78 1/(1+0.06 2) 4,125.00 

3 1/(1+0.06)3 3,727.91 1/(1+0.06 3) 3,762.71 

4 1/(1+0.06)4 3,374.32 1/(1+0.06 4) 3,435.48 

5 1/(1+0.06)5 3,048.81 1/(1+0.06 5) 3,138.46 

6 1/(1+0.06)6 2,749.35 1/(1+0.06 6) 2,867.65 

7 1/(1+0.06)7 2,474.01 1/(1+0.06 7) 2,619.72 

8 1/(1+0.06)8 2,221.04 1/(1+0.06 8) 2,391.89 

9 1/(1+0.06)9 1,988.78 1/(1+0.06 9) 2,181.82 

10 1/(1+0.06)10 1,775.70 1/(1+0.06 10) 1,987.50 

0  30,000.00  31,038.53 

  NPV = 0  NPV=1,038.53 

Table 4 – NPV obtained from the decapitalization of payments using the compounded and simple methods 

As seen, the payment resulting from the constant amortization system, discounting 

compound interest, returns an NPV of zero on date zero. The same payment discounted 

using the simple interest method, returns 1,038.53 on date zero. Thus there is the 

argument that the constant amortization system is governed by the compounded 

capitalization of interest since by decapitalizing payments by the compounded method, 

the net present value is equal to zero. Since the same procedure discounted by simple 

interest returned a value different from zero, simple capitalization is not characterized. 

In search of more mathematical elements that evidence the capitalization regime, 

the referred to cash flow was analyzed to determine the effective rate, finding its IRR. 

In the compounded regime, with the assistance of an HP12C financial calculator: 

<f> <REG> 30000 <CHS> <g> <CF0> 4800<g><CFj>4620<g><CFj>4440<g><CFj> 

4260<g><CFj>4080<g><CFj>3900<g><CFj>3720<g><CFj>3540<g><CFj>3360<g> 

<CFj>3180<f> <IRR> = 6.00% 

In the simple regime, Newton’s Interactive Method was used, as seen in item 

7.1.1. We arrive at the rate of 7.00% per year. 



 

Therefore, observe that by evaluating the decapitalized flow using the compound 

interest method, the result is equal to the effective contracted rate, that is, 6.00% per 

year. The same does not occur when using the simple interest discount method, 

resulting in a rate of approximately 7.00% per year. 

In view of the described analyses, the NPV method and IRR calculation reveal 

sufficient subsidies to safely affirm mathematically that the capitalization regime 

applied to the CAS table is the compounded regime. 

Therefore, we now need to analyze whether in the constant amortization system, 

evolving through compounded capitalization, anatocism is being practiced. For such, we 

used the same spreadsheet format for payments and amortizations, aimed at explaining 

the referred to practice. Table 5 shows the information. 

Period Initial SD Payment Past Due Interest Interest Paid Amortization Final SD 

0 30,000.00     30,000.00 

1 30,000.00 4,800.00 1,800.00 1,800.00 3,000.00 27,000.00 

2 27,000.00 4,620.00 1,620.00 1,620.00 3,000.00 24,000.00 

3 24,000.00 4,440.00 1,440.00 1,440.00 3,000.00 21,000.00 

4 21,000.00 4,260.00 1,260.00 1,260.00 3,000.00 18,000.00 

5 18,000.00 4,080.00 1,080.00 1,080.00 3,000.00 15,000.00 

6 15,000.00 3,900.00 900.00 900.00 3,000.00 12,000.00 

7 12,000.00 3,720.00 720.00 720.00 3,000.00 9,000.00 

8 9,000.00 3,540.00 540.00 540.00 3,000.00 6,000.00 

9 6,000.00 3,360.00 360.00 360.00 3,000.00 3,000.00 

10 3,000.00 3,180.00 180.00 180.00 3,000.00 - 

TOTAL   9,900.00 9,900.00   

Table 5 – Evolution of the payment flow obtained using the CAS system 

Observe that during the ten periods, all past due interest is paid at once. They are 

not incorporated into the past due and unpaid interest balance. Therefore, the act of 

receiving interest coming due up front, without incorporating it to the debtor balance, 

does not constitute capitalization. 

 Thus, although the system undergoes compounded capitalization, at no moment 



is there capitalization of interest to the balance, and the consequent impossibility of a 

new increase.  

In view of the results and analyses, it is understood that in the CAS system there 

is no illegal practice of anatocism, as long as the normal payment flow is respected. 

 

7.3 Gauss Method 

Developed by the German mathematician, Johann Carl Friedrich Gauss, this 

method is characterized by settlement of the debtor balance through periodic and 

constant payments. Supposedly developed in the simple interest regime, in some cases 

this has been the replacement for Price and CAS systems, as per determination of some 

Brazilian judges who deem the latter illegal due to anatocism – Sandrini (2007). 

The system’s payment constancy is obtained from the sum of arithmetic 

progression (PA) terms. Amortization is found by the property of the general term and 

the sum of PA terms. Interest is the difference between payment and amortization, and 

the debtor balance is obtained from the initial balance minus amortization for the period 

– Sandrini (2007). 

Use the following formula to find the payment:  

 

For amortization of period 1 (A1), use the formula obtained from the sum of 

terms, factoring and isolating the first amortization: 

 

Whereas the amortizations grow at a constant value, in Arithmetic Progression 



(PA), in order to lean the amortization of the remaining periods, apply the general term 

formula: 

 

Applying the concepts to the example used, table 6 shows the evolution of the 

loan according to the Gauss method. 

Period Payment Interest Amortization  

1 3,779.53 1,417.32 2,362.20 

2 3,779.53 1,275.59 2,503.94 

3 3,779.53 1,133.86 2,645.67 

4 3,779.53 992.13 2,787.40 

5 3,779.53 850.39 2,929.13 

6 3,779.53 708.66 3,070.87 

7 3,779.53 566.93 3,212.60 

8 3,779.53 425.20 3,354.33 

9 3,779.53 283.46 3,496.06 

10 3,779.53 141.73 3,637.80 
Table 6 – Evolution of payment, interest and amortization by the Gauss model. 

You can only find mathematical inconsistency with the conceptual perspective 

obtained from the model. Monthly interest was the result of subtracting constant 

payment from the amortization for the calculated instant. Therefore, observe that there 

is no relation regarding applying interest to initial capital, which decharacterizes simple 

capitalization. Conceptually, to have simple capitalization, interest must fall on capital 

applied at date zero, which does not occur in the example developed using the Gauss 

method. In this method, determination of the formulas related to “simple interest” 

considers the last period (n) as the focal date. 

In the search for arguments that explain the capitalization regime in which the 

weighted linear method evolves, capital equivalence is used, the time value of money, to 

prove the capitalization regime used, taking the values to the zero focal date. Table 7 

shows the NPV for payment obtained using the Gauss method decapitalized by the 

simple and the compounded methods. 

 



n Formula 
Payment discounted at 

Compound interest 
Formula 

Payment discounted at 
SIMPLE interest 

1 1/(1+0.06)1 3,565.59 1/(1+0.06 1) 3,565.59 

2 1/(1+0.06)2 3,363.76 1/(1+0.06 2) 3,374.58 

3 1/(1+0.06)3 3,173.36 1/(1+0.06 3) 3,202.99 

4 1/(1+0.06)4 2,993.74 1/(1+0.06 4) 3,048.01 

5 1/(1+0.06)5 2,824.28 1/(1+0.06 5) 2,907.33 

6 1/(1+0.06)6 2,664.40 1/(1+0.06 6) 2,779.06 

7 1/(1+0.06)7 2,513.60 1/(1+0.06 7) 2,661.64 

8 1/(1+0.06)8 2,371.32 1/(1+0.06 8) 2,553.73 

9 1/(1+0.06)9 2,237.09 1/(1+0.06 9) 2,454.24 

10 1/(1+0.06)10 2,110.47 1/(1+0.06 10) 2,362.20 

0  27,817.61  28,909.37 

  NPV = 2,182.39  NPV = 1,038.53 
Table 7 – NPV obtained from the decapitalization of payments using the compounded and simple methods 

We can see that ten equal payments, discounted at 6.00% per year in simple 

interest, do not equal the R$ 30,000.00 loan at the zero date. There is still a debtor 

balance of 1,038.53. This characteristic leads to the understanding that if a system 

decapitalized at simple interest, on the zero date, does not return an NPV equal to zero, 

it was also not capitalized in the simple regime. 

Thus, the flow discounted by compound interest returned an NPV of 2,182.39. 

The payments would thus not pay off the total loan, with the remaining balance to pay. 

Therefore, there is still the difficulty in obtaining the capitalization regime that 

governs the flows in the weighted linear method. The characteristics escape the 

mathematical concepts for the simple capitalization system, making it difficult to define 

them according to simple or compounded regimes. 

The cash flow was then analyzed to determine the effective rate and find its IRR. 

In the compounded regime, with the assistance of an HP12C financial calculator: 

<f> <REG> 30000 <CHS> <g> <CF0> 3779.53<g><CFj>10<g><Nj> 

<f> <IRR> = 4.44% 

In the simple regime, Newton’s Interactive Method was used, finding a rate of 

5.06%. 



 

In view of the analysis carried out, the interest rate applied to the payment flow in 

the simple and compounded regimes does not remunerate capital at the agreed upon 

rate. Using IRR analysis, both regimes return a rate of less than 6.00% per year. 

In the analyses, NPV and IRR reveal the system’s inability to settle the debt at the 

contracted rate. This is the basic function of an amortization system. In this situation, 

three is a commercial advantage for the contracting party and the consequent 

disadvantage for the contracted party, making the business infeasible. Thus, the 

weighted linear method does not have the essential characteristics for an amortization 

system, making it difficult to be applied in real estate loans. 

 

8. CONCLUSIONS 

Study results reveal arguments that sustain the understanding that the Price and 

CAS system evolve at compound interest. However, at no moment was the 

capitalization of interest to the balance observed, and the consequent impossibility for a 

new increase. Thus, no characteristics of anatocism were present. 

Meanwhile, analysis of the interactive linear method, known as the Gauss method, 

showed inconsistencies with its pre-definitions. Its evolution at simple interest did not 

prove true and it was proven that the referred to system does not remunerate capital at 

the agreed upon rate. In this system, it is good to be the debtor, never the creditor. 

Thus, this document recognizes the difficulty in obtaining an appropriate model 

for charging interest in real estate loans. 

However, the issue of high payment values does not necessarily have a 

relationship with the amortization system used in loans.  If the courts determine the 

future use of the Gauss Method, resulting in lower returns for financial institutions, the 



latter may alter interest or administrative rates to recover profits. Since the Price system 

is defined as legal, the government, with its public policies, can mitigate the payment 

values subsidizing market rates for those with insufficient monthly income to support 

such a situation. It is interesting to recall that practically all loans (household 

appliances, vehicles, etc.) are governed by compounded capitalization systems.  

Thus, it is necessary to understand the methods and rates have an essential role in 

the search for solutions in this segment of vital importance to the economy. 
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