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ABSTRAK

Formula jarak Goen adalah formula yang efektif untuk menghitung jarak dari percepatan yang
mempunyai pola sebagai fungsi simetri terhadap perubahan waktu. Pada formula jarak Goen dimana
fungsi percepatan terhadap waktu berpola simetris dapat diselesaikan cukup dengan sekali integral
total kemudian dikalikan dengan setengah dari waktu total. Fungsi percepatan simetris dapat dibangun
dari gabungan antara fungsi tertentu dengan cerminannya. Dalam penelitian ini metode pembuktian
formula jarak Goen dilakukan secara matematis menggunakan integral rerata bertingkat satu dan dua
dari fungsi simetris. Keunggulan dari formula jarak Goen dibandingkan dengan formula jarak
konvensional adalah dalam mencari jarak tempuh benda yang bergerak dengan fungsi percepatan
simetri akan lebih efektif karena cukup sekali melakukan integral dibandingkan harus dua kali integral
seperti yang dilakukan cara konvensional.

Kata kunci :
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ABSTRACT

Goen's distance formula effectively calculates the distance from acceleration, which has a pattern as
a symmetric function of time changes. In Goen's distance formula, where the acceleration function
against time has a symmetric pattern, it can be solved simply by performing a total integral and
multiplying it by half of the total time. Symmetric acceleration functions can be constructed by
combining certain functions with their reflections. In this study, the method of proving Goen's
distance formula is carried out mathematically using single and double-level average integrals of
symmetric functions. The advantage of Goen's distance formula compared to the conventional
distance formula is that in finding the distance traveled by an object moving with a symmetric
acceleration function, it will be more effective because it is sufficient to perform an integral once
compared to having to do two integrals as done in the conventional method.

Keywords :
Goen Distance Formula; Mean Integral; Symmetric Acceleration Function.

1. INTRODUCTION an easier formula than the conventional
In the field of kinematic physics with  formula if the acceleration is a symmetric
recent research references on kinematics and  function. This Goen distance formula is a
distance calculations, it can be seen that the distance formula where the symmetric
double integral of the acceleration function  acceleration function can be solved with just
is the distance traveled [5-14]. However, if  one integral and then multiplied by half the
the acceleration function of the object's total time.
motion has a symmetrical pattern with The method of proving this Goen
respect to changes in time [6, 7], then distance formula is done mathematically
solving the distance traveled by the object's using a single-level average integral which
motion can be more effective by using the has the same value as the second average
Goen distance formula [4]. Therefore, integral when working on a symmetric
implications of the Goen distance formula is  function [3]. The advantage of the Goen
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distance formula compared to conventional
methods in finding the distance which is a
double integral of acceleration is that in
finding this distance traveled, the symmetric
acceleration function is only integrated once
so that it will be more effective and easier in
calculating a distance from the motion of an
object. Moreover, if the acceleration pattern
is a non-linear function and its reflection will
be much easier if solved using this Goen
distance formula.

2. METHODS

Proof of Goen's distance formula, can
first be done through a discrete equation of
the high-order average, in the condition that
the first-order average value is the same as
the second-order average, which is then done
continuously [3]. Previously, it should be
noted that the average value of a data is the
total sum of the data values divided by the
total number of data. So the definition of a
high-order average of a data is the total sum
of the data divided by the total number of
data levels [1, 2]. In this study, the method
used in proving the Goen's distance formula
is to create a continuous equation that the
first and second-order average values will be
the same if done on a symmetric function.
Discrete formula for calculating the first-
order average
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Discrete formula for calculating the second
order average:
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and the continuity equation can be rewritten
as:

0 _ SL I AE) - de - dt
TZ
z (6)
Furthermore, from Goen's double integral [3,
4] it can be seen that the first and second
order continuous averages on the symmetric
acceleration function f£,(t) are the same,

-2} (1]
namely f = f then:

JL L0 dtde [T f(6)-dt
r? B T
2

()

So that the results are obtained:
T t
-
f f;g(r) ~dt - dt =Z-f f(t) - dt
1]

z
=00
. o (8)
So if the conventional distance formula L is:

L(T)= fffs[t] et - dt

t=00
9)
then the Goen distance formula L is:
T T
L@ =2 | £
1}
(10)

If the symmetric acceleration function is
constructed from an arbitrary function F*{t)

over a time period from 0 to T, and its mirror
function f~(t) = FT(T—¢t) over a time
period from T to 2.T then the Goen distance
formula eq.(10) can be rewritten as:

L,2r)=T- F'T(F“(r)l% Frz-T -3 -dt

(11)
which can be distributed into the Goen
distance formula again, namely:

L,2T)=T- (J-Tf”'(r) - dt +J-:Irf+(2- T—t)- dr)

(12)
Meanwhile, if the calculation uses the
conventional distance formula, eq.(9) can be
rewritten as:

2T

L(2) = f f (FHOG+ FH2 T — H1Z7) - de-dt

(13)
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which can be redistributed into the equation:

2r ¢ 27t

Len=| [(FfOf-d-de+ | |(FH2-T—6)F ) dt-dt
| [rom e firer-o

(14)
Where the first term in eq.(14) is also
decomposed again, so that the conventional
distance formula becomes:

T 27 T

L, (27 =J-J.f+(rj-dr-dr+J- ffﬂ:r) dt - dt +

27 ¢

f ff+(2-T—rj-dr-dr

(15)
After the conventional distance formula
eq.(15) and the Goen distance formula
eq.(12) are obtained, the following will
discuss the results of the application of the
Goen distance formula which is more
effective compared to the conventional
distance formula.

3. RESULTS

The application of Goen's distance
formula, eq.(10), to an acceleration function
together with its reflection in determining
the total distance, the calculation process
will be more effective and efficient than the
conventional method.

The first case of constant acceleration
f.(t) = k, figure 1, where the calculation of

the total distance I = L, will be solved

using the Goen and conventional distance
formulas.

fs(t)

A

»
»

0 T t

Figure 1. graph of constant acceleration
)=k
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The results of the calculation of the
total distance from time 0 to T using the
Goen formula are:

T T 2

=§J; Rl de =§J; k. dt =§-[k.r]§ =k-%

(16)

The result of calculating the total distance
using the conventional formula:

f ff[tj dtz—f J.kdrz
Tt

k
=f ktdt=—-[t1T =%k
5 2

2
17)
So it is proven that the final result of the two
integral methods above is the same.
The second case of linear acceleration
Fr(ty=t with its mirror function

Fti=fHT—t)=T—t, and the
distance symbol as L =L, The symmetry

function of linear acceleration with its mirror
is £,(t) = t|T + (2.7 —£)|%7, figure 2.

fs(t) A
1.

v

Figure 2. graph of linear acceleration with its
mirror function £,(t) = t|5 + (2.7 — £)|37

The result of calculating the total
distance from time 0 to 2.T using Goen's
formulais:

L,= J:.T J:;;[r).drz

2.7 2T
=2 ek Gr -9
o

(18)

o ([[eaes [Toroa)r (1)

(19)
=§'[[T2—Dzj—[02—T2}]=§-2.T2=T3

(20)
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The result of calculating the total distance
from time O to 2.T using the conventional
formula L, is:

= J:T J:;g(tj. dt?

L, = szf t)n.de? + J;ETJ;riz T —t)dt
fMre J; ( (2.7-t)?

e 2
T aT
[, [, +
] T 2
Ta

)
2 (23)

So it is proven that the final result of the two
integral methods above is the same.

The third case of linear acceleration
FHth=p.t, with its mirror function
F (= fHT—1t) =p(T—1t), the value
of p is constant and the distance symbol is
L =L, The symmetry function of linear
acceleration with its mirror is
A =p ]l +p(2.T — |5, figure 3.

2T t
f f (t]f + (2.7 —£)|37). de?

) )
(21)

dit
%)

(22)
(27 -t)® 7% ]”
+—
& T

—.dt+
2
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&

fs(t) 1
pT

O = tan™(p)! R

2T t

0 T

Figure 3. graph of linear acceleration with its
mirror function

£.(8) =p.tlf +p. (2T —8)|F.

The result of calculating the total
distance from time 0 to 2.T using the Goen
distance formula is:

2T ot g.p piT
ngf ffs(r).drz =T-J (p.tlo + p. (2.7 =) 177).dt
o Jo ¢

(24)
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(2?’ £

)

Lg=p.T-(J-Trdr+J-N(Z.T—t)dr) ([f]
(25)
_ﬂ_ 2 Ay R mi _ﬂ_ 2 _ 3
L= ((r*-0h-(0 T))—z 2.7 =pT
(26)

Meanwhile, the results of the total distance
calculation from time 0 to 2.T using the

conventional formula L, look longer,
namely:
2T t 2T t
[ [rwa = [ @i+ par-opn.e
o i) i) 1]
(27)
2r ot 2T At
Lsz fp.t|§.dz2+L J;p.(z.r—t).dtz
1] 1]
(28)
T 12 Mo 1l a ( (2T -1)? Tz)
Lk—f dt+J; : .dt+J; 2. - - |at
(29)
. =17 7z 12T 2r—tl® T2 2T
Lk—p.liz:lu+p. [?-r]?_ +]U‘. |:—6 ‘lT'r:IT
_pT? pTe (3 T3 TE‘)_ ]
=T Tz e\ =Rt
(30)

So it is proven that the final result of the two
integral methods above is the same.

The fourth case of linear acceleration
Fr(t) =p.t + g, with its mirror function
F(ty=fFYT—1t) =p (T —1), the values
of p and q are constant and the distance
symbol is Z = L. The symmetry function of

linear acceleration with its mirror is
A =pt+gll+p (2T —t)+ g5,
figure 4.
A
fs(t)
pT+q ™~ T,

)

F- - - - - -

Figure 4. graph of linear acceleration with its
mirror function

f)=pt4qll +p.(2.T —1t) +qlF".
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The result of calculating the total
distance from time 0 to 2.T using the Goen
distance formula is:

2T pt T
= 2 = -
J; J;fs(rj.dt T J;f?l:t).dt
(31)
L,=T- f (pt+glf +p.(2.7—1t) +g|77).dt
1]
(32)
T 2T
L9=T-(f (p.t+ qjdt+[ (p.(2.T —t) + g) dr)
(33)
2.7
cod)
(34)
L, =T-{(§-T2+q-T)+(§-T2 +q-7)]
(35)

(2? £®

L,=T- ([}ui+qt] +[ .

L,=T.(pT°+2.7)=T"(p.T+ 2.9)

(36)
Meanwhile, the results of the total distance
calculation from time 0 to 2.T using the
conventional formula L, is:

T oot o
Lszu Lﬁ(r).dﬁ:fn L(p.r+q|§+p,(2‘;n_t)+q|§;)ldt2
(37)

2T pt 2T ft
Lsz fp.t+q|g.dtz+_l; J;(p. (2.7 — £+ q).de?
1} 1}

T 2T (38)
Ly =fu (p'th+ q-t).dt+J; (p;z +g -T).dt+
J;Hp.( @ TZ_ ELT - )+q (t— 7). dt
(39)
T
N e e
;
(40)
L,= (p'::a + q';Z) + (p'ja + q.Tz) +p. (—%3+ T;) + q.i;
(41)

L,=pT*4+2.q9qT*=T%(p.T+2.q)
(42)
So it is proven that the final result of the two
integral methods above is the same.
The fifth case of nonlinear
acceleration f*(t) = p.t7 with its mirror

function F(th=fHTr—1t) =p(T-1),
the values of r and p are constant (r # -1),
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and the distance symbol is L =L, The
symmetry function of nonlinear acceleration

is £t =pt"|F +p.(2.T — )73, figure
S.
fs(t) A
pT" " ,
|
|
1
|
|
1
I
|
I
1
: -
0 T 2T 't

Figure 5. graph of nonlinear acceleration with
its mirror function
£ =p.t"I} +p.(2.T - O
The result of calculating the total
distance from time 0 to 2.T using the Goen
distance formula is:

2T pt 2T
Ly :fo fufs(r).drz = T'L (.t lf+p (2T -7 |57 ) de
(43)
T 2T
L,=T- (J. (p ")t + (p.(2.T—£"] dt)
o T

(44)
_ e R L i
L.Q - P T. ([7’+1L|. - T]T )
(45)
Y (i ) PR sk P
(46)

Compare the results of the total distance
calculation from time 0 to 2.T using the
conventional formula £, is:

L= ET .Ltfsﬁr). dr? = .LZT Lt(ﬂ t73 +p. (2.7 —6)7|F7).de?
(47)

27t 27 ot
Ly =f fp.t*|g.dr2+L J;(;:.(Z.T—r)‘").dtz
1 1]

o L ) (48)
Lk=f0 (P-:H)-d”,[, (p':ﬂ)'dﬁfr p'(

—(Z‘T—t)rﬂ T'r+1
Jdt
rt+1 r+1)
t41 ar
T—-r] +
T

(49)

i

(50)

T+t
r+1

(27 -£)r*?

[pl((r+2).(r+ 1)+
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oy (1 r
b= (p'(r+z).(r+1))+ (”'H’T)+p'((r+2).(r+ 1) i r+1
(51)
+1 T'I"+1 2. - T'?’+1
L.=n- T 4+ p - LT —
e TP r+1 P r+1 r+1
(52)

So it is proven that the final result of the two
integral methods above is the same.

The sixth case of nonlinear
acceleration f*(t) = . ef, with its mirror
function fF=(t) = FHT—t) =p. ™7, the
value of p is constant and the distance
symbol is L = L. The symmetry function of
nonlinear acceleration is
L0 =p et |l + p.e®T7|2T figure 6.

pe’

Figure 6. graph of nonlinear acceleration with
its mirror function

A0 = pretlf + pe? T,

The result of calculating the total
distance from time 0 to 2.T using the Goen
distance formula is:

L,= J:T era(t)-dtz =T _’;N(p-etlg +pe®TFE ) dL
(53)
L= [ac =1 T SR
(54)

Ly=p T[] = [ 15Ty =p.T.((e7 — ") — (" —e"))
(55)

L,=2.pTi(e" —e")=2pT(e" —1]
(56)
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Meanwhile, the results of the total distance
calculation from time 0 to 2.T using the
conventional formula L, is:

2T t 2T t
_ 2 _ o7 2T—t)2.T 2
v=[ [rwe =] [@etenemgna
(57)

T Tt
Ly =f fp.e°|g.dt2+J; J;I[p.ez'?‘tjl.dtz
b Jo

T hig i (58)
b= fu (p(e' - 1)).at+ L (n(e' - 1))-df+J; po(-et 04 o)t

(59)

Le=lp (e =+ [ (T =) 47+ (57" + 7 F

(60)

(e -1 -peV)+ (p (-0 Dtplet-etpelT

(61)

L,=2-p-e - T—2-p-T=2pT.(e" —1)

(62)

So it is proven that the final result of the two
integral methods above is the same.

The seventh case of nonlinear

acceleration fF1(t) = p. e™, with its mirror

function F ()= fHT—t) =p "1,
the values of p and r are constant and the
distance symbol is L = L. The symmetry

function of nonlinear acceleration is
A =p.e™|T +p.e™2T8 12T figure 7.

Ly

fs(t)“
perT

i el T T S ——

0

Figure 7. graph of nonlinear acceleration with
its mirror function

f;[f) = p_e:h.rlg _I_ple;u,n:f.l"—rjljr,lr.

—
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The result of calculating the total
distance from time 0 to 2.T using the Goen
distance formula is:

27T pt 2T
L, =f f f(6).de? = T-f (p. o™ + p. ™ BTV 2T) gt
] ] 1

(63)
L,=T- (J:[p. ")t + J: T[;u. g2 T dr)
(64)
1= (B - = ) (e - ) - -e)
(65)
L, =2 (9 T(e™ —e" =2, (9 T(e™ — 1)
(66)

Compared with the general method, the
result of calculating the total distance from
time 0 to 2.T using the conventional formula
L,Is:

T ot T ot
Li‘( — J- f f;(t). dtg — J- f (]’5 e‘r.tlg +. er.(2.‘i"—tj|§_.?’)l th
1} 1] 1} 1}

(67)
ot Tt

L, = JI; Jl;p' er.:lgldtz + J; J; Epler.(z.i'—c)}dtz

(68)
T T T
L =j (pfr.(e" - 1]).dt+£ (p/r.(ew - 1]).dt+£ pjr- (- ET0) 4 o) gt
1
(69)
I VRS SN R P T R IR e o
Lk—[pfrz-e -7 t)]“[(; g T—;) tL +[p/r2 ot +; e tL
(70)
Lﬁ(pﬂrg-e”—E-T—p/rz)Jr(g-efr—g)-T+p/r2‘(e°—er)+8-e"r-]"
r y r r

(71)

. Brrp 3 Br_ 5 (P T _
Ly=2—-e"T T-2:~ T—Z.(r}.T.(e 1)
(72)

So it is proven that the final result of the two
integral methods above is the same. Of
course, to overcome the limitations of the
Goen distance formula, especially when
dealing with non-symmetric acceleration
functions, the solution is to continue to carry
out the integration process twice on the non-
symmetric acceleration function concerning
time.
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CONCLUSION

The Goen Distance Formula is a
formula for calculating the distance where
the acceleration function and its reflection
are known. The distance formula states that
calculating the distance where the
acceleration function and its reflection will
have a symmetrical pattern that can be
solved simply by integrating once and then
multiplying it by half the total time. The
novelty of Goen's distance formula is that in
finding the distance traveled, the
acceleration function and its reflection in the
form of a symmetrical acceleration function
can be effective with one integral so that it is
easier than the conventional method which
must be integrated twice in calculating the
distance of the object's motion. Therefore, a
suggested area for future work on Goen's
distance formula is that this distance formula
can be integrated into software simulation
with a shorter computational process in the
case of an acceleration function that is
symmetric concerning time.
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