Solution of ISC Examination Questions 2020

SECTION-A
Solution 1
(i) Here, * is defined by a = b = |a — b|
Let a, b €R be any two elements.
Then, a*xb=la-Db
and bxa=1|b-a
=|-(a-b)l
=la -l
axb=bxa
Hence = is commutative on R.
Since, a*xb=la—Db
(=3) =2 =](-3) -2
=|-5] = 5.
(ii) Let sec'2=a = seca =2
and cosec '3=4 = cosecB =3

Now, tan’ (sec’1 2) + cot 2 (cosec™! 3)
= tan’a + cot’ 8
= (sec2a -1+ (COSCCZ,B -1
=sec’a + cosec2,6 -2
=27+ (3 -2=11.

20 a b+c

(iii) Here, A=120 b c+a

20 ¢ a+b

Applying C3 — C5 + Cy, we get

20 a a+b+c

A=120 b a+b+ec
20 ¢ a+b+c

On taking 20 common from C; and (a + b + ¢) common from Cj, we get
1 a1
A=20a+b+c)l b 1
1 ¢ 1

=20(@+b+c)-(0)=0. [+ C and Cj are identical.]

2 31 -3] [4 6
(iv) Here, {5 7}[—2 4} =[—9 x:|
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[(2)(1)+(3)(—2) (2)(—3)+(3)(4)] _ [—4 6}

G +(ME2) G +M@]  [9

-4 6 -4 6
= =

-9 13 -9 x
Corresponding elements of the above two matrices must be equal.

z =13.

(v) Here, x>+ y3 = 3azy

Differentiating both sides with respect to z, we get

d 5 d 4 d
_— +— — _—
iz (=) I (¥°) =3a 10 (zy)
dy d
= 32+ 3= =3 il }
T Y da a{zda:-%y
d d
= 24 2% _ e
xr Yy dm a:cdw ay
d
= Y - az) = (ay-2?)
dz
2
N @ _ay—=w

dz y2—aw .

(vi) Let ‘a’ denote the side of a cube and V'the volume of cube at instant £.

Then, V=d®

Differentiating both sides with respect to ¢, we get
av d
av _ g2%e
dt dt

But, % =10 cm per second

v _ 3a%(10) = 30a”
dt
Now, (ﬂ) — 30(5)2 = 750
dt a=5

Hence, the volume is increasing at the rate of 750 cu cm per second.

z-5 ifa:520_{ z-5 ifz=>5

(vii) Here, |z —5|= . = .
—(x-5) ife-5<0 —(z-5) ifx<b

) 5
The integral L |z —5|dz

| @-5)ds

|
|
| —
N8
Do
|
oy
8
| C——
'y S
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(viii)

(ix)

(x)

{202

N
- [ 2 (12)]

I}

|

|
DO | =
N—

I}
DO | =

Here, yz = 4azx (1)
Differentiating with respect to x, we get
Zyd—y =4a
dx

Substituting this value of 4a in (1) we get

which is the required differential equation of the given curve.
Let E be the event defined as follows:

E : Drawing a white ball.
5

PE)= 6 [~ There are 16 balls out of which 5 are white.]
and P(E)=1- P(E)
_, 5.1
16 16
Required probability = P(no ball is white)
= P(E)P(E)P(E)P(E)
11 11 11 11 (11)4
= —X—X—X—=—] .
16 16 16 16 16
1 3
Here, P(A)= 3" P(B)=pand P(AU B) = re
As A and B are independent events
P(ANn B)= P(A)P(B)
_lo P
=3 (p) = 2
Now, P(AuB)= P(A)+ P(B)- P(An B)
3 p
= — 4+ p—=
5 2 P
= § = l + £
5 2 2
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- p_3_1
2 5 2
p_ 1 1
= —_ = — = = —.
2~ 10 P=5
Solution 2
3x+4 7
Here, f:R— R, defined by f(z) = = g+ +
be —17 5
Te+4 3
and g:R — R, defined by g(z) = z , Tt —
5z —3 5
gof:R — R such that
(go f)(z) = g(f())
_ (3m+4)
N5e—17
7(3a:+4)+4
bx -7

5(3m+4)_3
bx—T7

1Bz +4)+4(Bx—"17)
~ 5(3z+4)—3(Bz—17)
_4lz
T4

=.
and fog:R — R such that
(fog)(@) = flg(2))

Te+4
- f(5w—3)
3(7w+4)+4
_ 52—3
5(7m+4)_7
5z—3
3(7Tz+4)+4(5z—3)
5(7Tx+4)—"T7(5z—3)

41x
=— =¢.
41
Hence, (go f)(z) = (fog)(z).
Solution 3
(a) Here, (;()s_1 % + COs_lg =60
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=

o - -1

6 4 9 36
zy _
6 —cos @ =

Squaring both sides, we get

2, 2
Ty

2 2

Ty Y

2 os 0+ -+ -
3 9

—+cos20—2ﬂ-cosﬁ =1- w__y_+a: y
36 6

0

4 9 36

1-cos’@

~12zy cos 0 + 9z + 4y® = 36 sin” 0
9z” - 122y cos 6 + 4y2 = 36 sin” 6.

OR

(b) Here, cos (2 cos 'z +sin”! x)

Solution 4

=cos (cos"1 z+cos lz+sint )

-1 T
= CO0s| CoS $+§

7T -1
=CoS| —+cos =z
2
— -1
= —sin (cos™ x)

= —sin |:sin_1 V11— z? ]

= \1-2*

1l

|

[y

|
/N
ot | =
~—
[Sv]
/N

f<+)

8

8

Il

|
N————

Here, LHS.=|p = ¢

[On applying C; — C; — Cs]
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1p
=(x-pl|-1 =z [On taking (z — p) common from C|]
0 ¢
1 p g
=(@-p)|0 z+p 2q [On applying R, — R, + R,]
0 q T
=(z-pl(z +p)z - 27"] [Expanding along C4]

=(z - p)(@® + pz — 2¢°) = R.H.S.

Solution 5

Here, f(z)= -1+ cosz on [0, 27|

Clearly f(x) is defined for all z €[0, 27]

Since, constant function and cosine function, both are continuous and differentiable everywhere

Also, the difference of continuous functions is continuous and the difference of differentiable functions
is differentiable.

Therefore, (i) f(z) is continuous on [0, 27].
(i) f(z) is differentiable on (0, 27).
f/(®)=-sinz
(i) f(0)=0, f2m) =0
So, f(0) = f(2m)

Since, the conditions of Rolle’s theorem are satisfied, then there must exist at least one value of ¢ € (0, 2m)
such that

f©=0
= —sinc=10
= sinc=0
= c=0,m 27
= c=m €(0, 2m)

Hence, Rolle’s theorem is verified for f(z) =-1 + cos  on [0, 27].

Solution 6
Here, y=e" sinl2 (1)

Differentiating both sides with respect to z, we get

Ay _ gmsnLe di (m sin”' )

dx T
R dy _ [ m [Using (1)]
dz Vi—2?

= V1-2? Z—Z =my ..(2)

Differentiating both sides with respect to z, we get
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2
V1-—z? M+@(——m 2) =md—y
1

dz? dz —z dz
2
= (l—wZ)d—g—w@=m\/1—m2d—y
dz dzx dz
2
= (1- mZ) 3732/ -z % = mzy. [Using (2)]
Solution 7
(a) Here, the given curve is y2 = p$3 +q (1)

Also, the given point on the curve is (2, 3)

3?*=p2)’+q
= 9=8p+gq ..(2)
Differentiating both sides of (1), with respect to z, we get

d
292 = p(3a?
dz

2
- dy _ 3plz”
dz 2\y

The slope of tangent at (2, 3) is

2),.-¥(2)-
N = |5 =4P
dz (2,3) 2 3

Also, the slope of given tangent (y = 4z + 7) is 4.
2p=4 = p=2
Substituting p = 2 in (2), we get
9=82)+q = qg=-7
Hence, p=2 and g =—7.

OR
(b) Here, lim ze” —logA+x) [9 form:|
z—0 5122 0
= lim toe” - log(l to)) [By L’ Hopital’s Rule]
z—0 | (;c )’
[ €T x 1
- lim| (@€ *e )71.4.33 [Qform:l
z—0 0
L 2z
oo 11
= lim| {(#¢" €)1 [By L’ Hopital's Rule]
T—>
L (22)
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ze® +e”1+e” +

= il_f)r(l) (1+w)2
2

_0+1+1+1 3

2 2"
Solution 8
1 1
(a) Here,J-;da:: —J—dm
bz — 42> 2 §x7m2
4
1
= —J 1 dr

27 /5 9 25 25

I
I
Z.
B

OR

(b) Let I =_|‘sin3 zcosz dz = Jsina) sin? z cos* z dz

= Jsinm(l —cos® z)cos* z dz

Putcosz=y=sinz dr=-dy

1= -Ja-vw'dy

= [@® -y dy
7 5

= §L__§L_+_C
7 5

7 5
COS * COS T
=8 D%, e
7 5
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Solution 9
2 dy o
Here, (1+2z%)— =4a” - 2zy
dx
2
- dy, 2y Az
dr 1+=z 1+z
o . . o dy . 2z 42”
which is linear differential equation in y of the form —= + Py = Q with P = 5 and Q= 7
dz 1+z 1+z
2z d
: : JPdm 1+$2 *
Now, integrating factor, I.F. = e =e
— elog(l + 22)
=1+2”

General solution of given differential equation is

y(IL.F) = jQ (LF)dz +C

4232 2
= y(1+z% = (1+z%dz+C
'|.1+av2
= y(l+z%)= f4m2dw+C
25
= y(1+w2)=4?+0

which is the required solution.

Solution 10

Let E, F and G be the events defined as follows:
E : A hits the target.
F': B hits the target.

G : C hits the target.
5

= 5 1
P(E)= — PE)=1-P(E)=1-2==
( 5’ (E) (E) 56

4 = 4 1
P - — PF=]_—P =1-=-==
(F) = (F) (F) S5

_3 T _,.3_1
P(G)—4, P(G)=1-PG)=1 1- 1

Events E, F'and G are independent.
(i) Required probability = P(A hits, B hits, C fails) + P(A hits, B fails, C hits,) + P(A fails, B hits,

. . B C hits)
= P(E)P(F)P(G)+ P(E)P(F)P(G)+ P(E)P(F)P(®)

(541)(513)(143)
—X=X—|+| =X=X—|+]| =X=X—
6 5 4 6 5 4 6 5 4
20 15 12 47

+ + = .
120 120 120 120
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(i1) Required probability = P(at least one person hits the target)
= 1 - P(none of A, B, C hits the target)

=1- P(E) P(F) P(a) [ Events E, F'and G are independent
so, E, F and G are also independent.]
(1 1 1 )
1-|=Xx=%x—
6 5 4
_1 1
120 120°

Solution 11
Here, the given system of linear equations is

z—-2y=10
20 -y—-2=8
2y+2z=17
This system of equations can be written as
AX=B
(1 2 0 z 10
where, A=|2 -1 -1|,Xx=|y|,B=|8
|10 -2 1 z 7
1 -2 0
Now, lAl=2 -1 -1 =1(-1-2)+2(2-0)+0(-4-0)=120
0 -2 1

As |A| %0, A" exists and the given system of equations has a unique solution
X=A"'B
Let A;; denote cofactor of a;; in A = [a;].

So, the cofactors of the elements of A are

-1 -1 20 20
A11=(—1)1+172 1‘ T A21:(—1)2+1_2 1‘ =2, A31:(_1)3+1—1 —1‘ -
2 -1 1.0 0
142 - =(=1)2*2 = =(-1)°"? =
Ap=C1 0 1‘ > Az =) 0 1‘ b Aa2= D) _1‘ 8
2 -1 1 -2 -
— 1 1+3 - =(~1)2"3 = =(-1)3"3 =
A13—( 1) 0 _2‘ 4, A23 ( 1) 0 _2‘ 2, A33 ( 1) _1‘ 3.
Ay Ay A4y -3 2 2
adj A=Ay Ay Ap|=|-2 11
Ay Ayy Agy -4 23
-3 2 2
Now, Al= L(adj AH=|-2 11

4] -4 2 3
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z -3 2 2||10 0
X=A'"B=|y|l=2 1 1| 8|=|-5
z -4 2 3| 7 -3

= z=0,y=-5,2z=-3

Hence, the required solution is = 0, y = -5, z = -3.

Solution 12 o

(a) Let R be the radius of base and H be the height of the cylinder.
Surface area of cylinder, S =27 RH + 27R?

— ——

2
- H= S—-2mR” (D)
2rR =
and its volume, V' = rR’H l~R—l
2
- nR? (Sﬂ) [Using (1)]
27R
1 3
= 5 (SR -27R°)
d_V = l (S— 67rr2)
dR 2
d
Now, v _y :1(5—67@2):0
dR 2
= S = 6rR?
= R = i
d2V u 671'
AISO, dR2 =— 67TR

2
B} (_d g) :_eﬂ( /ij <0
dR” Jp-Js/6x 6m

Volume is maximum when R = 6i or S=6rR?
\ 67

Putting S = 6mR? in (1), we get

2 2
H= bnR_—2nR” =2R or R= 7

2R 2

Hence, the volume of cylinder is maximum when its radius is equal to half of its height.
P
OR
(b) Let!be the length of hypotenuse and L PQR =6 (O <f< %) l
of a right-angled triangle PQR.
QR=1cosf@ and PR=1Isinf A []
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Area of AABC,
1
A= 3 (I cosB)(l sinB)
1 5 .
= 3 (17 sinf cos )
l2
= T (sin 26)
2 2
l
Also, ﬂ = l— (2 cos 260) = —cos 260
do 4 2
2 2
and % = %(_2 sin 20) = —1% sin 260
12
Now, ﬁ=0 = —c0s20=0
do 2
= cos 20 =0
= 20 = z
2
= 9 = %
d’A ) n
Also, —_— = —["sin2 (—)
do? Jy_m 4
4
= PsinE =_12<0
2
Area is maximum, when 0 = g .
QR=lcos% = é andPR=lsin% = LZ = QR=PR

Hence, the triangle is isosceles.

Solution 13

l-=z

dz

-1
= | tan
(a) LetI _[ e

Put £ = cos@ = dzx =-sinf db

1 [1—cos@
1+cos@

I= '[ tan~ (-sin6)dl = _[tanf1

—J tan ! (tan gj sin@ d@

_jg sin@ d@

1
- f—jo sinf dé
2
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_ _%[GfsinG do—j(%(o)jsma do)de}

= —%I:O(f cosf)— J.l(f cosf) dO]

_ 7%[_0 cosf+ fcosf df |
_ _% [0 cosf + sind] + C
%[0cos0—sin0] +C

= %[(cos_l ) o—1—cos?8 |+ C

OR
(b) LetI= jﬂdm - jﬂ - (D)
2’ —z-2 (z—2)(x+1)
2 +7 A B
Put = + .(2)
(z-2)(z+1) z-2 z+1
= 20+ 7= Az + 1)+ B(z-2)
= 20+ 7= (A+B)z+(A-2B)
Comparing coefficients of & and constant terms on both sides, we get
A+B=2 and A-2B=7
Solving these equations, we get
A= H, B= 2
3 3
Putting values of A and B in (2), we get
2¢+7 11 5
-.(3)

(z-2)(z+1) 3(@-2) 3(@+1)
From (1) and (3), we get

I=E 1 da:féj. 1 dz
3'z-2 37z+1

11 5
= Eloglw ~2| fgloglm +1|+C.

Solution 14

Let p denote the probability that a bulb will fuse after 150 days and g denote the probability that the bulb
will not fuse after 150 days.

1
p=005= . g=1-—=—, n=>5
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Probability function P(X = z) = 502 p°g°°
(i) Probability that none of the bulbs will fuse after 150 days

5
. 19 19
ie., P(X=0 50( )( ) (—)
@@= i) (20 20
(ii) Probability that not more than one bulb will fuse after 150 days
ie., P(X<1)=PX=0+P(X=1)

- 1 5-1
) () +7ea) ()
20/ \20 20/ \20
(5) (a5
— | +5
20 20/\20
_»[19+ 5](19) 23(19)4 6(19)
20 2020 20\ 20 5\20
(iii) Probability that more than one bulb will fuse after 150 days
ie., P(X>1)=1-P(X<1)

e 6(19) |
20

(iv) Probability that at least one bulb will fuse after 150 days
ie., PX>21)=1-P(X=0)

(3]

SECTION-B

Solution 15

(a) Let a = i—2 j —2k. Then, unit vector in the direction of a is given by

. a  i-2j-2
a = T = =
lal |5 -2 2|
- i-25-2k i-2j-2
VAP + (2% +(-2)° 3

18. @ = 6(i —2j —2k).

Required vector = 18a =
(b) Here, the given lines are
z+1l  y-2 z+3 z-1 y+2 z-1
= = and = =
2 5 4 5 2 -5
The direction ratios of these lines are 2, 5, 4 and 5, 2, —5.
Leta;=2,b;=5,¢c;,=4anday=5,by=2,¢c9=-5

If « is the angle between the two lines, then

a,ay + b by +cicy |
2 ,,2, 2 2 2 2
‘\/al +b +¢ \/a2 +by" + ¢y ‘

cosa =
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2)(5) + (B)(2)+ (4)(-5) |
J@72 + (5 + @2 5) + @7 + (5|
10+10-20 ~0
J45 /54
= a = 90°

Hence, the required angle is 90°.

(c) Here, the direction ratios of the line joining the points (4, 5, 0) and (1, -2, 4) are
1-4,-2-5,4-0,ie.,-3,-7,4

Equation of any plane which is perpendicular to a line whose direction ratios are —3, -7, 4 is
Bx-Ty+4z= X (1)

This plane passes through (2, -3, 1)

-3(2)-7(-3)+4(1)= A

= A=19

Substituting this value of A in (1), we get
3z -Ty+4z=19

or 3x+Ty—4z+19=0

which is the required equation of plane.

Solution 16
(a) Here, a- [(b+¢)x(a+3b+4¢)]
[(Bxa@)+3(bxb)+4(b X&)+ (E xa)+3(Exb)+4(Ex7)]

=G

= d- [(bxa)+4(bx2)+(Exa)+3(Exb)] [~ 6xb =0, exé =0]
=G (bxa)+4d-(bxc¢)+ad-(¢xa)+3d-(¢xb)

= 0+4a-(bx¢é)+0-3d-(bx&) [ eéxb=-bxé

4G - (bx&)—3d - (b x¢)

@ (bxc)

=[abe].
OR
(b) Given a AABC with vertices A(3, -1, 2) B(1, -1, -3) and C(4, -3, 1). ¢
Then, AB = Position vector of B — Position vector of A

= (i—7-8k)— (33— j+2k) = —2i —5k.
and AC = Position vector of C — Position vector of 4
= (46-3j+k)—(3i—j+2k) =i -2j k.
i j ok
Now, ABxAC =|[-2 0 -5
1 -2 -1



SEQ.16 ISC Mathematics — Class XlII by Gupta—Bansal

= §(0-10)— j(2+5)+k(4—0) = —10i —7j +4k

= [4Bx4C| = V107 +(7)* +@)* = V165

1 ., 1
Area of triangle ABC = E'ABXAC| = Ex/165 sq units.

Solution 17

(a)

(b)

Let R be the foot of the perpendicular from P(3, -2, 1) on the plane P3,-2, 1)
3x—y+4z= 2 ..(1)
Direction ratios of the normal to the plane are 3, -1, 4.
Direction ratios of line perpendicular to plane (1) are 3, -1, 4. R
So, the equation of line passing through P(3, -2, 1) and perpendicular
to plane (1) is .3 :y_+2: -1 -
3 -1 4
Let z—3 :y+2 _ z—1 ~ @
3 -1 4
Then, z=3A+3, y=-A-2, z=4X+1

Any point on line (2) is R(3A + 3, -A— 2,4\ + 1)
If R lies on the plane (1), then
3BA+3)—(-A-2)+4(4X+1)=2
= 26A+13=0
1

= A=——

2
The coordinates of the foot of perpendicular, i.e., the point R are

(B (2o (330

Let Q(a, B, ) be the image of point P(3, -2, 1) in the plane (1), then R is the mid-point of PQ.

3+a _ 3 -2+8 3 l-l—_'y_1
2 2’ 2 2 2
= a=0, B =-1, v =-3.
Hence, the image of point Pin the given plane is (0, -1, —3).
OR
Here, the given lines are
— +1
£=£=£and$+2=y 1:z
1 2 3 -3 2 5

Direction ratios of the given lines are 1, 2, 3 and -3, 2, 5.
Let direction ratios of required line be a, b, c.
Since, the required line is perpendicular to both given lines.
lra+2:6+3¢c=0 (D)
and -3a+2:b+5-¢=0 ..(2)
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SEQ.17

On solving (1) and (2), we get

a b ¢
10-6 -9-5 2+6
a b c
ie., — = —— ===
i.e 1 =Y 3 (say)

= a

4N, b=-14),c=8)
Direction ratios of the required line are 4\, =14, 8\, i.e., 2, -7, 4.
Also, given that the required line passes through (-1, 3, —2).

Hence, equation of required line is
z+l  y-3 z+2

2 -7 4
Solution 18

The curve y° = z represents a parabola with vertex at origin and it opens on the right.

The curve y2 =4-3z

4
i.e., y2 = -3 (x—g)

represents a parabola with vertex (%, O) and it opens on the left.

o ; I
Scale

=~

Along z-axis: 1 cm = 1 unit
\ Along y-axis: 1 cm = 1 unit

(V&)

—
y=vz

)

a1y —

=

) (4/3, 0)

8

8

rO

(€55
N

1SS

1 O
1
2
/ y:_\/;
3
4

y=—4-3z o

Also, the two curves intersect at (1, 1) in the first quadrant
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. Required area= 2 ! Jz—0)dz+ 4 4 -3z —0)dz | (Required area is symmetrical about z-axis.)
0 1

2“(1\/5 de+ j14/3\/4—3m dm]
4/3

1
2[2-;?/2] +2[2(433)3/2}
3 0 9 )

4 4
5(1—0)—5(0—1)

4 4 16
= —4— = —
3 9 9

. 16 .
Hence, required area = 3 $q units.

SECTION-C
Solution 19

(a) Here, cost function, C(z) = 35z + 250
Revenue function, R(z) = 60x
(i) Profit function, P(z) = R(z) — C(x)
= 60z — (3bz + 250)

=25z - 250
(ii) At break even point, P(z) =0
= 26z -250=0
= z=10

Hence, the break even point is = 10.

(b) Here, R(z) = 100z — z° - z°

R(z)

Tz

_ 100z — z® —z®
B r

=100 -z — 2>

(i) Demand function =

(i) Marginal revenue function = di R(x)
Tz

= di (100x - z? - mg)
T

= 100 - 2z - 32>
(¢) We know that the regression lines pass through (z, ).
4z-2y =4 and 2zx-3y+6 =0

Solving these two equations simultaneously, we get Z = 3 (the mean of ) and ¥ = 4 (the mean of y).
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Solution 20
(a) Here,r=0.6, z =10, § =20, o> =225and o, =400
Now, 02 =225 = o,=15 and o) =400 = o,=20.
g
by=r—=  and  b,=r—~
g Oy
y
15 20
=06|— =06|—
(20) (15)
_ 9 _4
20 5
(i) The regression equation of y on z is
y—20= é(:L'— 10)
5
= S5y — 4z = 60
The regression equation of & on y is
9
-10= —(y-20
z 20 (y-20)
= 20z -9y =20
(i1) Putting = 2 in regression equation of y on x, we get
5y —4(2) = 60 = 5y =68
= y= 68 or 13§.
5 5
OR
(b) We have the following table:
Z; Yi T;Y; -Tiz yi2
2 8 16 4 64
6 8 48 36 64
4 5 20 16 25
7 6 42 49 36
5 2 10 25 4
Sz, =24 Sy, = 29 Sz, =136 Tz,? =130 Yy, =193
Here, n = 5.
_ nizy; —(Zz;)(Zy;) _ 5(136) —(24)(29)
v nZz? —(Zz;) 5(130) — (24)>
_ 680—-696
650—-576
16 8

74 37
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_ nXzy; — (Zx;)(Zy;) _ 5(136) —(24)(29)
nZy! - (Zy;)* 5(193) — (29)°
680 — 696
965 — 841
16 4

124 31

8 4
‘We have, r’=b by, = (__)(__) _ 32
ve 37)U 381) 1147

f 2
Hence, r=— 3— =-0.17. [ r<0,asb,,b,, <0]
1147 yer wy

Solution 21

(a) (i) Here, marginal cost function, MC = 30 + 2z

zy

The cost function is given by
Cle)= [MCde= [ (30+22) da
=30z + 2>+ A (1)
Given fixed cost is ¥ 200, when z = 0
200= 3(0) + (02 +X = A=200
Putting A = 200 in (1), we get
C(z) = 30z + z° + 200
Hence, total cost function, C(z) = 30z + z2 + 200.
(ii) The cost of increasing output from 100 to 200 units is
= C(200) - C(100)
= [30(200) + (200)* + 200] — [30(100) + (100)* + 200]
= 46200 - 13200 = 33000
Hence, the required cost is ¥ 33000.
OR

1
(b) Here, cost function, C(x) = ga:?’ — 522+ 30z - 15

and revenue function, R (z) = 6z
Profit function, P(z) = R(z) — C(x)

6z — (%;«3 — 5z +30m—15)

1
—§w3+ 5z — 24z + 15

dP

1 2
- = . +1 24
-~ 3 Bz") + 10z

= 2’ +10z—24
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d*p
and — = -2z + 10
dz
Now, ‘;—on > —22+102-24=0
z 2 _
= z°—-10x+24=0
= (x—4)(x-6)=0
= z=4,6
d*pP
Also, (—2J =-2(4)+10=2>0
d:E r=4
d*P
— =-2(6)+10=-2<0
dw =6

Hence, profit is maximum when z = 6.

Solution 22

Let « be the number of half sleeves shirts and y be the number of full sleeves shirts to be manufactured
per week.

Let total profit=3 Z

We can represent the given L.P.P. in the following tabular form:

Half Sleeves Full Sleeves Requirement
Profit (in 3) T 1.50y Maximise
M, x 2y At most 40
M, 2z Y At most 40
M, g z % Y At most 40

Hence, given L.P.P.is  Maximise Z =z + 1.50y

subject to constraints

z + 2y < 40, 2z +y < 40, §m+§ys 40, z 20, y=0

i.e., 8z + 8y < 200

ie, x+y< 25
We consider the following equations

z+2y=40 2z +y= 40 z+y= 25 z=0, y=0

T 0 | 40 T 0 | 20 T 0 | 25
y |20 O y 40| O y 256 0
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The feasible region is bounded, as shown shaded in the graph.

Scale
Along z-axis: 2 cm = 10 units
Along y-axis: 2 cm = 10 units

%

10
5
, D
T &
o 5 10 15 2 ZEXO\ 35 40 5 50
8 8
—x+—y <40
y 22 +y < 40 5" 75" [+ 2y <40
The values of Z at corner points are as follows:
Corner Points Value of Z (Z = z + 1.50y)
A(0, 20) Z =0+ 1.50(20) = 30
B(10, 15) Z =10+ 1.50(15)=32.5
C(15, 10) Z =15+ 1.50(10) = 30
D(20, 0) Z =20+ 1.50(0) =20
0(0, 0) Z=0+1.5000)=0

Since the feasible region is bounded and 32.5 is the maximum value of Z at corner point.
32.5 is maximum value of Z in the feasible region at z = 10, y = 15.

Hence, the number of half sleeves shirts = 10, number of full sleeves shirts = 15 and maximum profit
=3 32.5.
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