S. No. : 4019

Unique Paper Code : 22411402

Name of the Paper : Business Mathematics
Name of the Course : B.Com. (Hons.) (CBCS)
Semester : v

Duration 3 Hours

Maximum Marks : 75
(Write your Roll No on the top immediately on receipt of'this question paper.)

Note : Answers may be written either in English or in Hindi; but the same medium should be used
throughout the paper.

Attempt A/l questions. Marks are indicated against ¢ach question.
Simple calculator is allowed.

Log, annuity tables and Graph paper will be provided.

Q 1a) Mr. A went to a market to purchase 3 kg of sugar,10 kg of wheat and 1 kg of salt. Inasl:p
near to Mr. A residence, these commodities are priced at 20, 10 and 8 per kg whereas in the lc =1l
market these commodities are priced at 15, 8 and 6 per kg respectively. If cost of travelling to lo 1l
market is 25, find the net savings of Mr. A using matrix multiplication

OR

A company produces three products every day. Their total production in a certain day is 45 tons. ' s
found that the production of the third product exceeds the production of the first product by 8 tc-s
while the total production of first and third products is twice the production of second produ:..
Determine the production level of each product, using matrices. 4

mhs)ahma"a"3ﬁu7-ﬁih?ﬁ,1oﬁmﬂ{'3ﬂtiﬁﬁﬁmaﬂaﬁ$ﬁmmrmahma;"a?"ﬂ: I
& orH RUT Uh g F, 57 aFqIt i AwAa FAW 20, 10 IR 8 =@ vfy Rrenamw &, FafE v s
R A 3 awHt Fr HAa w15, 8 IR 6 ww A R | I wET SOR G Sl
&I faar 25 =@ §, A 3Megg IUTA (matrix multiplication) & IYANT FE NA “F H; ey F9d Tz
EIE iy
ar

U HUA GfaRe A Ieurg aoAeh ¥ B vE R A I Fo Scued 45 o §1 T§ IR g b
AEY 3T F 3UGA Tgd 391G & IcUeA W 8 T A& § F@fd Ggd AN AW 3G FOFeA Ieqe

GI 3G & eUTeA ¥ AT 1 HTSYE (matrix) F U FE Fedw 3G H ScdeA FX AuiRa &

4
|
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Q1b) In a two- sector economy, it is known that Industry / uses 20 paise worth of its own product
and 40 paise worth of industry /7 to produce a rupee worth of commodity of industry 7; industry I/
uses 25 paise worth of its own product and 25 paise worth of industry / in producing a rupee worth of
commodity of industry II; and the final demands are Rs. 2800 billion worth of commodity of industry
I and Rs. 5600 billion worth of commodity of industry /1. 0.2 and 0.1 labour hours are required to
produce a unit of commodity of industry 7 and a unit of commodity of industry II respectively
(i) Find the solution output using matrix inverse method.
(i1) Find the total value added if the wage rate is Rs 150 per labour hour
(iii) Find the equilibrium prices
(iv) Write the input-output table for the economy

OR

Three companies X, Y and Z hold shares in each other. The percentage ownership of the three
companies is given below:

Percentage of Share Capital held in Company

Owners of Shares
X Y Z
X 0 30 20
i 30 0 10
Z 10 20 0
Outside Share holders 60 50 70
Total 100 100 100

If the separately earned profits of X, Y and Z are X 53,000, ¥ 4,000 and  1,40,000 respectively, find
the total net profit of each company (separately earned profit plus share in the profits of the other
companies) by using matrix algebra. Also, verify that sum of the profits allocated to the outside
shareholders equals the sum of the separately earned profits of all the companies. 8

wa 1) o -8 sfegaeyr #, 7¢ G & 6 3T | 30 w9 & g F 20 ¥ Aew IR e 1E
40 T Heg T 3UART F 3SA | F AT UF T0F Hed H TG F 3cUGA T §; AT || H9N TG
¥ 3eg & 25 WY AT AR 3@ 1 F 25 YW He F 3T 3@ 11 F TF T Heg B awg
3cUeA AT §; IR HfAA AT 3@ | Fr 2800 BT w9F Hew i awg AR 5@ 1 A 5600
fefes $93 Ao A awq &1 3T | A aEg B o S AR 3eAr 1 TG A U TS F 3
& fau wAw: 0.2 3 0.1 47 G T HETHAT g §

(i) 3TegE =ghA (matrix inverse) A FT ITANT FF AU H3eqe AT
(i) A AT HT 2T 150 TF Ui 47 6 § of Fo Hed I Aq A0
(iii) FJereT HIFET T IaT @MY

(iv) 3rdfegaear & AT gaAqe-3T3eqe diferr aard|

ar
et Fafaar X, Y 3R 2o g # fEiedy w@d 81 e sufert a0 warfaes wfdea e fRar mr &
AT &1 FIAE et 7 aRa it &1 ARwfaerd
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X 0 30 20
Y 30 0 10
Z 10 20 0
TEd IRETURE 60 50 70
& 100 100 100

R X, Y AR Z % seeraed A o HAW: § 53,000, ¥ 4,000 HX ¥ 1,40,000 §F A A
SSraTfOra(matrix algebra) & 3UANT (& Tedd FUA N Fel YGH AH e @ H#iEa @ 3R T
Fufdt & Fs ¥ REE) G @O A &, Fed wY R aedy fRRuRE # Efea W & am
welr Fufadl & rerer-3reer FST aet & AT & S g i8

Q 2 a) Find the dual of the following linear programming problem:

Minimize Z =4x;+12x2-2X3 + 8X4
Sub to the constraints

X1+2x2-x3 +3x4 >=8

4x2-x3 +2x4 >=10

X1 +X3 +X4 <=8

X1, X2, X3>=0, x4 unrestricted in sign 6

OR

An electric company produces two products P and P2. Products are produced and sold on a wee -y
basis. The weekly production cannot exceed 25 for product P, and 35 for product P2 because of
limited available facilities. The company employs total of 60 workers. Product P, requires two nzn
weeks of labour while product P, requires one man week of labour. Profit margin on P, is 60 and P is
40. Formulate it as a linear programming problem and solve for maximum profit graphica /.
6

v 2 =) ForATaf@a Y% FARAST FHEAT (Linear programming problem) T & (dual) faerer:
fufimmss Z = 4X|+12x:'2X3 + SX‘
aTem3T & 31¢0e (Sub to the constraints)

Xt+2x:'X3 +3x4 >=8
4XQ'Xl +2X4 >=10
XX, +X. <=8

X, Xs, X2>=0, x. R & 3wfaaf@a (unrestricted in sign) 6

ar
U Rigga el & 3G Py AR P, Weliel ¥l T F Scurea AR A Aeefed YR W A S £
WA Fuaey GRUGT F FROT 309G Py & AT WeARE Seued 25 I 3earg P, & faw 35 & 3ifi a6
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€T Y WAl ¥ FUA A T 60 FHIN FIA §| 3G Py % AU 2 FecAig & 47 A IELIHAT Bl ©
Fafh 3cUg P, & o Ush Hodlg & A Y HGThar g &1 Py 9T STHIY 60 § 3 P, WX THIT 40 1
=9 us Y@« dranfAEar sAEA(Linear programming problem) & &9 # R &Y 3t ofhs §7 & 30w
o F AT g & 6

Q 2 b) A firm produces three products A, B, C using three resources (material, machine hours and
labour hours). The manager of the firm wants to find out the production strategy to maximise the
profits. A student of B.Com (Hons.) who was familiar with linear programming technique offered to
help him. The student formulated the problem and solved the problem by Simplex method. He gave
the following solution:

X1 X2 X3 Si S2 S3 Quantity
Contribution 30 40 10 0 0 0

1 1 3 1 0 0 45

2 2

E 0 - l r 1 1 0 15

2 2

5 0 1 1 0 1 35

2 2 2

Do you agree that this is the best production strategy? If not, improve the solution to get the best
production strategy.

a2 @) U A dia F@aruat (@reh, ahe g2 3R a7 ') &1 39l F T 3 A, B, C F 39EA
FA & G F gEuS Harh # HOFAH A & AT Iqed WA F o9ar FEer awar §1 e
(3t®) & vs o, S NfAI WenfHeT aseid(Linear programming technique) & 9RRAT o1, & 37T A
FA HT IAFY A OF @ GAET A GOy Far W Acdww [t o saer & gaae R sa
faafaf@a go R

Xi Xz X SJ Sz 53 HIET (Quantlty)

gereer 30 40 100 0 0 0

1/2 1 3/2 1/2 0 0 45

3f2 N0 <LJ2 Sigd 1 8RS

5/2 0 1/2 -1/2 0 1 35
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T HT FeAd & & Ig wafdd 3caea WEAfa &7 I &g, ar wafas 3caea e gog & & Qv
g # FUR

Also answer the following questions:

(i) Are all the three resources completely used? If not, how much of Wwhich resource is unused?
(i) Can there be an alternative product mix which gives the same totil contribution?

(iii) What are the shadow prices of the resources? .

(iv) What happens if 15 machine hours are lost due to some mechanigal problem?

OR

A diet is to contain at least 20 ounces of protein and 15 ounces of carbohydrate. There are three fc . ds
A, B and C available in the market. costing Rs. 2, Re. 1 and Rs. 3 per unit respectively. Each un : of
A contains 2 ounces of protein and 4 ounces of carbohydrate. Each unit of B contains 3 ounce of
protein and 2 ounces of carbohydrate; each unit of C contains 4 ounces of protein and 2 ounce of
carbohydrate. Formulate the L.P.P. so as to minimize the cost of diet. Find its dual.

Solve the dual by Simplex method and read from Dual solution the solution to the primal probl : n.
12

forafaf@a weat & 3 o fifS: |
(i)mﬁ:ﬁﬁmﬂ#m@m#mﬁnﬁmm%ﬂﬁﬁﬁmﬂwmﬂmm gt

g &7
(i) #1 FE FHfoud 3cag  AAUI(alternative product  mix) B HWHAT § S WAE |
TETa(contribution)gaT &7

(iiii) FaTerAT Hr ST rAd(shadow prices) 4T §?
(iv) af% R Tifis aEaT & SROT 15 HAM 62 5 g A § ar &7 e

ar
% IR #F A A HH 20 3@ 00T AR 15 3F FElesic dar ARyl oK F @ @eg T 4 B
M C 3ucey ¥R deT HA: 2 TG, 1 9 AN 3 79 iy siE ¥ A uAE S H 2:0H
WA 3R 4 3ifE FEfEEse Aar ¥ B i v S & 3w WA 3R 2 3w FEfErse g B
AF s F 4 3w WA 3R 2 3w FEfeede @ar & vadid(LPP.) PEE arfd IER A AT
HH H S Toh| S gad(dual) a8 HiST|
zdd(dual) # RAFceFw A & g7 &t AN qdd(dual) g & TrIfAF FHEAT(Primal problem) T & Al

12

Q 3 a) The demand law is:
p=ae® (a,f>0).
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Find the elasticity of demand. Evaluate the elasticity when o= 10, B= % and x = 5 Find the percentage

fall in price necessary to increase the demand by 5%.

OR

A chemical company uses 8000 drums of chemicals each year. The company has a current policy of
purchasing 250 drums at a time. Each drum costs Rs 80. The ordering cost is Rs 40 per order & the
annual carrying cost is 20% of the average inventory value. Find how much the company will save if
it buys according to the economic lot size 6

wa 3 %) ART FefdA(demand law) &:

p=ae (0,p>0)
AT Y Feg-AeTdT(elasticity) AT RAT| FeT-ATYeTcT(elasticity) FT Hedida B 59 a= 10, p= 1/2 3K
x=5 AT # 5% I gef WA F AT 3aeTF FAd & Aae gfaea # qar @@

a1
UF THAA Fellet dTell H9e g7 a¥ 8000 3H THRA & SEAATS Hl ¢ Faalr 6 Alser Ny v aw &
250 3A @lE #r g1 IAF 3H I HAG 80 TIY §| ATE e Hr AT 40 T9A WY HE T 3R afvw
agal o AHEd SIS Ao # 20% B IR FIAT FHGRAr AT & HegER @liied ¥ ar U A @
arell s9d 9ar | 6

Q 3 b) The joint demand functions of the two products are
X =2P- 06 P,08 gand X, =3P,07 Py 05

where X, and X; are the units demanded of two products at prices P; and. P, respectively. Determine
the four price elasticities at the prices Py and P and state the relationship between the two products.

OR

If the production function is:

i)Prove Euler’s theorem.

ii) Find MRTS. 6
wa3@) & 3cUel & HYF AT e ( joint demand functions) #:
X, =2P- Po+ and X, =3Py Py
St X, 3 X, & 3eet & v FwAw: pHAR P, AT W FE A S A s@Ear §) PAHRP, BHEat W
IR HeI-ANETAd (elasticities)@uiRa T 3R g 3cuel & @w d&y gqm)

a1
IfE 3cared B (production function) &:
X =[0.2/K+08/L ]
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i) e 9AT (Euler’s Theorem)ffieyr HIfSw|
i) i) Wm(MRTS)ﬁml 6

Q 3 ¢) A firm has a marginal revenue function given by MR= ;f—;-' c, where x is the output an¢ 1, b
x+b

and c are constants. Show that the demand function is given by p= Elog( —)-c

OR

Find the consumer surplus and producer surplus under pure competition for demand function

p= ;?Z'{ — 2 and supply function p =% (x + 3) where p is price and x is quantity 6

ww37) TH BF & 9 MR= a/x+b - ¢, garr f@m wmar @A ToTEd) Wefel (marginal revenue func on)
¥, gl x 3G @ ¢ AR a, b IR ¢ RiE & ¥ R fF FHHT W (demand function) p=a/ |3g(
x+b/b ) - ¢ @RT & I &

ar
Q_E}IW%WQTEEHHWWp=8/x+1-23ﬂTHr{ﬁWp=1/2 (i +3) ¥ AT Iusear FfoRy R
3cqTesh HOAY HT IaT FIE,Fel p Hed & IR x A I | 6

Q 4 a) A monopolist has the possibility of discriminating betwegn domestic market and for ign
market for his product. His demand functions in the domestic and forzign markets are

x1 =21 - 0.1p; and x2 = 50 - 0.4p; respectively (p: and p are the prices and x; and x; are the Vits
demanded). His total cost is 2000 + 10(x: + x2). Find the prices and| quantities that would maxir: ize
monopolist's profit. Verify that the monopolist would charge higher|price in the market that has e
lower price elasticity of demand

OR 1

A major airline purchases a small plane at a cost of Rs. 5,20,00,000. The company estimates - at
average capital cost and average operating cost are a function of x, the number of hours of fl :ht
time. The salvage value of a plane (in rupees) is expressed by the function S (x) = 4,20,00,0( .-
10,000 x. Average operating cost, per hour is given by the function:

OC (x) = 800+ 0.40 x

Determine how many hours a plane should be flown before replacement if the objective it 1o
minimize the sum of average capital and average operating cost per hgur 6

4 %) U TR SO F O 0 3cTE & faT oie Ao R g aeR F dw dewa a R
worraa A ¥ u¥e AR Rl SRt # 39 AT e HAT G
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X =21-0.1p; st x,=50-0.4p; &(p: 3R p. T & AN x. AR x, AH A 7 FHEAT )| IR FA AT
2000 + 10(x, + x,) | UHITUHRT YA & aTH F HAFaA = arer HrEar dR \AEET & gar J@n|
Faa &Y F tafbs ol SoR # 35 Fd aqd HE0 Swd A fr frag aoerar :7 8

qr1
UH §51 T 5,20,00,000 T H GG T BT RAE @led ¥ F9l & A § 5 aea
ot anTd 3R 3ea gRETee FETT x FOTE G g, S 33 ARG F e f dEdr ¥ {Ee #w7v
fAFaRoT Few (9 ) wew S (x) = 4,20,00,000 - 10,000 x EFRT HFT AT ST @1 IEa 9y wer
fEres T, Bole ganT & TS §
OC (x) = 800+ 0.40 x
fAuiRa & & a6 AR it oRaes aee 9f 9 & a1 & F7 = § [, e @
g U faATeeanT fohaer 6¢ T 33 g i S wiRu 6

Q 4 b) The marginal cost function of a product is given by
MC(x) = 2(2x + 9) -0

and the fixed cost is Rs. 4. Find the corresponding total and average cost functions. Also, find per
unit cost when 8 units are produced.

OR

After an advertisement campaign, the rate of sales of a product is given by St=1000 e-05t where t is
the time in months. Find:

i). Total Cumulative sales after 3 months
ii) Sales during the 4th: month
iii) Total sales as a result of the campaign 6

v 4 w) fFEY 3curg @1 AT dnTd e Reafaf@a & ganr ar s -
MC(x) =2(2x + 9) =
AR AREd amTd 4 ®9T §1 TG AT(corresponding total) 3R 3T TT Felel(average cost functions)
Aa fST| g &, 8 FHEAT F IRA g W 9fa sFE anrg A7a Hfaw)
ar
U e HFAE & are, R 3carg @ s @ ax S=1000 e g@RT & ST § @l t AT F wHG
gl A FL
i) 3 #EA & TTE For T A
i) =Y 7 & ghRrer
iii) 31U & IROTEETET Fel fashr 6

Q 5. Do any three of the following

a. What is the present value of a continuous income stream of Rs. 6.000 per year for two years
if it is discounted continuously at the rate of 6% per year?
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wee 5.

Mr. Shyam wants 5,00,000 at the end of 7 years. If the rat¢ of interest is 8%, what ami 1.nt
shall be deposited at the beginning of each quarter so as to get the above amount?

Mr. Arun wishes to provide for his daughter’s education by depositing 34,000 at the en  of
every six months in a savings account. The first deposit was made 6 months after his
daughter’s 15+ birthday and the last deposit was made when his daughter was 21 years  d.
The rate of interest is 5% p.a. compounded half yearly. Find the balance in the account.

Earnings after taxes (cost savings or profits) from a new machine are expected to be ‘s.
45,000 per year. The machine costs Rs. 2,00,000 and after five years has no resale or sc "1p
value. A loan can be made for this amount payable in five equal annual instalments at 1%
per annum on the unpaid balance of the loan. Should managgment buy the machine?

A machine costing Rs. 75,000 is depreciated at the rate of 10% p.a. for the first 5 years nd
then at 12% p.a. for next 3 years, both on diminishing balance basis. Find its book valu at
the end of 8th year. Using this, also find average rate of depreciat in.
- 8L

frafafla & & ¥ A g L

#) & ¥ ¥ fAv 6,000 T 9fy 9§ & v Fad HT Wd(income stream) F TIAA Hed FT {7?

I 3 6% Ui a¥ i & F AR e A S @R

maﬂaw7a¢$mﬁ5,oo.ooommm§|aﬁmﬁfﬁas%%’,a‘rmm ¥

m

)

3)

W 3 Frael AR STAT e @Rl s Suiea TR wied g w4

Y 3F0T B B FAON F 3 H a9d @A F 4,000 FGF FTAT FF I 3& Hr Rew F e 7
AT FT RS ¥ Iger FAY 3AR 38 F 158 SeAed & 6 Wee ag 3R Rl g 3 A
A& ¥ 21 W B 37 A B I WSS W 5% Y A snguariie whe ¥ @ A A
TRY F gar F|

U 75 A Q@ B e F A1) Wiy a¥ 45,000 F9A A I (AT FUA T AH) FF T
3 &1 Feler 9 A 2,00,000 T9A § AR G W F AOIG &S GAGHT T BT AT Tl 1
T@ R & AT HoT T FHET A W 6% id a¥ A X ¥ gig GA aides Bt H o7 T
TR S Fehat ¥ T yaua H 7 @l aRu?

uF el @ A % 75,000 ¥ AR zEST wgw 5 asf & fAw 10% wfy a¥ #ir o & HK T
3T 3 ant & AT 12% iy a¥ # & ¥ Aegerw R ST g A g A AT F AR Y
B o ¥l 8% af & 3T F gHH §F dcg(Book value)Ard HIfITI A 39GNT A T,
Aederd @ ed T Fa fifSwl 5/5,5
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