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Abstract

The equation xs + yst = zt is considered for integer values of s and
t that are greater than one; x, y, and z represent nonzero integers. We
show that, when the values of s and t are given, an equation of this
form has solutions if and only if it has at least one primitive solution.
If s or t is even and (s, t) /∈ {(2, 2), (3, 2)}, then this equation has no
solution. If s or t is divisible by three and (s, t) 6= (3, 2), this equation
has no solution. Other results for this equation and related equations,
such as x3m + y6n = z2r, are presented as well.
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1 Introduction

Throughout this article, we assume that the variables x, y, and z represent
nonzero integers. Thus, when we state that a given equation involving these
variables has no solution, we are, in fact, saying that there is no solution with
integer values for x, y, and z such that xyz 6= 0. Fermat’s last theorem states
that, when n is an integer greater than two, there is no solution to the equation

xn + yn = zn.
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This theorem was famously proved by Wiles [9] with an assist from Taylor [8].
There is continued interest in the generalized Fermat equation of the form

xm0 + yn0 = zr0 (1)

with m0, n0, and r0 being integers that are greater than one. As usual,
gcd(x, y, z) represents the greatest common divisor of (the values of) x, y,
and z. Due to Fermat’s last theorem, if gcd(m0, n0, r0) > 2, then there is no
solution to Equation (1). If gcd(m0, n0, r0) = 2, but m0/2, n0/2, and r0/2 are
not pairwise relatively prime, the present author [7] showed that there is no
solution to Equation (1). Furthermore, when gcd(m0, n0, r0) = 2 and m0/2,
n0/2, and r0/2 are pairwise relatively prime, this author provided formulas
that generate infinitely many solutions to Equation (1). We are left with cases
of this equation in which gcd(m0, n0, r0) = 1.

When gcd(m0, n0, r0) = 1, let g1 = gcd(m0, n0), g2 = gcd(m0, r0), and
g3 = gcd(n0, r0). If at least two of the literals g1, g2, and g3 are equal to one,
then gcd(m0n0, r0) = 1, gcd(m0r0, n0) = 1, or gcd(n0r0,m0) = 1; it follows [6]
that there are infinitely many solutions to Equation (1) in this case. What
remains are cases of Equation (1) in which gcd(m0, n0, r0) = 1, but at least
two of the literals g1, g2, and g3 are greater than one.

The spotlight in the current article is on equations of the form

xs + yst = zt (2)

such that s and t are integers greater than one. If gcd(s, t) > 2, then there is no
solution to Equation (2) due to Fermat’s last theorem. A solution to Equation
(1) (or Equation (2)) is said to be primitive if gcd(x, y, z) = 1, and is called
non-primitive otherwise. For the case in which s = t = 2, Cohen’s textbook
[3] provides formulas that generate all primitive solutions to Equation (2). If
gcd(s, t) = 2, but s or t is greater than 2, then there is no solution to Equation
(2) due to the fact that s/2, st/2, and t/2 are not pairwise relatively prime.
We usually focus on instances of Equation (2) in which s and t are relatively
prime.

If (x, y, z) = (a, b, c) is a solution to Equation (2), then (adt, bd, cds) is a
solution to Equation (2) for each nonzero integer d. Thus, for given values of s
and t, if Equation (2) has a solution, then it has infinitely many solutions. (It
is easy to show that, for given values of m0, n0, and r0, if Equation (1) has a
solution, then it has infinitely many solutions.) We conclude this section with
three previously published results, concerning primitive solutions, which are
useful in the next section of this article. Theorems 1.1 and 1.2 were proved by
Darmon and Merel.

Theorem 1.1. ([5]) The equation

xn0 + yn0 = z2 (3)
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has no primitive solution when the integer n0 is greater than three.

It had been previously established that Equation (3) has no primitive solu-
tion for specific values of n0. Darmon and Merel made use of this information
in their proof of Theorem 1.1.

Theorem 1.2. ([5]) The equation

xn0 + yn0 = z3 (4)

has no primitive solution when the integer n0 is greater than two.

Darmon and Merel made use of the fact that the nonexistence of primitive
solutions to Equation (4), for some values of n0, had already been proved. The
proof of Theorem 1.2 was completed with the aid of a result concerning elliptic
curves over Q that was established by Breuil, Conrad, Diamond, and Taylor
[2]. The following theorem was established by Dahmen and Siksek.

Theorem 1.3. ([4]) There is no primitive solution to Equation (1) when
(m0, n0, r0) = (5, 5, 7), (7, 7, 5), or (5, 5, 19).

2 Main Results

We begin this section with lemmas that are useful when proving the main
theorems and corollaries. Remember that the values of the variables x, y, and
z are nonzero integers.

Lemma 2.1. Suppose we are given integers s and t that are greater than
one. Then Equation (2) has solutions if and only if it has at least one primitive
solution.

Proof. If s and t are not relatively prime, then Lemma 2.1 holds true because
Equation (2) has primitive solutions when s = t = 2, but no solution for other
cases in which gcd(s, t) > 1. So, assume that s and t are given, relatively prime
integers that are greater than one. If Equation (2) has a primitive solution,
then it has infinitely many solutions due to remarks made in the first section
of this article. Now suppose that (x, y, z) = (a, b, c) is a solution to Equation
(2) that is not primitive. Then there is a prime number p1 that divides a, b,
and c. Thus, there exist nonzero integers a1, b1, and c1 that are not divisible
by p1, and positive integers l1, l2, and l3 such that a = p1

l1a1, b = p1
l2b1, and

c = p1
l3c1. Substituting these values into Equation (2), we see that

p1
l1sa1

s + p1
l2stb1

st = p1
l3tc1

t. (5)



204 Richard F. Ryan

If l1s is (strictly) less than l2st and l3t, then we divide each term in Equation
(5) by p1

l1s, obtaining

a1
s + p1

l2st−l1sb1
st = p1

l3t−l1sc1
t,

which contradicts the fact that a1 is not divisible by p1. Thus, l1s cannot be
less than l2st and l3t. Similarly, l2st cannot be less than l1s and l3t; likewise
l3t cannot be less than l1s and l2st. I claim that Equation (5) yields a solution
to Equation (2) in which p1 divides, at most, one of the coordinates. There
are three cases to consider.

Case 1: If l1s = l2st ≤ l3t, then we divide each term in Equation (5) by
p1

l2st, obtaining
a1

s + b1
st = p1

t(l3−l2s)c1
t.

Thus, (a1, b1, p1
l3−l2sc1) is a solution to Equation (2) and p1 does not divide

the first two coordinates.
Case 2: If l2st = l3t < l1s we, once again, divide each term in Equation (5)

by p1
l2st. We see that

p1
s(l1−l2t)a1

s + b1
st = c1

t.

It follows that (p1
l1−l2ta1, b1, c1) is a solution to Equation (2) in which p1 divides

exactly one coordinate.
Case 3: If l1s = l3t < l2st, then t divides l1 due to the fact that s and t

are relatively prime. In this case, there exists a positive integer l4 such that
l1 = l4t. When we divide each term in Equation (5) by p1

l4st, we obtain

a1
s + p1

st(l2−l4)b1
st = c1

t.

Thus, (a1, p1
l2−l4b1, c1) is a solution to Equation (2) in which p1 divides only

the second coordinate.
As claimed, we have obtained a solution to Equation (2) in which p1 di-

vides, at most, one coordinate. If the solution we generated is primitive, the
proof is complete. If the solution is non-primitive, there is a prime number
p2, which is not equal to p1, such that p2 divide all three coordinates in the
solution we obtained. Furthermore, there exist nonzero integers a2, b2, and
c2 that are not divisible by p2, and positive integers i1, i2, and i3 such that
the first coordinate of the freshly-generated solution is equal to p2

i1a2, the sec-
ond coordinate equals p2

i2b2, and the third coordinate is p2
i3c2. Substituting

(x, y, z) = (p2
i1a2, p2

i2b2, p2
i3c2) into Equation (2), we obtain

p2
i1sa2

s + p2
i2stb2

st = p2
i3tc2

t.

Regarding the exponents i1s, i2st, and i3t, it is easy to see that one of them
cannot be less than the other two. Thus, there are three cases to consider:
i1s = i2st ≤ i3t, i2st = i3t < i1s, or i1s = i3t < i2st. For each case, utilizing
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steps similar to those we used when considering the prime number p1, we are
able to generate a solution to Equation (2) in which p2 divides, at most, one
coordinate. Because there are a finite number of prime factors common to a,
b, and c, this process will eventually terminate, yielding a primitive solution
to Equation (2). Therefore, Equation (2) has solutions if and only if it has at
least one primitive solution.

In this paragraph, we consider an equation that is rather similar to Equa-
tion (2), which is

xs + yt = zst (6)

such that s and t are integers greater than one. For the case in which s = t = 2,
the previously cited text by Cohen gives formulas that generate all primitive
solutions to Equation (6). If gcd(s, t) > 1, but s or t is greater than 2, then
there is no solution to Equation (6) due to results given in the Introduction
section of this article. What remains are cases of Equation (6) in which s and
t are relatively prime. Obviously, s or t is odd in these cases. If s is odd, then
Equation (6) can be expressed as

(−x)s + zst = yt,

which is in the form of Equation (2) (with a change of variables, of course). If
t is odd, then Equation (6) can be expressed as

(−y)t + zst = xs,

which is in the form of Equation (2) as well. We can easily apply Lemma 2.1
at this point. Therefore, when s and t are given integers greater than one,
Equation (6) has solutions if and only if it has at least one primitive solution.

The following lemma will also be of use.

Lemma 2.2. Suppose that s and t are given integers greater than one.

(A) If there is no primitive solution to Equation (2) then, for all positive
integers m, n, and r, there is no solution to

xms + ynst = zrt. (7)

(B) If there is no primitive solution to

xs + ys = zt (8)

then, for all positive integers m, n, and r, there is no solution to Equation
(7).
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Proof. (A) Assume that Equation (2) has no primitive solution for the given
values of s and t. Suppose there exist positive integers m, n, and r such
that Equation (7) has solutions. Let (x, y, z) = (a, b, c) be a solution to
Equation (7) for this scenario. Then (am, bn, cr) is a solution to Equation
(2). It follows from Lemma 2.1 that Equation (2) has a primitive solution,
and we have a contradiction. Thus, if Equation (2) has no primitive
solution then, for all positive integer values of m, n, and r, Equation (7)
has no solution.

(B) Assume that Equation (8) has no primitive solution for the given values
of s and t. Suppose there exist positive integers m, n, and r such that
Equation (7) has solutions; let (x, y, z) = (a, b, c) be such a solution
to Equation (7). Then (am, bn, cr) is a solution to Equation (2). It
follows from Lemma 2.1 that Equation (2) has a primitive solution. Let
(a0, b0, c0) be a primitive solution to Equation (2). Then (a0, b0

t, c0)
is a primitive solution to Equation (8) and we have a contradiction.
Therefore, if Equation (8) has no primitive solution then, for all positive
integer values of m, n, and r, Equation (7) has no solution.

The reader may expect that we would consider Equation (2) for cases in
which two divides s or t next. However, the fact that

x3 + y6 = z2 (9)

has solutions slightly complicates the situation in which s or t is even. Citing
Cohen’s text again, the only primitive solutions to Equation (9) are (2,±1,±3).
In order to display our methods more clearly, we present a lemma for another
situation at this time.

Lemma 2.3. If s and t are odd integers greater than one such that three
divides s or t, then there is no solution to Equation (2).

Proof. Suppose that s and t are odd integers greater than one. Because s and
t are odd, if s and t are not relatively prime, then gcd(s, t) > 2 and there is no
solution to Equation (2) due to Fermat’s last theorem. Thus, we may assume
that s and t are relatively prime. There are two cases to consider.

Case 1: If three divides t, then s ≥ 5. Let t1 be the (positive) integer for
which t = 3t1. In this case, Equation (2) becomes

xs + y3st1 = z3t1 . (10)

But there is no primitive solution to xs + ys = z3 when s ≥ 5 due to Theorem
1.2. It follows from Lemma 2.2(B) that there is no solution to Equation (10)
(that is, there is no solution to Equation (2) in this case).
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Case 2: If three divides s, then t ≥ 5. Let s1 be the integer such that
s = 3s1. In this case, we can set w = −y and rewrite Equation (2) as

zt + w3s1t = x3s1 . (11)

But, when t ≥ 5, there is no primitive solution to zt + wt = x3 as a result
of Theorem 1.2. Invoking Lemma 2.2(B) once again, there is no solution to
Equation (11).

Therefore, for the stated conditions on s and t in this lemma, there is no
solution to Equation (2).

At this point, we consider cases of Equation (2) in which s or t is divisible
by two. As we have previously observed, solutions to Equation (2) exist when
(s, t) ∈ {(2, 2), (3, 2)}.

Theorem 2.4. Suppose that s and t are integers greater than one. If s or
t is even and (s, t) /∈ {(2, 2), (3, 2)}, then there is no solution to Equation (2).

Proof. Assume that s and t are integers greater than one, s or t is even, and
(s, t) /∈ {(2, 2), (3, 2)}. Because (s, t) 6= (2, 2), there is no solution to Equation
(2) when gcd(s, t) > 1 due to results presented in the Introduction section.
Thus, we may assume that s and t are relatively prime and have opposite
parity. There are two cases to consider.

Case 1: If s is even, then there is an integer s1 such that s = 2s1. In this
case, Equation (2) can be written as

x2s1 + y2s1t = zt. (12)

For the sub-case in which t = 3, Equation (12) becomes

x2s1 + y6s1 = z3.

But, citing Cohen’s text once again, there is no primitive solution to x2 +y6 =
z3. As a result of Lemma 2.2(A), there is no solution to Equation (12) when
t = 3. For the sub-case in which t is an odd integer greater than three,
suppose that (x, y, z) = (a0, b0, c0) is a primitive solution to Equation (12).
Then (x, y, z) = (a0

s1 ,−b02s1 , c0) is a primitive solution to zt + yt = x2, and
we have a contradiction to Theorem 1.1. It follows that there is no primitive
solution to Equation (12) in this sub-case. Therefore, due to Lemma 2.1, there
is no solution to Equation (12) when the odd value of t is greater than three.

Case 2: If t is even, then there is an integer t1 for which t = 2t1. In this
case, Equation (2) can be written as

xs + y2st1 = z2t1 . (13)
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We know that there is no primitive solution to xs + ys = z2 when s > 3. It
follows from Lemma 2.2(B) that there is no solution to Equation (13) when
s > 3. What remains is the sub-case in which s = 3. In this sub-case, Equation
(13) can be written as

x3 + y6t1 = z2t1 . (14)

Because Equation (14) is an instance of Equation (2), Lemma 2.1 tells us that,
for any permissible value of t1, Equation (14) has solutions if and only if it has
a primitive solution. Suppose that (x, y, z) = (a1, b1, c1) is a primitive solution
to Equation (14). Then (a1, b1

t1 , c1
t1) is a primitive solution to Equation (9).

As we have previously mentioned, the only primitive solutions to Equation (9)
are (2,±1,±3). Thus, c1

t1 = ±3; it follows that t1 = 1, and so t = 2. But we
are assuming that (s, t) 6= (3, 2), so we have a contradiction.

Therefore, if s or t is even, with the exception of the instances in which
(s, t) = (2, 2) or (3, 2), there is no solution to Equation (2).

As the text by Cohen, which we have frequently referenced points out, the
only primitive solutions to x3 + y2 = z6 are (x, y, z) = (−2,±3,±1). For
integer values of s and t that are greater than one, it is not difficult to prove
that, if s or t is even and (s, t) /∈ {(2, 2), (2, 3), (3, 2)}, then there is no solution
to Equation (6). As a result of Theorem 2.4, we can improve on Lemma 2.3
in the following way.

Theorem 2.5. Suppose that s and t are integers greater than one. If s or
t is divisible by three and (s, t) 6= (3, 2), then there is no solution to Equation
(2).

Proof. Assume that s and t are integers greater than one, three divides s or
t, and (s, t) 6= (3, 2). If s and t are odd, there is no solution to Equation (2)
due to Lemma 2.3. If s or t is even, no solution to Equation (2) exists due to
Theorem 2.4.

The following corollary is an obvious consequence of Lemma 2.2(A), The-
orem 2.4, and Theorem 2.5.

Corollary 2.6. Suppose that s and t are integers greater than one. Then,
for all positive integer values of m, n, and r, there is no solution to Equation
(7) if:

(A) s or t is even and (s, t) /∈ {(2, 2), (3, 2)}; or

(B) s or t is divisible by three and (s, t) 6= (3, 2).

Throughout this paragraph, we continue to assume that m, n, and r
represent positive integers. Due to results from the Introduction section, if
(s, t) = (2, 2), but m, 2n, and r are not pairwise relatively prime, then there
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is no solution to Equation (7). If s = t = 2, the values of m, n, and r are
given, and m, 2n, and r are pairwise relatively prime, then formulas that were
previously alluded to [7] generate infinitely many solutions to Equation (7).

In the next three theorems we examine the special case of Equation (7) in
which (s, t) = (3, 2).

Theorem 2.7. Consider the equation

x3m + y6n = z2r (15)

such that m, n, and r are positive integers. Equation (15) has no solution if:

(A) m is even;

(B) 3 divides r; or

(C) m, n, and r are not pairwise relatively prime.

Proof. Suppose that (x, y, z) = (a, b, c) is a solution to Equation (15).

(A) If m is even, then m = 2m1 for some integer m1. Substituting into
Equation (15), we see that a6m1 + b6n = c2r. Thus, (am1 , bn, cr) is a
solution to x6 + y6 = z2. But, due to a result stated in the first section,
there is no solution to x6 + y6 = z2 because 6/2, 6/2, and 2/2 are not
pairwise relatively prime and gcd(6, 6, 2) = 2. So, Equation (15) has no
solution when two divides m.

(B) If r is a multiple of three, then r = 3r1 for some integer r1. Substituting
into Equation (15) once again, we see that a3m+b6n = c6r1 . It follows that
(am, b2n, c2r1) is a solution to x3+y3 = z3, which contradicts Fermat’s last
theorem. Therefore, Equation (15) has no solution when three divides r.

(C) When m, n, and r are not pairwise relatively prime, there are three cases
to consider.

Case 1: If gcd(m,n) > 1, then there is a prime number q1 that divides
m and n. Let m2 and n2 be the integers that satisfy m = m2q1 and
n = n2q1. In this case, Equation (15) can be rewritten as

x3m2q1 + y6n2q1 = z2r. (16)

But there is no solution to

x3q1 + y6q1 = z2

due to Theorem 2.4. Thus, there is no solution to Equation (16) as a
result of Lemma 2.2(A).
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Case 2: If gcd(m, r) > 1, then there is a prime number q2 with the
property that m = m3q2 and r = q2r3 for some integers m3 and r3. Due
to part A of this theorem, q2 6= 2. Substituting into Equation (15), we
see that

a3m3q2 + b6n = c2q2r3 .

Thus, (x, y, z) = (−am3 , b2n, c2r3) is a solution to

zq2 + x3q2 = y3. (17)

But, due to Lemma 2.3, there is no solution to Equation (17) and we
have a contradiction. Thus, there is no solution to Equation (15) in case
2.

Case 3: If gcd(n, r) > 1, then there is a prime number q3 with the
property that n = n4q3 and r = q3r4 for some integers n4 and r4. Thus,
Equation (15) can be expressed as

x3m + y6n4q3 = z2q3r4 . (18)

As a result of Theorem 2.4, there is no solution to

x3 + y6q3 = z2q3 .

It follows from Lemma 2.2(A) that Equation (18) has no solution.

Due to our work for cases 1, 2, and 3, we conclude that Equation (15)
has no solution when m, n, and r are not pairwise relatively prime.

Theorem 2.8. Let m, n, and r be given positive, pairwise relatively prime
integers such that m is odd and r is not divisible by three. Let u1, u2, v1, and
v2 be nonnegative integers that satisfy

mu1 − 2nru2 = 1 and rv1 − 3mnv2 = 1. (19)

Then, for all nonzero integer values of d,

(x, y, z) = (2u132nv2d2nr, ±2ru23mv2dmr, ±23nu23v1d3mn) (20)

is a solution to Equation (15).

Proof. Let d represent any nonzero integer, and suppose we are given positive,
pairwise relatively prime integers m, n, and r for which m is odd and r is
not a multiple of three. Let u1, u2, v1, and v2 be nonnegative integers that
satisfy the equations in (19). (Because m is relatively prime to 2nr, there are
infinitely many ordered pairs (of nonnegative integers) (u1, u2) that satisfy the
first equation in (19). Similarly, r is relatively prime to 3mn, so there are
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infinitely many ordered pairs (v1, v2) that satisfy the second equation in (19).)
Applying the equations in (19) to the exponents in 23 + 1 = 32, we obtain

23(mu1−2nru2) + 1 = 32(rv1−3mnv2). (21)

Multiplying each term in Equation (21) by 26nru236mnv2d6mnr, we see that

23mu136mnv2d6mnr + 26nru236mnv2d6mnr = 26nru232rv1d6mnr,

which is equivalent to

(2u132nv2d2nr)3m + (±2ru23mv2dmr)6n = (±23nu23v1d3mn)2r.

Thus, for every nonzero integer d, Formula (20) satisfies Equation (15).

Theorem 2.9. Suppose we are given positive integer values for m, n, and
r. If Equation (15) has solutions, then each solution can be expressed using
Formula (20) for some nonzero integer d and some nonnegative integers u1,
u2, v1, and v2 that satisfy the equations in (19).

The proof of Theorem 2.9 is a little tedious; it may be obtained from the
author. The next corollary easily follows from Theorem 1.3 and Lemma 2.2.

Corollary 2.10. Let s and t be integers greater than one. There is no
solution to Equation (2) if:

(A) 5 divides s and 7 divides t;

(B) 7 divides s and 5 divides t;

(C) 5 divides s and 19 divides t; or

(D) 19 divides s and 5 divides t.

Proof. (A) There is no primitive solution to x5 + y5 = z7 due to Theorem
1.3. If five divides s and seven divides t, then there are integers m5 and
r5 such that s = 5m5 and t = 7r5. In this case, Equation (2) may be
rewritten as

x5m5 + y35m5r5 = z7r5 .

It follows from Lemma 2.2(B) that there is no solution to Equation (2)
when five divides s and seven divides t.

(B) If you start with the fact that there is no primitive solution to x7 + y7 =
z5, the proof of part B of this corollary is similar to the proof of part A.

(C) Stemming from the result that there is no primitive solution to x5 +y5 =
z19, the proof of part C is similar to the proof of part A.
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(D) If (x, y, z) = (a0, b0, c0) is a primitive solution to

x19 + y95 = z5, (22)

then (x, y, z) = (a0,−b019, c0) would be a primitive solution to z5 + y5 =
x19, which contradicts Theorem 1.3. Therefore, there is no primitive
solution to Equation (22). It follows from Lemma 2.2(A) that there is
no solution to Equation (2) when s and t are divisible by nineteen and
five, respectively.

Applying Lemma 2.2(A) to Corollary 2.10, it follows that, for all positive
integers m, n, and r, there is no solution to Equation (7) if five divides s
and seven divides t, if seven divides s and five divides t, if five divides s and
nineteen divides t, or if nineteen divides s and five divides t.

3 Additional Comments

For some values of m0, n0, and r0, there are solutions to Equation (1) but
no primitive solution to this equation. To give a simple example, there is no
primitive solution to

x5 + y5 = z2 (23)

due to Theorem 1.1, but (x, y, z) = (2, 2, 8) is an obvious solution to Equation
(23). When studying instances of Equation (1), the focus of most authors
has been on finding primitive solutions, or proving that no primitive solution
exists [1], [4], [5]. In two previous papers [6], [7] and the current article, the
present author has addressed the topic of solution existence, for cases of Equa-
tion (1), without restricting the discussion to primitive solutions. Obviously,
outstanding work by several authors, concerning primitive solutions, has made
the present article possible. We present the following corollary for readers who
are focused on primitive solutions.

Corollary 3.1. Let m, n, and r be positive integers. If (m, r) 6= (1, 1), then
Equation (15) has no primitive solution. If m = r = 1 then, for each positive
integer n, (x, y, z) = (2,±1,±3) are the only primitive solutions to Equation
(15).

Proof. Let (x, y, z) = (a0, b0, c0) be a primitive solution to Equation (15). Then
(a0

m, b0
n, c0

r) is a primitive solution to Equation (9). As we have previously
noted, the only primitive solutions to Equation (9) are (2,±1,±3); thus, a0

m =
2, b0

n = ±1, and c0
r = ±3. It follows that primitive solutions to Equation

(15) do not exist when (m, r) 6= (1, 1). Also, when m = r = 1, the only
primitive solutions to Equation (15) are (2,±1,±3), which is true for each
positive integer n.



Special forms of the generalized Fermat equation 213

Due to Lemma 2.1, the study of primitive solutions to Equation (2) is
aligned with the study of solutions, in general, to this equation. This detail
should be helpful when studying Equation (2) in the future.
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