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Abstract

This study tries to discuss the economic effects of various inputs if the wage rate of a firm is increased.
Cobb-Douglas production function, 6x6 bordered Hessian matrix, and 6x6 Jacobian are used here during the
mathematical calculations to investigate economic predictions. Adjustment of various inputs and outputs in
future production are essential for the profit maximization. Therefore, appropriate decisions can make the firm
stronger to face the various challenges of the twenty first century. In the study profit maximization is considered
with subject to the nonlinear budget constraint.
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1. Introduction

In economics mathematical modeling is a popular method to operate optimization problems (Samuelson, 1947).
At present use of it is common to the mathematical economists (Carter, 2001). It plays a leading role in modern
economics for the development of local and global financial structures (Ferdous & Mohajan, 2022). It influences
the economists to develop the economic area and to increase the welfare of the society (Eaton & Lipsey, 1975).

In crude sense, profit is defined as the difference between total revenue and economic costs (Tripathi, 2019).
Profit maximization practice is essential for the sustainability of an industrial firm. In multivariable calculus, the
method of Lagrange multiplier is a very useful and powerful technique (Islam et al., 2010). A firm needs to be
sincere during the production, financing, marketing, transportation, and overall management system for the
sustainability in the competitive global economy (Mohajan & Mohajan, 2023g).

At the start we have used Cobb-Douglas production function, and then we have used the determinant of 6x6
bordered Hessian matrix, and 6x6 Jacobian (Cobb & Douglas, 1928). We have analyzed four input variables,
such as capital, labor, principal raw materials, and irregular input. Throughout the study we have tried to provide
mathematical calculation in simple forms.

2. Literature Review

Literature review is an opening section of a research. It deals with a secondary research source, where a
researcher shows the works of previous researchers in the same field (Polit & Hungler, 2013). Two US scholars
Charles W. Cobb (1875-1949) and Paul H. Douglas (1892-1976) for the first time have established the functional
distribution of income between capital and labor (Cobb & Douglas, 1928). Other two US professors John V.
Baxley and John C. Moorhouse have developed the mathematical formulation of optimization problem (Baxley
& Moorhouse, 1984). Professor Jamal Nazrul Islam and his coauthors have revised the optimization problems
properly giving interpretation of the Lagrange multipliers (Islam et al., 2009a, b, 2010, 2011).
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Lia Roy and her coauthors have discussed the cost minimization of an industry (Roy et al., 2021). Jannatul
Ferdous and Haradhan Kumar Mohajan have reviewed on a profit maximization problem (Mohajan, 2022;
Ferdous & Mohajan, 2022). In a series of papers Devajit Mohajan and Haradhan Kumar Mohajan have discussed
profit maximization and utility maximization with sensitivity analysis (Mohajan & Mohajan, 2022a-f, 2023 a-g).
Pahlaj Moolio and his coauthors have worked on output maximization structure (Moolio et al., 2009).

3. Research Methodology of the Study
Research is a vital part for professors to develop their academic area (Pandey & Pandey, 2015).

On the other hand, methodology is a guideline to prepare a good research (Kothari, 2008). Therefore, in brief, a
research methodology is the collection of a set of principles for planning, designing, organizing, and conducting
a good research (Legesse, 2014).

In this study we have taken an attempt to discuss the future economic outcomes of an industrial firm when wage
rate is increased (Mohajan, 2018a). Usually, economic firms do not want to increase the wage rate. But,
sometimes these firms compel to increase the wage rate (Mohajan, 2017b, 2020). In this study we have tried to
show some results on four inputs if wage rate of the firm is really increased.

We have started our main section with the Cobb-Douglas production function, which we have considered as our
profit function. To show the economic effects of four inputs we have used Lagrange multiplier, 6x6 bordered
Hessian matrix, and 6x6 Jacobian. In this study we have taken helps from the secondary data sources of
optimization, such as published and unpublished articles, books, conference papers, and also from internet,
websites, etc. (Mohajan, 2018Db).

4. Objective of the Study

The main objective of this study is to discuss the effects of various inputs when wage rate of the workers is
increased. In a firm efficient use of expert workers can develop the firm to the profit maximization atmosphere.
In this study we have taken a nonlinear budget constraint. Other subsidiary objectives of the study are as follows:

e to explain the mathematical terms properly, and

e to provide the economic predictions precisely.
5. Lagrangian Function
Let us consider that an industrial firm is willing to make a maximum profit from its products. Let the firm uses ¢ |
amount of capital, ¢, quantity of labor, { quantity of principal raw materials, and ¢, quantity of irregular
input for its annual production. Let us consider the Cobb-Douglas production function f ({ 1,$5,65,6. 4) as a
profit function for our model (Cobb & Douglas, 1928; Mohajan & Mohajan, 2022a),

P($. 80,808 = (G 600 60080 = ASTCTI S, ()

where 4 is the efficiency parameter that reflects the level of technology, i.e., technical process, economic system,
etc., which represents total factor productivity. Moreover, A reflects the skill and efficient level of the workforce.
Here o, f#, y, and O are parameters; ¢ indicates the output of elasticity of capital measures the
percentage change in P({l, ¢, 43,44) for 1% change in ¢, while {,, {5, and £, are held constants.
Similarly, £ indicates the output of elasticity of labor, y indicates the output of elasticity of principal raw
materials, and J indicates the output of elasticity of irregular input. Now these four parameters « , £, y,and
O must satisfy the following four inequalities (Islam et al., 2010; Mohajan, 2021c):

O0<a<l,0<p<1l,0<y<l,and 0<J<1. 2)

A strict Cobb-Douglas production function, in which I=a+ f+y+J <1 indicates decreasing returns to scale,
J=1 indicates constant returns to scale, and 3>1 indicates increasing returns to scale. Now we consider that the
profit function is subject to a nonlinear budget constraint as (Mohajan & Mohajan, 2022b),

B(¢. 600 60 80)=kE +18, +mE s +n(S,)E 3)

where k is rate of interest or services of capital per unit of capital ¢ ;/is the wage rate per unit of labor ¢, ; m is
the cost per unit of principal raw material ¢ 5 ; and n is the cost per unit of irregular input < 4 - Innonlinear budget

equation (3) we consider (Mohajan & Mohajan, 2023a),
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”(44):”044_”05 C))

where 7, being the discounted price of the irregular input ¢ 4+~ Therefore, the nonlinear budget constraint (3)
takes the form (Mohajan, 2021b; Mohajan & Mohajan, 2023b);

B($, 50 Cn o) =hG +18, +ms + 0yl — 1ol 5)

We now formulate the maximization problem for the profit function (1) in terms of single Lagrange multiplier A
by defining the Lagrangian function © (é’ 1562:83:G 45 ﬂ,) as (Mohajan & Mohajan, 2023f),

”(4194/2’4/39449/1):1441&454;446+1{B(§1’§2’ 4394/4)_1‘741_142_m§3_n0§412+n0§4}- (6)

Relation (6) is a 5-dimensional unconstrained problem that is obtained from (1) and 4-dimensional constrained
problem (3), where Lagrange multiplier A, is considered as a device in our profit maximization model.

6. Analysis on Four Inputs
For maximization, first order differentiation equals to zero; then from (6) we can write (Mohajan, 2022; Mohajan
& Mohajan, 2023e),

uﬂ:B—kgl—lgz—m§3—n0§f+n0§4=0, (7a)
uy =adg ¢S]~ Ak =0, (7b)
u, = PAS TSI - Al =0, (7¢)
uy = AL EICTE) = am=0, (7d)
uy = AT CIET = amy(26,-1)=0 9
where, a—u =Uu Ou =u ou =u, , etc. indicate first-order partial differentiations of multivariate

e e,

Lagrangian function.
Using equations (2) to (7) we can determine the values of ¢, §,, &3, and &, as follows (Ferdous &
Mohajan 2022; Mohajan & Mohajan, 2022a):

¢ =%, 8(a)
Cflﬂ—g, (8b)
¢s :;;/_BEI’ (8¢)
Cﬁ%- (8d)

7. Bordered Hessian Matrix Analysis

Let us consider the determinant of the 5x5 bordered Hessian matrix as (Islam et al. 2011; Mohajan & Mohajan,
2022g),
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|H| =1=B, Uy Uy Uy Uy ) ©)

Taking first-order partial differentiations of (5) we get,
B =k, B,=I, B,=m,and B, =2n,{,—n,. (10)

Taking second-order and cross-partial derivatives of (6) we get (Roy et al., 2021; Mohajan & Mohajan, 2023c),

u, = a(a_l)Aé/la_zé/zﬁé/zyé/f ,

y, = BB-1ACETCIET,

usy =y =D)AL

gy =86 -1)ALIEIEIET

Uy, =ty = afAL" Zﬂ_lé/;é/f,

Uz =Uy = a7Aé/1a_lé/zﬁ§3y_lé/f ,
”14:”41:055144/10[_14/2/};37 f_ls (11)
Uy, =Uy, = PyAGY 2ﬁ_1 37_14/45’

Uy, = Uy, = BOALY zﬂ_lé/}y f_l >

Usy = Uy = yOACY 2/} 3y_1 f_l-

o*u =y o*u
oces, T e

multivariate Lagrangian function, respectively, etc.
Now we expand the Hessian (9) as |H | > (0 (Mohajan et al., 2013; Mohajan & Mohajan, 2022d),

where =u,, , etc. indicate cross-partial, second order differentiations of

BaBvsr3er3b 3 g
|H|= Pr 2512% {32 4 = (a+fB+y+5)5+3)>0, (12)
$1¢,656,3

where efficiency parameter, 4>0, and budget of the firm, B>0; &, &,, {;, and ¢, are four
different types of inputs; and consequently, §,¢,,45,6, > 0. Parameters, «,8,7,5 > 0 also in the
model either 0<d=a+F+y+0 <1, I=1 or I>1. Hence, equation (12) gives; |H| >0 (Islam et
al., 2011; Mohajan & Mohajan, 2022d).
8. Determination of Lagrange Multiplier A
Now using the necessary values from (8) in (7a) we get (Islam et al., 2010; Mohajan & Mohajan, 2023g),
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LA

13
B (13)

9. Jacobian Matrix Analysis

We have observed that the second-order condition is satisfied, so that the determinant of (5) survives at the

optimum, i.e.,

J|=|H

; and hence, we can apply the implicit function theorem. Now we compute twenty-five

partial derivatives, such as % , % , %, % , etc. that are referred to as the comparative statics of the
ok Ok ol OB

model (Chiang, 1984; Mohajan & Mohajan, 2023¢).

Let G be the vector-valued function of ten variables A , ¢ 1*, ¢ ; N4 3* , & : ,k,l,m,n, and B, and we define the

function G for the point (ﬂ.*,é’l*, é’;, é’:, é’:,k, l,m,n, B)e R'", and take the values in R’ . By the Implicit

Function Theorem of multivariable calculus, the equation (Mohajan & Mohajan, 2022¢),

F\Z.¢.¢. 85,60k, mon, B)=0, (14)
may be solved in the form of
R
¢
¢, |=Glk,l,m,n,B). (15)

¢s
64l

Now the 5x5 Jacobian matrix for G(k, [,m,n, B); regarded as J = 6(/1(, 1> 43’4)4), and is represented
olk,l,m,n,, B

by;

oA oA oA oA 04|
ok ol om on, OB

dg, 0¢,  9¢, 96 0g
ok ol om  om, OB

|0 0w o 0| »
ok ol om  0On, OB

0¢y 09¢5 06,  0gy  0¢;
ok ol  om on, OB
0¢y 06, 96, 06, O¢,
ok o  om on, OB
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The inverse of Jacobian matrix is, J =
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0 0
-4 0
0 -4
0 0
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—i+d,
0
0
0

-
0
0l
0

“2A8,+4 0

for transpose, then (16) becomes (Mohajan, 2021c; Moolio et al., 2009),

_C“
|

14

_C15

__é/lql_ﬂ’cﬂ

1 _ng_ﬂczz
JG__H —6G;3—AC,
_4/1C|4_/1C24
__gqs_ﬂczs

G G Gy
Cy, G, G
Cy Gy Ci
Cy Gy Cy
Cys G Cs

_é/zcll_/?“cn
_é,zclz_ﬂcn
_§2C13 _ﬂcss
_§2C14_/1C34
_gzqs _2C35

C51___§1
C, | -4
C.| o
C.| o
Cys || 0
_4/3(;11_/1(;41
_QQZ_ACM
_é;q3_ﬂ'c43
_QCZ4_/1C44
—G3Gs=AC;s

_42 _43 _442"";4 1

0 0 0 0
-2 0 0 0
0 -2 0 0
0 0 -21,+4 0

—CiGi+8iG = 224,C, + G,
~CiGo .Gy =248,C, + G,
—6iGs 4Gy —2A4, G+ G,
~CiGut<iGa—2A8,Co +AC,
_é:tzcls +§4q5 _2141(:55 +2C55

°F
Gq

Gs

1
c’ , where C = (Cij), the matrix of cofactors of J, where T

.(17)

In (17) total 25 comparative statics are available, and in this study, we deal only with four of them when wage
rate is increased. The firm always attempts for the profit maximization production (Baxley & Moorhouse, 1984;

Islam et al., 2010).
10. Sensitivity Analysis

Now we observe the effects on capital ¢, when the wage rate, / increases. Taking T, (i.e., term of 2™ row and
2" column) from both sides of (17) we get (Mohajan, 2021b; Wiese, 2021),

0¢, A

ol |J| \J

_&

_Q[C12]+_|[C32]

= 2= Cofactor of C,, +— Cofactor of C,,
] ]
=B wy, wy oy, 0 -B, =B, -8B,
__é =B, uy,  uy uy, _i_Bl Uy Uy Uy
|J| =By uy,  uy o ouy, |J| =By uy o ouy oy,
—B, u, uy Uy —B, uy,  u, o ouy
’ Uy Uy Uy =B, Uy uy —B, uy uy -B, u,
_ 2 _ _ —_ _ _
_m —Bluy, gy Uy —Up|— By uyy g | Fun— By oy, Uy —u |- By u,
Uy Uy Uy -B, u, uy, -B, u, uy, -B, u,
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=B u; uy, -B u, uy, -B u, uy
B,|=By uy uy | —By|=B; uy, uy|—B,-By uy,  usy

]
=B, u; uy -B, u, uy, —B, u, uy,
=T [_ B, {”22 (”33”44 T URU, )+ Uny (”42”34 TUpUy )+ Uy, (”32”43 Ul )}

—Up {_ B, (”33”44 Uzl ) T Uy, (_ Buy, + Bsu,, )+ Uy, (_ Biu,; + Byus, )}
T {_ B, (u32”44 Ul )+ Uy, (_ Buy, + Byu,, )+ Uy, (_ Biu,, + Bus, )}
Uy {_ B, (u32“43 Ul )+ Uy, (_ Bjuyy + Biuy, )+ Uy (_ Biuy, + B,us, )}]

A
- m [Bz {_ B, (“33“44 U3l )_ Uy (_ Bu,, + Byusy, )+ Uy, (_ Biu,; + Bus, )}
- B, {_ B, (“32”44 Ul )_ Uy, (_ Biu,, + Bus, )+ “14(_ Biu,, + Bus, )}

- B, {_ B, (”32”43 Uyl )_ Up (_ Biu,; + Byus, )+ Uy (_ Bsuy, + Bus, )}]

<

=T {_ Biuyusuy, + Bpusus,  — Byl + By, — By, + By,

Y
+ Byuyyussi gy — By, + Byt gUystty, — Byt + Byl gl Uyy — Bty sy — By,

+ Byuysut Uy — Byuysloyltsy + B3yt gy — Biuysln iy, + Byitgsuyyityy + By iy yy — Bou s,

A
+ By sy = By uyyityy Byt ugsuy,  — Byl Uiy, } T {_ B Byusu,, + BB,

Y
~B,Byu iy, — BBy, — B, By, + BBy, + BBy — BBy, —Blugu,
+ B,B,uyuiy, +B32u14u42 -B.Bu,u,, +BBuy,u, —BBuyu, —BBu,u, +Bju1zu33
+ By By, — By, }

<)

_ 2 2 2
=T {_ Biuyusuy, + Biuypus, — Byl + By, — By, + Biupus, + Bjuyuguy,

Y
2
= Byupyuz, + By, — Bilglgstty, + Byt gy — By sy — Boustigyiy, + By,
2
= By, + Byugsuyyiny, — Byugsuy, + Byugsu iy, + By gy — By ity + By,

2 A 2
= Byuy Uyt gy + Byt uysuy, — By gus, } T {_ B Byuysu,, + B Byuy, —B,Byusu,, —B,Buu,,

1
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+B,Byuyuyy +ByBauuyy + B Baugyuy,  — BBy, —Biunuy,  + BBy, + By,
2 2

= By By us, + B Byusyu g — By Byu sy — By Byuityy + Biuyyiyy + BBy, — Biuus, }

1 A3 3a #38 3y #3686
Y 422?4525“ CRGBB-Dy-1)5(6-1)  +kGIB(B-1)ST kGRS

+hGIFPE(6 1) —kGE BT +kG By (y —1)87 +16,8,apy (v —1)5(6-1) ~ 14,8,y S”
+n¢ & aB’y’s -m{Gaptys(6-1)  +méaptys -ng & afy(y -1)s
~15,5,aBr0(5-1)  +15GaByist =g gaB(B-1)ys  +mé S ap(B-1)5(5-1)
-m& & af’ys’ +n$8,af’y’s +1¢,8,afy° 5 ~1$,&apy(y ~1)5°
+ngCaB(B-y(y -1 —mECaB(B-1)8"  +mlCaB’yS  —ndlaB’yS)

LA AT

GERs CHEGA 106 -1)  +HEEGPS —ImG G as(6-1)

—nlSGCar’st +ImE G Gayst +nlgGay(y 10580 +kmd G50 -1)
—km$PEC (6 -1)  —miGGGaps(6 1) +mnd g Siapst +miEEG aps?
—mn &8s —kiGE Py =18 GBS —mndi$hg S aBys
+ GGy (r 1)+ mnd 4Ly —nC G Caby? )

1 AaBrSc3e 3P 3 39
Y aﬂyéfél 522:2;3 S kg BNy -e-1) +kGia (B-1yS —keia pro

+kla Byr(6-1) —k¢Ta” Bro +kla By —1)8 +16,8,(y =10 -1) = 16,8,08 +ndiC, By
-m&\ B0 1) +mE o —nl & (6 -1) 168,76 -1) +18,8,70 —nd & (B-1)y
+m& (BN -1) —m& & BS +nlil By +1E8yS —168(r-1)8 +nd & (B-1)r-1)

L AySGGIETCE AGTL
YN B

+mlG(B-1)5  +ml &S —nl Py

FHGC(-1N6-1)  +KECS  ~imGCial6-1)  —nll oy +Imé G a8
+nlg G Caly 1) —-m*EGGapy T (6-1)  +mil G GapyTS —kniSC By 1)
— ISP C By GGGy )5 P L TPy
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1 A3 5 3a #38 #3y 35B
i “ﬂ7;§1 f;éf:jl &4 EB-)y-106-1)  +B(-1)5-1)  -py(s-1)

+(B-1p(6-1) +Q&, -1 +2B-1) -5, -)pBl6-1) - -1NB-1)y5

1 Lapysgi ¢ ¢ B
] $1$:¢7¢.3

+(28, 1B -1y -1)5} Fr-1o-1) +35 -2(5-1)

~2(2¢,~1)8 +(2¢, -1 (y 15 ~(2¢, 1) 7]

1 A3 5 3a #38 #3y 35B
i “ﬂ7;§1 f;éf:jl 4 FB-D)y-106-1) +B(-1)5-1)  -py(s-1)

+(B-1p(6-1) +2(8-1)p  +Q¢, -1 -5, -)pBl6-1) -2, -1NB-1)r5

1 Aapys 0B

7 T Fl-1o-1) +3p5 -2y(5-1)

+8, -1 -1y -1)5}

~2(2¢,-1)8 +(2¢, -1 (y -1)5 ~(2¢, 1) 7]

o1 e o
o M é’lé’zéffé/ja {44/4 +§4(65+2ﬂ7 256 475)-"(37/ Pro+ po 25)}_ (18)

Now we consider g = B=y=0= l then we get, =1, i.e., for constant returns to scale, we get from (18),
4

oc, 1 A’B
811=ﬂ47 14 2114 -5/4 ~5/4 {(854_5)2 _44}' (19)
1 62 63 63

In (19) if (84'4 —5)2 >44,ie., §, > (5i2\/ﬁ)/8 , then we get,

%>O.
ol

From inequality (20) we observe that when the wage rate increases, the capital ¢, of the firm also increases. It

(20)

seems that due to increase of wage rate, total labor cost also increases. But the demand of the products also
increases in parallel; the firm achieves maximum revenue, and moves to profit maximization. As a result, the firm

may enjoy sustainable economic environment.
In (19) if (844 —5)2 <44,ie, {, > (Si 2\/ﬁ)/8 , then we get,

%<O.
ol

From inequality (21) we observe that when the wage rate increases, the capital &, of the firm decreases. It seems

2

that due to increase of wage rate, total labor cost of the firm also increases. Consequently, total production cost of
the firm increases. On the other hand, the laborers work for fewer hours due to income effect. In this situation the

firm may reduce its capital for the sustainability in the economic world.

Now we study the effect on labor £, when the wage rate of per unit of labor, / increases. Taking T32 (i.e., term
of 3" row and 2™ column) from both sides of (17) we get (Mohajan, 202 1¢; Mohajan & Mohajan, 2023d),
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06 _S1c 1 A
ol - |J| [C13]+|J| [C33]
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Cofactor of C}; + %Cofactor of C,;
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=B wy wy oy, 0 -8B -8B, -B,
¢, =By uy uy uy| A B owy, uy o uy
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|J|_Bs Uy Usz Uy |J|_B3 Uy Uz Uy

=B, uy ouy ouy =B, uy ouy, o ouy,
c Uy Uy Uy =B, Uy uy —B, uy, uy, -B, u, uy
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= m —Blluy, gy g, Uy =By gy Uy | tups =By uyy Uy —u|— By uy ug,
Uy Uy Uy -B, uy uy —B, u, uy -B, u, uy
P =B u; uy, -B u, uy, =B w, uy,
+ m —B\|-By uy uy|+B|-By uy uy| =B, =By uy uy

-B, u; uy, -B, u, uy, =B, uy ug,

_%
V1

[_ B, {”21 (“33”44 Uyl )+ Uy (“41”34 U3 Uy ) Uy (”31”43 Uy Us; )}
—Up {_ B, (”33”44 U3l )+ Uy (_ By, + Byuy, )"’ Uy, (_ Biuy; + Bus, )}
Tu {_ B, (”31”44 TUHU ) +uy, (_ By, + Byuy, ) Ty, (_ Byu,, + By, )}

Uy {_ B, (”31”43 Uy U3 )+ Uy (_ Bjuy; + Biuy, )+ Uy (_ Byu,, + By, )}]

A
+ m [{_ B, {_ B, (“33”44 —UpU, )+ U (_ Bjuy, + Biu,, )+ Uy (_ Biu,; + Bus, )}

+B, {_ B, (u31”44 Uyl )"’ ”11(_ Bjuy, + Byuy, )"’ Uy (_ Byu,, + By, )}
- B, {_ B, (u31”43 —UHUs; )"’ ”11(_ Bjuy; + Buy, )+ U (_ Byuy, + By, )}]

_ 6
= _m {31”21”33”44 = Byt sy + Bty Uy — Bitdyythy Uy + Biidyy1hy gy — By iy Uz,
— Byuy gyt + Byt Uity — By sty + Byt Uy, — By, yy + Byt Uy + Bougsiguy,

— Byuysu gy, + Byuysiy sy — Byl Uy, + Bittysuy, gy — Byugsuy iy — By iy + By gy i,

A 2
= Byuy iy sy + By gy, — By, + By sy } + m {Bl UssUy, —Blugly, + B Busuy,
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— B Byuuy, + BB, —BBuuy, — BBy, + BBy, — BBy, + Biuuy,
2 2

—Byuyu,,  + BBy, +BBuyu,, —BBuyuy, + By, — BBy, + BBy,
2

- B, ”13”31}

G ALY
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For p :% in (22) we get,
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Nowweuse g=y=75= l then, 3= é, i.e., for increasing returns to scale in (23) we get,
4 4

og, 1 Aaysg*g ¢ B
ol |J| 12847503
If 442, +1) >99,ie., &, >(-2+3J11)/8, in (24) we get,
4 4
%<0.
ol

From inequality (25) we see that if the wage rate / of the organization increases, the total labor ¢, of the

bo—4(ag, +17}. (24)

(25)

organization decreases, which is not reasonable. It seems that due to income effect laborers need less total labor
hours to manage their daily expenditure. Consequently, some laborers remain absent, because they have enough

money to maintain their families during absent periods.
It 4(4¢, +1) <99, ie. ¢, <(-2+311)/8, in (24) we get,

%>0.
ol

The inequality (26) shows that if the wage rate / of the organization increases, the total labor &, of the

(26)

organization also increases, which is reasonable. Due to substitution effect for more income the total labor hours

among the laborers increase and also more new workers may join in the firm.

Now we see the effect on principal raw materials ¢, when the wage rate per unit of labor, / increases. Taking
T42 (i.e., term of 4" row and 2" column) from both sides of (17) we get (Mohajan, 2021a, 2022; Mohajan &
Mohajan, 2022b, 2023a),
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1
Nowusing a=f=y=0= 2 then we get, =1, i.e., for constant returns to scale, in (27) we get,

¢, _ 1 Aapyss "¢ ¢ B 313_(44” ‘QT 28)
ol |J| 4/1242434423 16 to4 |

2
If | 42 B >313,i.e., ¢ >(l9i\/313)/16,then(28)weget,
4 ) 716 !
%<0.
ol

The inequality (29) expresses that if the wage rate / of the firm increases, purchasing of principle raw material ¢

(29)

decreases. In this situation, the laborers earn more money and some laborers remain absent frequently, as they have
enough money to maintain their daily expenditures. Moreover, for paying more wages, the firm cannot manage
sufficient money to buy principle raw material. Consequently, the firm decreases purchasing of principle raw

material.

2
If (44}—%) <%,i.e., ¢, <(19i\/313)/16,then(27)weget,

%>0.
ol

The inequality (30) expresses that if the wage rate / of the firm increases, purchasing of principle raw material ¢

(30)

also increases. This seems that for more earnings the laborers works more working hours. Consequently, the firm

increases purchasing of principle raw material.

Now we observe the effect on irregular input §, when the wage rate per unit of labor, / increases. Taking 7%,
(i.e., term of 5" row and 2™ column) from both sides of (17) we get (Islam et al., 2011; Mohajan, 2017a; Ferdous
& Mohajan, 2022),
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Nowusing a=f=y=0= 2 then we get, =1, i.e., for constant returns to scale, in (31) we get,

oc, 1 3A’B
614 = m P 15/4 21/4 35/441/43 (1 6, _13)' (32)
If &, >13 in(32) we get,
16
% >0. (33)

The inequality (30) indicates that if the wage rate / of the firm increases, purchasing of irregular input £, also
increases. This seems that for more earnings the laborers works more working hours. Also, irregular input may be

an essential material for the firm. Consequently, the firm increases purchasing of principle raw material.
13 .
If £, < E in (32) we get,

%<0.

34
5l (34
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The inequality (34) expresses that if the wage rate / of the firm increases, purchasing of irregular input &,
decreases. In this situation, the laborers earn more money and some laborers may remain absent frequently.
Perhaps they have enough money to maintain their daily expenditures with the earnings of lesser working hours.
Moreover, for paying more wages, the firm cannot manage sufficient money to buy irregular input. Consequently,
the firm decreases purchasing of irregular input.

11. Conclusions

In this study we have discussed the effects of various inputs of a firm if the wage rate of it is increased. To
analyze this, we have considered nonlinear budget constraint. We have taken Cobb-Douglas productions function
as a profit function for this study. We have also used 5x5 bordered Hessian matrix and 5x5 Jacobian to establish
the economic predictions properly.
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