Doration: 3Hrs, Marks=: 10 Credits: 6

Course Ohjective

The objective of this course is u familiarize the swdents with the basic mathematical tools with
special emphasis on applications to business and economic situatinns,

Course Learning Outcomes

After completing the course, the siudent shall be ahle oz

COl: comprehend the concepd of systematic processing and inlerpreting the information in
QUARLALIYE Terms 1o acrive At an optimeam salution o business problems,

CO2: develop peaficiency in wsing different mathematical 1onls (mateices, calenlos, lingar
programaning. and mahemanics of financs ) in solving daily life problems,

CO3:  wequire competence 9 use computer for mathematical compututicns, especially with Big
ki,

CO4:  obtain eritical thinking and problem-solving aptitude.

CO5:  evaluate the role played by mathematics in the waorld of business and coonomy.
Course Contenis

1.1 Definition and  types of matox, Alechbra of mutnices, Inverie of a moirix- Bosiness
Applications.

1.2 Soluticn of sysiem of linear equations (having unigue solution and involving nei mere than
three variahies) nsing matnx inversion method and Ceamer’s Rule,

1.3 Leontief Tnpant CQutput Model {Open Model Cnly),

Unit I1: Basic Calcul

2.1 Mathemntical lunciions and their types (linear, guadratic, polynomial, cxponcential, logarithmic
and lopiaie function), Conceprs of Timin and contnuiy of 4 function,

2.2 Comcept of Marginal Analysis, Concept of Elasticity, Applied Maxima and Minima problems
including effect of Tax on Monopolist's Optimum price and quantity, Economic Order Creantity.

Unil 11z Advanced Calculus

B.Com.(Hons) CBCS Department of Commerce, University of Delhi

3.1 Partial Diflferentimion: Partiol denvatuves up to second order. Homoreneny of luncuons and
Euler's theerem. Total differentials, Dilferentiation of implicii functions with the help of folal
differentials.

3.2 Muxima and Minima invelving two variables — Applicd optimization problems and Constroin
oplimization problems wiing La granoean muktiplier involving two vedebles having not more than
L constiruint,

3.3 Ttegratioa: Siandand forms & methods of integratinn- by suhstiition, by pans and by use of
pactial fractions, Definite integration. Finding areas in simple cases

34 Application of Integration fo marpinal analysis; Consumer™s and Producer’s Surplus, Rate of
sabes, The Leamning Corve,

* T Mn

4.1 Rates of interest: pominal, effective and their inter-relationships in different compounding
gitLAtinn g,

4.2 Coanpounding aed discounting af o som using difTerent (ypes of rates, Applcations relaling o
Depreciation of assets and Equation of value.

4.3 Types ol anmuities: ordinary, due deferred, cominuous, perpetunl. Determination of future and
present values using different types of maes of interest. Applications relming 1o Capitol
expenditure, Leasing, Valuation of simple loans and debentures, sinking fund.

(excluding general annuoities).

Linit V: Linear Mrogramming

5.1 Formulation of Linear programening problems (LPPs), Graphical solutions of LPP2. Cases of
umiggue sofufieas, mulliple optional solotoas, onboseded solofions, infepsibilitg, and redundani
Cconsirtints,

5.2 Solution of LPFs by simplex method - maximization and minimization coscs. Shadow prices
of the rescunces, ldentificaten of umigue and mueliple optimel soluticns, enbounded solution,
infeasitality and degeneracy.

5.3 The dual problem: Formulation, relationship betwesn Primal and Duoal 1PP, Primal and Dl
solutions (excluding mixed constrainis LPP=). Economic interpretation of the dual,

Emctical Leb
In addition to the lectures, the students are expected to work on a software packase for solving

lincar progromming probiems, problems related o mothematics of finonee and analyee the rosulis
oltanmned there from, This will be evaluated thoough internal assessment,

References
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2. Find the adjoint of the matrix A = | .
L J

W 1 B
O oo
9 L ON
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-11 46 -36
ad] A= 1 -26 36
23 2 —12
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Example 27. Using matrix inversion method, solve the following system of equations for x, y and z.
xty+z=3, Wdty—=z=2 2x—y+z=2

Solution . The given system can be expressed in the matrix form as

AX =B,
1 1 | 5 5
where A= |2 1 =1], X =]y and B = |2
2 I  Z | 2]
Now |A|=1(1-D-1Q2+2)+1(-2-2)=0-4-4=-8=0.

Since l A l # 0, A~ ! exists and the system has a unique solution given by X = A~! B. It can be
easily verified that |

0 = <=2
A4==—é -4 =1 3
-4 3 -1
" O =3 =25 g Y
1 1
Thus, X=A"1 B——E -4 -1 Al d]= -3 -16| = |2
—4 3. =112 -16] |2,




@m@
g \L‘

szszrJJ
Bx+y-2=
nty-z =3
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Solve the following systems of equations using Cramer’s rule :

() Sx-Ty+z=11; 6x — 8y —z=15; 3x+2y—-6z=7
(i) x+2y-2z2=-17, =P+ e=Q; xX—-y—3z==3
(iii) 6x+y—3z=5; x+3y-2z=S5; 2x+y+4z=8

-9

V) 2x-3y-4z=29; -2x+5p-z=-15; 3x-y+5Sz=-11
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APPLICATIONS OF MATRICES TO
BUSINESS AND EECONOMICS
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Example 2 . The sales figure for two car dealers during January showed that Dealer A sold 5
deluxe, 3 premium and 4 standard cars, while Dealer B sold 7 deluxe, 2 premium and 3
standard cars. Total sales over the 2-month period of January-February revealed that Dealer A

sold 8 deluxe, 7 premium and 6 standard cars. In the same 2-month period, Dealer B sold 10
deluxe, 5 premium and 7 standard cars,

Write 2 x 3 matrices summarizing sales data for January and the 2-month period for each
dealer. Hence find the sales in February for each dealer.

Solution . The sales for the month of January can be represented by the matrix

Deluxe Premium  Standard
Dealer A |5 3 4
A = Dealer B |7 2 3

Each row of A gives the number of each model sold by a given dealer. The sales for the 2-

month period can be represented by the matrix
'8 7 6
5= 1o 5 7

The sales for the month of February is equal to the sales for the 2-month period of January-
February minus the sales for the month of January. Thus the sales in February is

'8 7 6| [5 3 4] [3 4 2
B-A =110 5 71717 2 3|7 |3 3 4
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Example 5 . A transport company uses 3 types of trucks 7. 7. and T,, to tra
. 2 ¥ ns rt
vehicles V], VE and VS' The capacity of each truck in te 1 S l:)f A4 3 port 3 types of

ypes of vehicles is oi
ey es 1S given
VI Vz V3
Tl 1 3 2
T: 2 2 3
A 3 2 2

Using matrix method, find the number of vehicles of each type which can be transported if
company has 10, 20 and 30 trucks of each type respectively.

[Delhi Univ. B.Com. (H) 1999, 2006 (SOL)]

Solution . The capacity of each truck in terms of 3 types of vehicles can be represented by the
matrix

L I, T

it 2 3
X=%K|3 2 2
312 3 2

The number of trucks of each type used by the company can be represented by the column
matrix

T, [10]

Y=17,[20

T3 (30

The total number of vehicles of each type which can be transported is given by the matrix
product

1 2 317101 [140
XY =1[3 2 21|{20|=1130
2 3 2|[30] [140

Thus the number of 3 types of vehicles ¥;, ¥, and V5 which can be transported are :

Vi =140, V, =130 and V; = 140
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Example 8 . Mr. A went tc:! a market to purchase 3 kg of sugar, 10 kg of wheat and 1 kg of salt. In
a shop near to Mr. 4 residence, these commodities are priced at ¥ 20, T 10 and T 8 per k
whereas in the local market these commodities are priced at ¥ 15, ¥ 8 and ¥ 6 per kg respectivelf

If cost of travelling to local market is X 25, find the net savings of Mr. 4 using matrix

multiplication. [Delhi Univ. B.Com. (H) 2011)

Solution . The quantity of sugar, wheat and salt purchased by Mr. 4 can be represented by the

matrix
Sugar Wheat Salt

Q=4[ 3 10 I ]
The prices of these commodities in the nearby shop and the local market can be represented

by the matrix
Shop Local Market

Sugar | 20 15
P = Wheat| 10 8
Salt i 8 6 |

The total cost of purchasing at two different places is given by

20 15]
QP =[3 10 1]|10 8|=[168 131]
8 6

Cost of purchasing from a nearby shop = T 168

and cost of purchasing from the local market = < 131

However, cost of travelling to local market =X 25

Net savings of Mr.4 = 168 —131-25 = X12.
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M, M, M,
P 3 1

A = P |4 £ 5
P |2 4 2]

Using matrix notations, find
(i) The total requirement of each material if the firm produces 100 units of each product.

(i) The per unit cost of production of each product if the per unit costs of materials M, M2
and M; are ¥ 5, ¥ 10 and T 5 respectively, and

(iii) The total cost of production if the firm produces 200 units of each product.
[Delhi Univ. B.Com. (H) 1998]

Solution . (i) The total requirement of each material if the firm produces 100 units of each
product is given by the matrix product

R B B o

M |12 4 2(1100] A M, | 800
Mz 3 2 4 I{]D 'PI =M2 900
My[1 5 2|[100[P  M;|800

Thus the firm requires 800 units of material M, , 900 units of material M, and 800 units of
material M, to produce 100 units of each product.

(if) The per unit cost of production of each product is given by the matrix product

M, M, M,

BRl2 3 1][5]1M PA[45]
B4 2 5||10|M,=P|65]|
Bl2 4 2[|5(M PR|60

Thus the per unit costs of three products P|, P,and P, are T 45, 65 and ¥ 60 respectively.

(iii) The total cost of production if the firm produces 200 units of each product is given by

45
[200 200 200]| 65| = [34,000]
60

hus the total cost of production is ¥ 34,000.
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A company has two plants. Plant 1 is capable of producing 5 items of 4, 10 items of 5 and 3
items of C per one hour of operation. Plant 2 is capable of producing 5 items of 4. 6 items of B
and 6 items of C per one hour of operation. Express this information ina 3 x 2 matrix. Using

matrix multiplication, determine the total number of items A, B and C produced if Plant 1 is
operated for 10 hours and Plant 2 is operated for 5 hours.
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- Inacertain city, there are 5 colleges and 20 schools. Each school has 3 peons, 1 clerk and 1 hea

clerk, whereas a college has 5 peons, 3 clerks, 1 head clerk and an additional staffas a caretaker
The monthly salary of each of them is as follows :

Peon—-X 1100, Clerk— % 1700, Head Clerk— ¥ 3000 and Caretaker— Z 2500
Using matrix method, find
(i) the total number of posts of each kind in schools and colleges taken together,
(i7) the total monthly salary bill of each school and college, and
(ii) the total monthly salary bill of all the schools and colleges taken together.

-
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EXERCISE 2.2

I.  An amount of 7 10.000 is put into three investrnents 2t the rate of interest of 10, 12 and |5 pes
cent per annum. The combined income is T 1310 and the combined incamne of the first and
w imvestment iz ¥ 190 s:-_.'rirjn of the income from the third. Find the investment in each using

determinant method (Cramer's rule). [Dethi Univ. B Com. (14 1944]

Fi o e [ | S Frean 1] [ & a e -
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K+'j +7z = l0000 @ B
& 1
10 + 113 + 152z = 131000 il
“J 19000 “1
x +12 = 1572 - 190 ” 10 +\2y —152 = 1300 i
B [ % (10000 = ;;;_
0 12 15 y = 131000 —
=10 12 15 _ 2 19000 : |
D= —CO —
S —
/__].'),' = (0000 " [ c.-ﬁ-"-"._'"_:-—
131000 (2. 15 > -126000 _
19000 12 -15 s~
n“'-\-::‘_j
| 10000 | e
Dy = lio (31000 15 => 1380000 C
|0 -19000 =15 e
IH'""--.
(. 000 N
My = 0 12 l;—d 00 i *300RED 'EH‘—
2, - 0 \ .
\:‘
\
D 50600 N
Dy HAR000 g D2 5 800 7 - 2 P
K= Ty 7ree L * 2
o .
» ;Gﬁn '\-Hﬁ;_"’:
e T . T ¢ - W_Ji\c";
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The prices of three commodities )X, Y and Z are, x, y and = per unit respectively. A purchases 4
units of Z and sells 3 units of .X'and 5 units of Y. B purchases 3 unit of Y and sells 2 units of ¥
and | unit of Z. C purchases | unit of X and sells 4 units of } and 6 units of Z. In the process, 4,
B, C earn X 6000, Y 5000 and X 13,000 respectively. Using matrices, find the prices per unit of

the three commodities (note that selling the units is positive eaming and buying the units i
negative earning).
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Prize EL 3 commoditiey X, 4, 7 ou %Y ard 2.
(goll- (Five cu‘-cl Pmm L"J"'.J(‘_)

—Hz +3x+5y = (000 3 +5y -4z = 6009
—35 *2r+lz = 5000 <> 21x-3y+ |z = 5000
— % & '-‘Iﬂ’r(.i = 13000 — % +qj+{,g,—.ﬁ 12000
| 3 5 -l [ L6000
5 L4 \ \j — 5000
e L L 7 |3 000
N
L = A B
\Al =  —1sl
A -22 -H4& -3
A = |
18\ T -
5 -\ =19
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11. A salesman has the following record of sales during three weeks for the three items X, Y and Z
which have different rates of commission.

Weeks Units sold Total Commission (in %)
X ¥ Z
/ 40 30 20 270
/| 50 50 40 450
1 60 30 10 260

Find out, using matrix method, the rates of commission on items X, Y and Z.
|Delhi Univ. B.Com. (H) 1988 |
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> "0 & 304 + 202 = 270
50+ ¥} 503 v 40z = L50
G0 +_3-,[_',3 + oz = 260
a0 30 20 ¥ | 230
50 50 4D Y = 450
| 60 3o |6 o 264
D= — | oo
'Dlr s 210 30 20
50 50 Hol| = -2000
260 30 | 0
B, - |40 2% 20!
50 A50 Lo . -20600
60 240 |0
H0 30 270
‘D:.) =
SG 55 L\E}ﬂ are "55':"5
0 30 260
K= 288 9 V- o3 he B
a0 b il Bl d Lo
;Eé,,f# 1 Tﬂuwd-l) l?":""“:‘Pl M'K&J
.8 4 =
Sl T 33 >t My = y3p0
<>
2 + By -
£ 4+ 3 - 25 )~ 25
12 12
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19. A firm produces two products / and P, passing through two machines M, and M, before
completion. M, can produce either & units of P, or 10 units of P, per hour. M, can produce 2

units of either product per hour. Using matrix notations, determine:
(i) Production of P, and P, if time available on two machines is 33 hours and 25 hours

respectively.
(if) Per unit cost of production if cost of operating per hour on two machines is ¥ 400 and

T 300 respectively.
(iif) Total cost of production, [Delhi Univ. B.Com. (H) 2013

an A B mradnrcee three nrndnecte P P and P nracecced an fonr marhinee AAd. Ad. AL, and
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Dellii Univ. B.Com. (H) 1 994

24. Ir:;?.'ﬁrrn has two service departments, S, S, and three production departments, P, P,and P,. The
irect cost of each department and the percentage of the total cost of each depamnént allocated

to various departments are given below :

- — __I_l-.._.".. -

matrix algebra.

Service Department Percentages to be Allocated to Departments
S, S, 7 P P
S, 0 10 20 40 30
S, 20 0 50 10 20
Direct Cost (in %) 98,000  1,17,600 14,00,000 21,00,000 6.40 000

(1) Express the relevant simultaneous equations for determining the total cost (direct pl
allocated) of each service department in matrix forms: RERL RS

(/7)) Determine the total cost of each service department using matrix method- and

(ii1) Verify that lh_e sum of the sevice costs allocated to the production departments
sum of the direct costs of the service departments. qualsthe
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= L. | 0-2 94000
¢33l o | 111 oo
= |02 0-204 92000 ]
o102 -2 ] 113600
= ilqmn}
130000 ')Jﬁ {"'
U'T‘) Sum f'q He seowia ot allowokd 1o tha FTnduth'm cll-f{’-

130000 130000 130000

(55 &3] Ylunnﬂ} % To 5] thnau} o X ] [inr-lum}

S $9%00 + 62600 t 63200

=7 21560

which 18§ sama @ the sum Hb doredt cayt “{3 et Jt,é}

(98000 + Wigoos) = 215600
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