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Abstract - In a distinction or discernment, the human rationality amounts in one of the three scenarios. For the first, the 
reaction (the time given for the thinking was limited, it’s going from of a few seconds, minutes, days or a few weeks) and 
consequently, a decision following upon this kind of reaction on a financial market (bid or ask) obeys only to the logic of 
speculation. Secondly, it’s a question of giving more time for the thinking by an analysis which can be in static order (to find 
one or several relations between the parameters) or in dynamic order (to understand the evolution of the parameters in the 
time), and consequently, this approach leads the investors towards decisions which obey generally to a strategy of anticipation. 
In third and the last, it’s about the systematic approach and, which consists to combining between the structural and behavioral 
aspect (construction of a global vision from the sub-systems and from their interactions). This vision so proposed in our 
communication will have for merit at least on one hand, to understand the equilibrium or disequilibrium of factors of the 
financial market and, on the other hand, to estimate the forces of the market established on the basis of the phenomenon of the 
attraction and the repulsion of the sovereign bonds with a various maturities. 
 
Index Terms - Sovereign Bond, Maturity, Interest Rate, Duration. 
 
I. THE MOVEMENT AND WHAT CREATE 
 
A movement, in the field of the mechanics (physics), is 
the displacement of a material with regard to a fixed 
point of the space and at the determined moment. 
Otherwise, a movement is the variation of the position 
of a point, a solid of a system, studied in a given 
reference according to the time. 
 
In Newtonian, we distinguish the absolute movement 
(movement of a material which considered with an 
absolute reference fixe and, the relative movement 
(movement of a material considered with compared 
with another any reference which isn’t fixe). However, 
this distinction isn’t valid any more, for in the current 
research, nevertheless, in any reference, we 
distinguish the movements of type): 
 
 Uniform: movement which the speed is constant; 
 Uniformly accelerated: movement which the 

speed varies with the time; 
 Uniform circular: movement of a material point 

which describes a circle with a constant speed; 
 Circular uniformly accelerated: movement of a 

material point which describes a circle with a 
speed which varies linearly in time; 

 Translation or rotation; 
 Vibratory: movement of a material which made 

with either side by its equilibrium position; 
 Brownian: random movement studied by the 

stochastic calculation. 
 

 
 A solid is a strongly related material and these components do not 

have freedom of movement. 

And the notion of amount movement introduced in 
physics represents the product of the mass by the vector 
speed of a supposed punctual material. It’s thus about a 
vectorial size, defined by the formula:  which 
depends on the study reference1. 
 
The notion of amount movement establishes the 
fundamental relation of the dynamics and which tells 
that the action of an outside strength (force) on a 
system leads to a variation of its quantity of movement 
defined by the formula2 : . 
This result is known with the theorem of resultant 
kinetic or the theorem of the center of inertia and 
which shows that for a material system, the action of 
the outside forces leads to a variation of the amount of 
the center of inertia of the system. This result is valid 
for all the material systems and not only for the solids. 
 
The original statement of the first law of motion by 
Newton3 is that "any material perseveres in the rest or 
uniform movement in a straight line in which it’s 
situated, unless some force doesn’t act on him, and 
don’t constraint to change situation”. So, the formula 

is: . 
 
Simplifies in the case where the mass is constant. 
 
In this frame, a material with a mass m (constant) and, 
during a movement in a reference frame, this material 
 

1 José-Philippe Pérez, mécanique : fondements et applications, avec 
300 exercices et problèmes résolus, 6ème édition,  Masson, Paris, 2001. 
2 José-Philippe Pérez, opcit. 
3  Newton, Isaac, Philosophiae naturalis principia mathematica, S. 
PEPYS præses, London, 1686, p. 17. (disponible sur le site : 
http://gallica.bnf.fr/ark:/12148/bpt6k3363w.image.r=isaac+newton.f
3.langFR). 
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undergoes an acceleration () proportional to the 
resultant of the forces undergone, and inversely 
proportional to its mass (m) summarized in the 

equation:    where:  . 
And: 

 : designates the external forces exerted on the object 
(material); 
m: is the mass of the object; 

: corresponds to the acceleration of its center of 
inertia. 
 
We conclude that the mass characterizes the inertia of 
object (or of a material point). This mass of constant 
value for any object, can set defines in another unit of 
equivalent system in currency. When this object 
doesn’t change the value in a time (t), it’s in the 
inertia. 
 
But when this value expressed in local currency 
independently of the place varies, it undergoes force 
(strengths) of attraction and aversion which vary 
according to the quantities ready to order. The 
resultant of these forces constitutes the Force 
strength: . 
 
So, the movement are described by successive 
positions of price and represented by vectors position 

 and whose second derivative   which 
describes the acceleration. The acceleration is the 
result of a variation of the speed which equal: 

. 
 
Of what precedes, we take a sovereign bond 
(transmitter “issuer” by the government) in a nominal 
interest rate (i) the coupon and with a maturity for the 
date (t). 
 
Let the value of the bond with nominal value (quote 
price) represented by (m) and the amount to be paid in 
term which depends on coupon (which changes 
according to a speed and an acceleration given) which 
gives to this bond a value in the market (price of 
quotation) represented by (P). 
 
As for remind, the speed, represents a tendency of the 
amount of movement (increase or decrease) and the 
acceleration represents the change of the tendency (a 
reversal of situation of tendency). 
 
This acceleration () which undergoes the bond 
repeatedly varies in the time which can be estimated 
according the variations of coupon in the time defined 
within days. 
 

We notice that for every type of sovereign bond, 
undergoes a force which estimated by the following 
formula:   . With a systematic approach, the 
problem is to do a treatment the amount movement in a 
market of sovereign bonds and consequently, the 
forces which are attributed to every type of market 
(from small to long maturity). 
 
In this context, we shall consider only the American 
market which represented in 2001 the equivalent of 50 
% of the size of the world bond market which is near to 
the World Gross Domestic Product (GDP)1. 
 
The problem of the bond market is the risk which 
attributed to every type of obligation, the deadline of 
return of the obligation (yield) estimated in there 
duration expressed in year and days and the sensibility 
of the yield (fixed or variable rate) compared to the 
interest rate exchange in the monetary market. 
 
For the American bond market (sovereign debt) is in it 
turn in order of 50 % of the bond market and in which 
the sovereign bond is considered without risk in the 
calculation of the couple yield and risk of a portfolio2. 
 
As a reminder, the U.S. Treasury securities are issued 
by the Department of the Treasury of the United States 
government and are direct obligations of the 
government. For American investors, Treasuries are 
exempt from state and local taxes, but not federal tax3. 
 
II. FACTS ON THE NATIONAL DEBT OF USA 
 
The US debt is financed mostly by selling U.S. 
Treasury securities. As of the end of March 2016, the 
US debt slightly exceeded 13.4 trillion $. And more 
this debt, 5 trillion $ represent what the government 
owes to other government agencies, such as the Social 
Security trust fund. 
 
The annual deficit is the amount the government takes 
in taxes minus the amount it spends during the year. 
And a budget surplus occurs when tax collections 
exceed expenditures for the year. For the annual 
deficits, it should be noted that that have greatly 
increased, exacerbated by the Iraqi and Afghanistan 
wars and by the credit crisis of 2007 to 2009. 
 
The debt limit is the amount that the Treasury could 
spend without asking Congress. Before 1917, the 
Treasury had to ask Congress every time it wanted to 
 
1 https://www.lesechos.fr/30/04/2001/LesEchos/18394-125-ECH_la-t
aille-du-marche-obligataire-mondial-est-proche-de-celle-du-pib.htm 
(visited in 05/01/2018). 
2https://or-argent.eu/le-marche-obligataire-un-geant-aux-pieds-dargile/ 
(visited in 05/01/2018). 
3 https://thismatter.com/money/bonds/types/government/treasury-secur
ities.htm (visited 13/01/2018). 
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increase the debt. Since then, the Treasury only has to 
ask Congress to authorize more debt if the debt is 
expected to exceed the debt ceiling. An annual deficit 
increases the national debt while a budget surplus 
decreases it. As at December 31, 2012, US debt 
represented approximately $ 16.4 trillion, the legal 
limit. The reduction of the budget deficit implies the 
increase of the taxes and the reduction of the expenses 
of the state; these two conditions require a political 
commitment difficult to hold. 
 
From the above, the question is to see if the deficit is 
correlated with the bond issue. For this, a first analysis 
is deduced from the following table: 

 
 

Table 1: Summary of Receipts, Outlays, and the Deficit/Surplus 
of the U.S. Government, 

Fiscal Years 2017 and 2018, by Month ($ millions) 
Source : Established by the author from Bureau of the fiscal 

service,.; (2018); Monthly Treasury Statement of Receipts and 
Outlays of the United States Government For Fiscal Year 2018 

Through January 31, 2018, and Other Periods. Available in: 
(https://www.fiscal.treasury.gov/fsreports/rpt/mthTreasStmt/cur

rent.htm). 
 

That we obtain from the table 1 the estimates of 
statistic indicators in above: 

 
For the variances, they indicate the significant 
deviation from the mean, but they move in the same 
direction as the average. And the results of standard 
deviation specify that that the data are very different 
from the average. But about the correlation between 
receipts, outlays, deficit or surplus and borrowing from 
the public, the results are: 
 

 

The observation from this result is simple of such 
correlation are consistent more between receipts and 
borrowing from the public. So the correlation is less 
between receipts and (deficits or surplus) or between 
borrowing from the public and (deficits or surplus). 
 
These let confirm our hypothesis that the elected 
representatives (politic responsible) will not try to 
reduce the deficit by the tax system (reduce the tax 
system), but will opt towards the balance in the budget 
through the sovereign debt. It’s the under system with 
these contradictions. 
 
III. SECURITY TYPES 
 
There are 4 major types of marketable Treasury 
securities: Bills, Notes, Bonds, and Treasury-Inflation 
Protected Securities (TIPS) offered by the American 
Treasury to the transaction. Bills are discount 
securities, which are issued at a discount, and notes, 
bonds, and TIPS are coupon bonds, which pay interest 
every 6 months until maturity. At maturity, all 
Treasury securities redeem the face value. The yields 
are determined by competitive bidding in periodic 
auctions1. 
 
Treasuries are now sold by Treasury Direct2, a website 
operated by the Department of the Treasury, in 
multiples of $100, with a $100 minimum, using an 
electronic book-entry system. So for: 
 
 Treasury Bills or T-bills that equal to or less than 

1 year, with the following issued maturities: 4 
weeks, 13 weeks, 26 weeks, and 
cash-management bills with varying maturities. 
They are issued at a discount, with the interest 
being equal to the difference between the face 
value paid at maturity and the discount price; 

 Treasury Notes or T-notes which are issued with 
maturities that are greater than 1 year, but less 
than or equal to 10 years, but currently are issued 
with terms of 2, 5, and 10 years; 

 Treasury Bonds which are issued with maturities 
greater than 10 years. Though some are callable, 
callable bonds have not been issued since 1984. 
The Treasury stopped issuing bonds, especially 
the 30-year bond, in August 2001, but has 
resumed their sale in August 2005; 

 Treasury-Inflation Protected Securities (TIPS) 
which are payed a fixed rate of interest every 6 
months on the principal in which is adjusted for 
inflation as measured by the non-seasonally 
adjusted U.S. City Average All Items Consumer 
Price Index for All Urban Consumers (CPI-U), 

 
1 https://thismatter.com/money/bonds/types/government/treasury-secur
ities.htm (visited 10/02/2018). 
2 https://treasurydirect.gov (visited in 15/02/2017). 
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published monthly by the Bureau of Labor 
Statistics (BLS). The interest rate remains 
fixed—only the principal is adjusted. The 
principal can decline during deflation, but at 
maturity, the greater of the face value or the 
adjusted principal is paid. The Treasury created 
TIPS in 1997, structured similarly to the Real 
Return Bonds issued by the Canadian 
government, and have terms of 5, 10, and 20 
years. The interest rate on TIPS is determined at 
auction. 

 
Federal taxes must be paid on both the interest and on 
increases in the adjusted principal in the year earned. 
And the securities are eligible for stripping into their 
principal and interest components in the Treasury's 
Separate Trading of Registered Interest and Principal 
of Securities (STRIPS) program. 
 
The Treasury provides TIPS Inflation Index Ratios1 to 
calculate the change to principal resulting from 
changes in the Consumer Price Index. 
 
IV. SPEEDY, ACCELERATION AND FORCE 
OF T-BILLS 
 
a) Speed 
Whether:  P= f(t)  [P: price of coupon equivalent or 
interest, t : time with P0=0 à t0=0]. 
 
The graph of this function constitutes the diagram of 
the movement in time,  
 

. 
 
If the price of coupon equivalent or interest is in the 
position M(p) at time t and in  the position 

 at the time (t + t), increasing the 

vector of the position ( ) for component (p. ). 
The average increase from t to (t + t) is 

  is the speed vector of movement 

between t and (t + t). 
 

Thus   or again    

knowing that S(t)= a  where (a) is a constant. 
 
We can write otherwise the equation of speed: 
 
   
 

 
1 https://www.treasurydirect.gov/instit/annceresult/tipscpi/tipscpi.htm 
(visited in 5/12/2018). 

( is a constant of  integration for our T-bills = 0). 
For the calculation the Time t= day, the peed of    
 

 

 
The unit of speed describes the movement in the time 
unit (one day) on local currency and be expressed in $ 
/day. 
 
b) Acceleration 
From any position taken as origin, if we trace for any 
value of t the speed vector   which constitutes the 
hodograph of the price movement P of interest, at 
times t and (t+t), which correspond to positions P  et 

 and that relate the vectors  et  which 
represent the speeds  S et . 
 
Where the acceleration is the speed vector with respect 
to the position M et . We write that:   
 

 . 

 

In the same way    and which 

represents the second derivative with respect to time 
for the considered date t. witch t= day 
 
The unit of acceleration that describes the speed and 
the time unit squared is a function of the local currency 
and expressed in  $ /day2. 
 
Observation (date = 1 day, so t1- t0 in speed or 
acceleration equal 1 unit). 
 
c) The force 
It was announced in the introduction the formula of the 
force that’s:   2. 

So, m= Quote price of T-Bill and that equal. In our 
referential, the money can’t create value, so, m=0. 
But with the market, money along the interest that is 
the money move (money, money created with coupon 
and time). 
 
Like the principal of inertia, the unit of force is a force 
and expressed in units: $2/day2.  And 10 forces = 1 
Newton. 
 
And practically, for T-Bill the quote price m= 100 $ 
and the calculations of forces for T-Bills of 4, 13, 26 
and 52 weeks like example are in the in table 1 and 2: 

 
2 CESSAC JEAN., and GEORGES TRÉHERNE. (1972). Physique, 
FERAND NATHAN, France, p 31. 
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Table n° 1: Estimation of forces of T-Bills (4 weeks). 

Source: author and the coupon equivalent issue from in: 
https://www.treasury.gov/resource-center/data-chart-center/inte

rest-rates/Pages/TextView.aspx?data=yield) 

 
Table n° 2: Estimation of forces of T-Bills (13 weeks). 

Source: Author. 
For the calculation methodology: for the: 

 Speed in 04/january/2018 :  

  ; 

 Acceleration in 04/january/2018 : 
 

 Force in 04/january/2018 :   
 

The same calculation for T-Bills 

 
Table n° 3: Estimation of forces of T-Bills (26 weeks). 

Source: Author and the coupon equivalent issue from quotations 
in website, opcit 

 
Table n° 4: Estimation of forces of T-Bills (52 weeks). 

Source: Author and the coupon equivalent issue from quotations 
in website, opcit 
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So, when the acceleration change the sign (positive 
and become negative or vice-versa) that is alert that the 
move change the value of money. 
For the interpretation of the results obtained from the 
strengths (force) in table (1) and (2), we note first, that 
the values of the strength must be expressed in absolute 
value, which is these values must be expressed in 
positive values. When the value is positive, it indicate 
that the strength is in the direction of the movement of 
the market (that is the movement is in the sense to give 
more value to the money). In the case or the result of 
the strength is negative (but positive in absolute value), 
that the strength is in the opposite direction of the 
movement which indicates that the market moved the 
value of the money (the strength opposes the 
movement). So, the money has less value. When the 
strength is equal to zero, there is no movement for the 
money and keeps the same value. 
 
d) Acceleration and centripetal force 
A repetitive movement over a period of 360 days 
indicates a rotation with T=360 and, endorse the 
existence of a centripetal and a tangential acceleration 
of the movement. And the express of the centripetal 
strength which establishes by the third law of Kepler is 
defined by the following relation1: 

 

Which: r= radius and m=100. 
 
For abseiling, the prices are expressed in a step of 
period and in the beam of which is represented by the 
longest distance (between the East-West or the North 
and the South). In our case, at the USA, the distance 
between the east-west is 4500 km (r=4500 km). 
 
We deduce that the centripetal force for American 
market: 

 
In conclusion, we can made this calculations for doing 
estimation to the force of any market to know the 
movement of value of money, after we can make a 
comparison between the short, middle and long term 
with the same market. After, we can use these 
calculations to compare centripetal force between 
different market (Europe, American, …) which can be 
simplified in force of attraction or gravitationally i.e. 
the transformation of the third law of Kepler. 
 

 
1 https://fr.wikipedia.org/wiki/Loi_universelle_de_la_gravitation 
(visited in 17/01/2018). 

What is inexplicable is that the sum of the forces of 
January of 2018 is that they cancel each other out to 
give an equal force. 
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