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Chapter 1

Equations and functions I

1.1 (i) p dg (i) p Expenditure
0 48 0 0
3 36 3 108
6 24 6 144
8 16 8 128
12 0 12 0
(i) p=12-3q,
p
Demand curve
12
48 dq
1.2 (i) f(0)=a, f(4)=a+b4, f(d)=a-+bd (iiiy p=—2+1q,
(iv)
p
/ Supply curve
a
Vi
/7 GR
1.3 (i) Y C (i) c(0) =100
200 260 c(120) =196
201 260.8 c(345) = 376
250 300 c(m) =100+0.8m
275 320
336 368.8 c(0)is consumers’ expenditure
480 484 when income is zero.
(iii) S=-100+0.2Y
(iv)
C.S C =100+ 0.8Y
100
- S=-100+0.2Y
50 Y
~100
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(V) Y C Ac
AY
200 260 AC is the marginal propensity
0.8 AY
201 260.8 to consume defined in terms
0.8 of differences.
250 300
0.8
275 320
0.8
336 368.8
0.8
480 484
14 (i) L 0 1 4 9 25 | 100
q 0 6 12 18 20 60
(i) L q % A4 js the marginal product of labour
AL
0 0 defined in terms of differences.
6
1 6
2
4 12
1.2
9 18
0.75
25 30
04
100 60
(iii)
q q= 6L This graph is called the total
product curve.
L
1.5 (i) L 0 1 4 9 16 18 36 27
4 4 4 4 4 8 9 12
q 0 40 80 120 160 240 360 360

(i) £(0,0)=0, f(7,28)=280, f(a,b)=20(ab)**, f(L,,K,)=20L5°K2®
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(iii)

q K=4 Total product of labour curve
L
. 36
Iv) L=—
(iv) "
(v)  Six possible combinations are: 2 3 4 6 9| 18
18 12 9 6 4 2
(vi)
20" This graph is called an isoquant
or ‘production’ isoquant.
15
10
5
q=120
U
0 5 10 15 20 K
1.6 (i)
P
20
4
4 qd ! qs
(i)p=10,04 =9, =2 (ii)q =3 (iv) No

1.7 (i) C=25+1Y

C

25

o
=<
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(i) C=325
(iii) S=-25+1Y

S

18 (i)

140

11% Ay
(i) a4 =4
(iii)

165
140

p =140-12q) p=165-11q,

112 5 q,
p=121, p=78+1%q,
19 () p=6 (i) 331%
1.10 (i) C(x) =116+ 30x (i) 7 =60x—x*-116 (iii) x=30
T
€ 784
116
X 2 30 58 X
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1.11 r=0.0744

1.12 g, =11and q, =8

0
— q1=15—%q2
19
- q2:19—q1
15
;3 19 30 0,
113 a Y=a+'1+ci)_bT . C=a+b(Y-T), Ry =T
b. :a+I+G1 C:a+b(1—t)l+b(1—t)G, R a+l+G
1-b+bt 1-b+bt 1-b+bt

1. The equilibrium level of income is reduced:

Without taxation: y_atl+6
1-b
With lump-sum taxation: y=af ';i -T
With proportional taxation: y_at+l+G
1-b+bt

2. With proportional taxation the value of the multiplier (m) is also reduced thus reducing
the effect of a change in autonomous expenditure.

Without taxation: m= 1
1-b

With lump-sum taxation: m= ﬁ

With proportional taxation: m= !
1-b+bt

114 () lim s(q,) =125, lim s(q,)=80 (i) p=26, q=3
g, —0" Qs —>©
115 (i) p=6, q=2 (i) T =11

1.16 X=72,y=1and x=2, y=36

117 g, =15, g, =50
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118 (i) p=64, =4

1.19 (i) Country A: x=10, y=20 CountryB: x=6, y =36

(if) Country A:

y
20 Production possibility set — all points in
the area shaded green or lying along the
production possibility frontier
10 X
Country B:
y
36 Production possibility set — all points in
the area shaded green or lying along the
production possibility frontier
6 X

(iif) Country A: 2.2 units of food  Country B: 6 units of food
Opportunity costs are increasing in A and constant in B
(iv) Resources are not used efficiently
(v) Yes
(vi) Forexample: Country A: x=8,y=7.2 CountryB: x=1,y=3
(vii) y =24 -2 x?

L Production possibility frontier after technological development
24
20
10 16 X

(viii) The production possibility frontier is the consumption possibility frontier.
120 C=f(Y)=—35Y*+2Y
1.21 (i) o = 0.5 (it) Two possible combinations: L=4,K =50 and L =25,K =20 (iii) g*=14

1.22 (i) x=4 (ii)) x=116, y=1 (iii) One of an infinite set of bundlesis x=20 and y =25
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1.23 (i) ¢(0) = 80, d(0) =200 (ii) r(x) = 200x — 05x>

| R 10 AR
124 a (i) R=pg=10q, A =R=100_10 m 2R _qg
() R=pg=10q =0 g "= Aq
(i)
R AR
R =10q A A
A, =M, =10
q q
2
b. (i) R=pq=(40-2g)q=40q—2¢°, A, =R_300=20" _,4 5,
qa  q

(i) R is defined by a quadratic equation and A, by a linear equation.

(iii) Both are linear and have the same y-intercept. The marginal revenue curve is twice as
steep as the average revenue curve.

(iv)

(if) Ris defined by a quadratic equation and A, by a linear equation.

(iii) Both are linear and have the same y-intercept. The marginal revenue curve is twice as
steep as the average revenue curve.

iv
vy
200
20 q
drR
R dq
\
\
\
\
\
\
AY
\
\
\
\
\
\\
10 20 g
(v) g=10, M;=0 (vi) g=0and q=20
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1.25 (i)

C q=5A =42, M, =42

500 - o
400
300 -
200 -

100 + o

o
1
1
1
1

0 2 4 6 8 q
——— \\ J
. . 4
Marginal costis  Marginal cost is increasing
decreasing

M. =g(q) =69* —36q + 72
300 -

250 - A:=E=2q2—18q+72+5—0

q q
200 -
150
100

e
50

O T T T
0 5 10 15 9

1.26 (i) p=3, =39, consumer surplus =380.25
(i) p=6, =33, A consumer surplus =—108
(111) Consumers’ share is %, Producers’ share is %
1.27 (i) x=4andy=20 (i) x =5, price has fallen by £1.8.
128 ¢q,=8, q,=3,0,=5, p=137.2
1.29 q, =48-0.4q,, g, = 40—0.5q,.

1.30 (i) Q=13,500,000 (i) Q=14,435471
(iii) In the seventeenth month, output will be 20% above its current level.
(iv) r=0.039 or3.9%

1.31 a. The tariff is reduced to £3 per unit:

A consumer surplus = 348, A producer surplus = —306, A total surplus = 42
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b. The tariff is abolished:
A consumer surplus = 768, A producer surplus =-600, A total surplus =168
1.32 (i) q=220-10p
(i)
R q=110,R=1210

1,210 oo

0 110 220 q

(ili) gq=1250rqg=120
1.33 (i) R=160q-50q° (i) g=32-0.2p (iii) p=80

1.34 q=256

1.35 (i) Consumer surplus is1,638.4, Producer surplusis 2,457.6 (ii) The tax imposed is 4.

(iii) R =480, Consumers’ share is 40% . Producers’ share is 60% .

136 (i) p=6,q=14 (ii) Total revenue to producers is £176 .

(iii) a. The lump-sum subsidy is 4. b. The proportionate subsidy is 0.5.
(iv) Adopt one of the subsidies.

. N p=5 p=10| ..
1.37 =2y, q=9y. Wh =4, , Wh =8, . Yes.
() p=3y, a=9y. (i) Wheny {q:%}weny {q:n} (i) Yes

138 (i) Y =4,000 (i)Y =4600 (i) Y = 4,200 (iv) t:%

1.39 (i) p =50+ 30q, The supply function (ii) p=160—2q, The demand function

(ili) p=20+4qg, Notan economic function.

140 g, =60

1.41 (i) p=10, q=2,000

(i1) 1. A subsidy of 1.8. 2. The government must purchase 450 tonnes. 3. The subsidy.

142 (i) y=5 (i)x=4 (i) x=2, y=3
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(iv)

4 X

(v) Efficient use of resources, (2,3) , unemployment, (1,3), unattainable, (3,2)

143 (i) Y =M (i) m =; (iii)a. C=180+0.8Y, b. AY =120
1-p+pt 1-p+ ¢
144 (i) a=05
(i) 15x+3y = |
Y u=9
435
15x+3y =130.5
87 X
Yes

(i) x=16, p, =2

(iv) One of an infinite number of bundles is x=56, y =4. An income of 124.

1.45 (i)
p
Qs
F
12
10
qd lqs
p=16, q=16

(i) p=22, q=32

(iii) Before the shift in the demand curve the market is unstable, after the shift it is stable.
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Chapter 2

Equations and Functions Il

2.1

2.2

2.3

2.4

2,5

2.6

2.7

2.8

2.9

(i) p=4,q=4.
(if)

qd 1 qs
(iii) A subsidy of 9.32.
(i) C=5q°
.. . 40 . 40
(if) Average fixed cost = —, Average variable cost = 5q, Average total cost = 59 + F
q

Rational functions

I+,/%22-120t

5(1—t)

) p=3.q=4 (ii)qdz% (iii) p=

(i) x, =20 (i) No
(iii) Three possibilities: x, =16, x, =15,616, x, =14, X, =21,024, x, =12,x, = 25,088

(iv) a=13824, b=0.4
y+a o _as-py  pST B

. .. o
(|)p_m+m, q Gve  pio (i) Ap_mAT, Aq_—mAT

(i) r=0.02 (ii) 175.47 tonnes
(i) p=11, g=192 (i) q4 =110—-4p, an inferior good
a. Y =1362, budget deficit b. Y =1312.5, budget surplus c. Y =1,245, budget surplus

(i) y=20 (i)x=10 (iii))x=5,y=15 (iv)ja.x=5 y=14 b.x=5, y=16
(V) x=1295 (vi) y=245-0.15x.

2.10 (i)Y =1,600 (ii) Increase G by 256, reduce the tax rate to 2.4%. Policy A (iii) G = 4853

2.11 (i) p=2 (i) % change in price =50%), % change in quantity =100%

212 (i) y=104-8x, x=8 and y=40 (ii) y =90-6x
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2.13 (i)Y =3,600,C =2,360 (ii)Y = 4,200 (iii) Reduce G by 490, increase tax rate to 23.7%

2.14 (i) p=148,q =236 (ii) 216 (iii) p=214,q =381 (iv) Achange in consumer surplus = 877.5

215 ()p=2=L_ B q_20=W S®
o-p o-p o-p o-p
(i) Assuming this is a market for a normal good.
p
4 a>0,06>0 <0,7y<0
B
a-y
6-p
_r
a-y 6 55
5—-B 6-p
_7_5///////
5
as-yB  ads-yB  pBS SH U4,
5-p 5-B 6-p
(i) ¢ =| 2018 __PS |
o—-p o-p
2.16 (i)

72

S

® a4, 9
The degree of import penetration is 0.75.
(if) a. Revenue to the government is £36. b. The deadweight loss to society is 18
(i) a. £12 b. T=5% or T =64.
c. No domestic production, 13 tonnes would be imported. A tariff of 60 is needed.

" ~n (a
2T W a= sy nq_(n+1)(ﬂj

(i) Output in the oligopolistic market is 60% above monopoly output.

Iim( o J:ﬁ
e (N+1)8) B
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2.18 (i) p=10.6, g=26 (ii) Total revenue = 275.6. (iii) Producer surplus = 67.6
(iv) The price ceiling is 10.2, producer surplus falls by 10.

(a, —at,)+1+G b AY _ 1

219 (i) a. Y= =
1-a,(1-t) Al 1-a,(1-t)

(i) a. C=148+084Y, b. C=19078 c Y=1350  d. G=255

2.20 (i) y_oB+l+G . Coa +a(l-t)Y —a, +(1-t) a,+1+G
1-a,(1-1) 1-a,(1-t)
(i) Y =8,000

(iii) The government must increase expenditure by 720; a budget deficit of 220 will result.
The government must cut the tax rate to 11%.; a budget deficit of 400 will result.

221 (i)

400

' 80

ad, s
(i) 704 (iii) +
(iv)
Freetrade  Tariff  Subsidy
Total surplus 14,5511 145265 14,4813
A Total surplus relative to free trade -25 —692
Consumer surplus 14,440 14,0621 14,440
A Consumer surplus relative to free -377% 0
Producer surplus 1111 2333 186§
A Producer surplus relative to free trade 1225 75¢&
Government: costs 0 0 145
revenue 0 230 0

(v) The price and quantity traded in the domestic market would be the equilibrium values of
p=48and q=70.4. Producers would increase their surplus at the expense of consumers.

Consumer surplus: 12,390.4, producer surplus: 1,37632
2.22 (i) Above £2 (i)g=25 (iii) p=4,q=50 (iv) p=32.270%
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2.23 (i) x=5 (ily=8 (li)y=6.4 (ivyx=4,y=438

2 2

X y
V) Atx=2.5,y=6.928 Vi) —+—=1
V) y (Vi) 25 100
2.24 (i) p=10, g=48
(i) a. p=9.6 b. £1,255.176 c. A consumer surplus = —1,324.764
2.25 (i) p=10
(i)
p=97(a,)
P p=f(d)
8
35
qd ’ qs
@ii) p=9, g=12
=== Supply function after imposition of the
D p=9g7(a,)
p="f"(q,)
48 i
35 :
12 26 Qg0

(iv) Before the imposition of the tax, the equilibrium market price is 10. After its imposition
the equilibrium price is 9. However, after government intervention, at a price of 10 there
is excess demand so There will be pressures on the market price to increase rather than
fall to the new equilibrium of 9. The equilibrium in this market is (Walrasian) unstable.

a+e+(d+f)r,+G, C_a+be+(bf+d)r0+bGo
1-b S 1-b
(i) C=150+0.75Y —0.6r, 1 =3,000-4r (iif) 'Y =26,797.6

226 (i) Y=

2.27 (i) p:ZJ_r—;: q:a—b(

a—aJ: ab+p)-bla-a) af+ba forb+ 40

b+ p b+ b+
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(if) There is no unique solution to this model if b+ =0 = b=-p3

p R £>0

Ay a a

Ua» O

If b=—p and a=a then there is an infinite set of real values for p that satisfy this

equation so the model has an infinite set of solutions. In this case the demand and supply
functions are the same and so are represented graphically by the same line.

a
(i) Normalgood 1. >0 and a>« 2. a<0 and E>_%
p p
a>0 a>o a<0 E>_g
a a p
b b

a a 04,0 a a Uq5 9
Constraints on the parameter values
Both require p>0 q>0
a. 1 . .
_B > —  The slope of the demand function is greater than the slope of the supply function.
a_a
1 a>0, a>0 a>a )
2 a>0, a<0
a _a
3 a<0, a<0 a>a ——>—
g b
b. _tl) < 1 The slope of the demand function is less than the slope of the supply function.
a a
—_— < J—
4 a>0, a>0 a<a B b
5 a<0, a>0
e @
6 a<0, a<0 a<a B b
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Aq

/ Ug. ds

]

2. Qg
p q
/
“ 2 Jgds
a
b
3.
p Q4 q,
/ a
/ b
I a qd ’qs

(iv) p= 207

2.28 p, =20, q, =50, p, =112 in (5) gives ¢, =24.
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B
ds
p
dq
b
Aﬁ
a 3 qd ’qs

(b+p)° 24(c-y)a-a)
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Chapter 3

Differentiating a Function of One Variable

dC

31 —=2
dq a
C
C=15+q°
q
dc
@ G-
q
3.2 R=6x-0.8x?, aR_ 6 —16x
dx
R
3.75 75 X
drR
dx
3.75 X
dcC 1 . . : .
3.3 Vi 06+ Vo5 The marginal propensity to consume falls as income increases.
34 R_3
do
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35 (i) 3—(5:120L—3L2 (ii) {L/L> 20|

Q
1
1
|
0 20 40 L
dQ |
dL !
1
1
1
I
|
1
|
0 20 40 L
d’Q

dL’ |

/

3.6 @ =3.875

q
3.7 Let A = average fixed cost: A = —iz
dg q
2 2
3.8 ) X 47x+ 8,000 + 58,500 , dc () = 3 —94x +8,000, Average cost =3105,
X 10 X dx 0
Marginal cost =800

dQ

39 (i) a4 a+2bL  (ii) The law of diminishing marginal product is not operating.
3.10 (i) C=9g*-6q+25 (ii)a. C=305 b. C=25 (iii)q=1o0rq=25.

(iv) Average fixed cost: 25 , Average variable cost: q- 6, Marginal cost: (;—C =20-6
q q

3.11 (i)

<

Country A 1 Country B

10
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(i) Yes

(iii) Country A: opportunity cost is 0.5x so increasing, Country B: opportunity cost is 3 and so
constant.

(iv) Country A: y=120—--2x?, Country B: y=180—3x
Country A: r =0.0466, Country B: r =0.1067
Initially country B is producing relatively more capital goods than country A.

(v) (42,48) This production point represents a Pareto improvement because more of both
goods is produced at this point.

3.12 Firm 1: g =20, average cost=143. Firm 2: q =5, average cost=176. No.

3.13 d_q.Bz_ P :_(q+6)
dp q (p—100) 6
314 n=-2

3.15 (i) Marketl: p=35-31q, Market2: p=5-3%

(i) Market1: 7= 10;:2'0, Market 2: 7 = 30_pr

(i) a. Market1: q=48,p=19 Market2: q=6,p=4
b. Market 1: 7 =-11875 Market 2: n=-4
c. Market 1: 768 Market 2: 24

.- —4(11-0.25q)
q

3.16 (i) (it) Marginal revenue = Marginal cost = 1

3.17 The elasticity of supply = 1.

p

. -p . drR
3.18 (i = I =500, —=0
O 1=150-0 (i) p %

3.19 Marginal cost is decreasing for g <6 and increasing for q > 6
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6 q

48
Marginal cost is decreasing Marginal cost is increasing
1
1
|
1
dc !
dg |
1
1
1
|
48 !
1
1
1
1
|
912 [-mmmmm - TTEm :
1
6 q

3.20 (i)—2, -0.8 (ii) h(p)is relatively less elastic at any price.

(iii) For g(p) reduce price for h(p) increase it.

321 (i) n= —E(EJ =-08, ¢= 3(%) =16 (i) Revenue to producers will be reduced.

2\15
. -p . 3p 12 . 5
3.22 (i =— i) = i) n=-4, == iv) p==
() n=g—o W e=—m (g e=Z (W) p=7
3.23 n=-0.5p, p=2
3.24 (i) UK: q=300—-4p, France: q =200—5p
(i) q=500-4% for 0< p <18,000 (iii) 6,000

q=200—-5p for 18,000 < p < 24,000
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24,000 « p=24,000-120q

18,000 |

«— p=20,000-40q

50 500 q
325 (i) p=f(q)=3e" (ii) qzlng
3.26 (i)
Country A Country B
y y
30 32
900 X 1.056 X
(i) Country A : _dy = ;1 , Increasing Country B: _dy = 1 , constant
dx  2(900- x)* dx 33

(iii) Country A: y =25, x=275 Country B: y =24, x=11(24) = 264

(iv) Country A: Yes Country B: No

(v) a=1296, b=1125

327 9C _1g75¢}
dqg

3.28 (i) p = 72, q = 8, the elasticity of supply = 1. At the new equilibrium the elasticity of supply
will be unity.

—9++/1681+8s oe 9( ~9++/1681+8s
4 ’ - 4

(i) g = J—s, 125%

329 (i) n=-3 (i) A reduction in price will always result in an increase in revenue.

3.30 (i) 77:1—% (i) —o<n<0
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3.31

3.32

3.33

3.35

3.36

3.37

3.38

3.39

3.40

341

3.42

dC  w

dg L)
-t iyp=c-f"C | @i -1 ~278 p=1000
dA 1-a(dl-t) 1-a(l-t) dA 0.36
. dc L F e
0 - a@na G a=( )
q aa
Slope of marginal revenue function: is — 23, slope of the average revenue function is — 3

(i) y =162 —2x? (ii)
16;/
9 X
(iii) 162 (iv) 9 (v) x=6, y=90
(i) 100 (ii) a. year 12 b. year 9 (iii) 5.878 years
If f'(p) <g'(p) the market is stable. This means that if disequilibrium prevails there will be a

tendency for market price and quantity to move towards equilibrium.

If g'(p) < f'(p)the market is unstable. If disequilibrium prevails the market price and
quantity traded will move away from the equilibrium values.

X
v(X) '

(iif) The elasticity of an average cost function is equal to the elasticity of its respective total
cost function less one.

iy-1, M, 0

i 0, Vv(x). V) +F v(x) T v(X)+F

v'(x)

Marginal revenue is currently 4e°® =18.

(1)q=48, p=4 (i) —%, % (i) q=11+~1369-1200t (iv) 12%

228 912 +936s

1 :52_1 , :—24 6 |i = 1 -
() dq 5P, O +op @ p 19+18s' 1 19+18s

(i) & = 1,368(1+5) The elasticity is declines as the subsidy increases.
912 +936s
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3.43

Country 1 Country 2 Country 3
y y y
X X X
Opportunity cost is constant Opportunity cost is increasing Opportunity cost is decreasing
-5 pfs
344 () —; (i) —=—— Demand is elastic for all values of p. In (i) it is inelastic for all
(X7 +1) (p™ -3
values of p.

3.45 (i) p=24, q=180

(i) p=-13+1369+20T , q=-190-10T +10,/1,369+20T The equilibrium price
increases and the equilibrium quantity falls as the tax increases.

(iii) + of the tax is paid by consumers, 2 of the tax is paid by producers
346 (i) p=10+10q: (i) q=4, p=30 (iii) —15, 3

(iv)s=%+2 Since %>O, for finite valuesof g, ¢ >2. (v) p=20, n:—g
qs qs

348 (i) p=96, q=8 (ii)%-£=—2, 49 P _15 Gii) qd=l84 (iv) S =64

P dp d, p-6
3.49 (i) p:%’ :%—;ﬁ
(i) p=m(T)=‘;:;+£ﬂ, q:n(T):ag_—;ﬂ+5ﬂ_§fﬂ
(m)g__'“r’:(%ﬁ (v)a sable b, t>2

3.50 (i) 3units of X, 48 unitsof Y  (ii) 5 units of X, 132 unitsof Y, y =300-18x

3.52 (i) bLb (i) Elastic when a <0, inelastic when a > 0, unit elasticity when a=0
a+bp

3.53 (ii) n :_—Fir a. Increase price  b. It tends to zero.
p+
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3.54 (i)

120

L

™

Qd ! qs
.. . 1
(i) g=27, p=48 (iii) -1, 6 (iv) p=20q: +48
. 132 1445 + 36 .. - . . ..
355 (i) p= , 0= s (i) , elasticif g <25, inelasticif g>25
[+3 p+3 1+4p)
(iii)
D %>% The supply curve intersects the demand curve in the elastic range.
4 The supply curve intersects the demand curve
10 when the elasticity of demand is unity.
4 The supply curve intersects the demand
<0 curve in the inelastic range of the demand
curve.
0 144 q
. 22
(iv) —
63

(v) £594, Consumers pay £3 less per unit after the introduction of the subsidy. Producers

receive the remainder of the subsidy, £62 per unit.

Chapter 4

Optimising a Function of One Variable

41 (i) g=30,p=14 (it) Marginal revenue = marginal cost = 8
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(iii)

R,C C

|
5

P

Outputs at which the firm breaks even

L

0 50 55 q

Output trfat maximises profit.

Output that maximises revenue
4.2 q=124, Marginal revenue = Marginal cost = 272
43 E=16,200p—-150p?, p=>54
4.4 The firm will stop operating if price falls below 55.
45 (i) 12 (i) 8
46 120
47 (i) yes (i) q=18, 7 =77
48 q=8, 7=576, R=640, C=64

Revenue , Costs
44

Marginal cost

Average cost

49 (i) C=q°-6q+16 (i) q=4 (i)
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4.10 (i) 50 (ii) No
411 (i) 1=60, q=3,600, 7 =22 (if) Output will not change. 7z will fall by 50.
412 q=12,C_ =16

413 (i) 25 (if) Revenue maximisation (il) g=68-0.2p
414 (i) 5 (i) g =6% (iii) Price falls by 2.5

415 (i) q=5, p=25  (i)n=-1 (i) p=3 (iv) q=8
4.16 (i) 7=12q-2q> —16

(i)a. =3-0.25T b j-?:—o.zs C.R,=3T-025T2 d. T=6 e q=15
4.17 65

418 ) _cx
X

ae™  dC 1 C _dC

419 (i)a (ii)E: , — =abe™ (i) q==, aeb
g g dq b

q dg
420 () q=20, 7=400

(i) p<64. Atany price below 64 the cost of the output would be greater than the revenue the
firm would receive from selling it.

421 (i) 252 (i) q=2331-1.25p (ili) p=252
4.22 (i) 15 (i) p=170, 7 =400
423 (i) p=122-1

(ii) a.

Costs

dc

b. q=120, = =4,496
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424 (i) p=90, q=15 (i) T =40
(iii) a. Consumers pay 37.5%, Producers pay 62.5% , R, = £192

b. Consumers pay 37.5%, Producers pay 62.5% , R, =£192

425 (i) 16 (i) —2.75  (iii) Output does not change, profit falls by 48.
4.26 (i) Marginal product is increasing if L <8 and diminishing if L > 8. @iyL=12
(iii)
@ Q dQ
dL’' L dL
Q
L
12 L

The average product of labour is maximised.

(iv) L=15
427 (i) L=14, 7 =338 (i) w=11 (iii) £306
4.28 (i) (i) 25
p

5200 q
429 (i) p=1200, q=76,000.

(i) p=1200+0.8T, q=76,000—16T, Price producer receives: 1,200 —0.2T
(i) T=2375 (iv)R, =90,250,000, q=38,000, p =3100, Producers receive 725

430 (i) =100, 7=1155 (i) q=65
431 () a=172, b=1 (i) g=1or q=9
432 L=10, C=300.

434 (i) q=50 (i)a. q=48, p=308 b. -£784 c.25% d.£768

435 B>0
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436 p=5,q=45

437 q=—°2
2(8-7)
438 (i) g=50
b Total revenue
320
320
e
q
(i)
(i) 16,000
e
4.39 (i) 130 (if) 7 =81,880, p =988 (ilf) g =1317, p=987.7
(iv) Consumer surplus is higher by 41.9 under perfect competition.
440 (i) C=x*+10x+36 (ii)x=6: 7=45
(iii) c_ 22 =22 Z—C =22  The monopolist is operating at the minimum point of the
X X

average total cost curve.

(iv) V = x* +19x

. .. dg dp
441 (i) q=34-3S, p=211+%£S (i) E:—%, E:1l8
4.42 woa—e-T
2(B +0)
443 (i) q=20, Yes (i) g=26,20.8
0 =
4.44 =|— , 1
a-| 2| 5
445 (i) = =289,000 (i) 12<q<352 (iii) q =352

446 () q=32, p=14.25, R =456

324

(G4 +0.125q ,decreasing if 0<q <13.3and increasing if q >13.3
q+

(ii) 9C 104
dqg
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iii
( ) Costs,
Revenue

Marginal cost

Average total cost

Marginal revenue

32 q
447 (i) p=60,qg=6 (i) p=64, q=4.4
(iii) Consumers pay 3 of the tax, Producers pay 2 of the tax (ivip=-4, ¢=2
(v) 225
. . g, (a R 1 (a drR 1 1 (a a
449 (i) n=-b i) R=="In—|, —==Inj—|, —=—-=+=In|— i) g=—
Or=op b(qub(q] dg bb(qJ i a=s
450 (i) q=54 (ii) g =57 (iii)) g=54+%S, S=18, p=114
451 (i) q:az—;, p:a+a,The average revenue curve must slope downwards.

(if) Fixed costs have no effect on the profit-maximising output.
(iii)

average revenue

_____ marginal revenue

N
=
SR

(94

=2
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4.52 The law of diminishing marginal utility must be operating.

453 (i) q=2,490 (ii) The firm should pass on 50% of the increase in cost.  (iii) 42%
455 (i) p= “T” (i) 50%

457 (i) p=160, q=24
(if) a. Net revenue to the government: —129  b. Net revenue to the government: 223.8

c. Net revenue to the government: 291

458 (i) q= \/g . Average cost =2V + 3 (i) 7 = Mirap) O P 26(L+ af)

459 (i) q=11, R=572 (ii) ‘;—C=43.o4 (iii) q=3432-11p
q

461 () q=20, p=60 (i) 1 (iii) q=16 (iv) b=0.01
462 t=L=0
2
4.64 (i)
C

20,000

20 q

(if) Marginal costs are decreasing for 0 < q <20 and increasing for g > 20.

(iii) 800 (iv) gq=209090 " 400,000
p

4.65 (i) q=125 (i) -1 (iii) a =0.005
466 5
4.67 9
Chapter 5
Partial Differentiation

oC oC
51 —=6g°+4.8 , —= =2q,°° +2.4q9>

oo, 0, 0.9, o, d, 0,
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5.2

5.3

5.4

5.5

5.6

5.7

5.8

1
2

6K® 0 gkt 3t
L2 oK K

IS

. 0q EER ..
1) —=6L ?2K* = i) Yes
()6L (i)

.. ou 3 ou 1 ..

) —= , = ii) Yes (iii) f. <O0Oand f _ <O
( ) aql 4q1 aqz 3q2 ( ) ( ) 0,9, [ePLeP)
(i) —SC =1.297 -12q, +32 +4q,, S—C =1.08q> —8.64q, +20+4q,

1 2

(if) For good 1 marginal cost is decreasing for 0 <q, <5and increasing for g, > 5.

For good 2 marginal cost is decreasing for 0<q, <4 and increasing for q, > 4.

oc
ow

. oC 111 1
i) —=2w'r’ iii =
(1) oq 2 (ii) 2

Ols

aq;‘_&z_a[ P, ] 6q2,&=a[ p, ]
op, qg ! o, —a,p, +a,p, +aY op, qg 2 oy, —a, P, +o,p, oY

e Y _, Y
o aj ’ oy =0 P, + 0, Py +agY

Good A is a normal good. Goods A and B are substitutes
%.&— _ﬂlpypx aqx.&_ Zalp)zl_ﬂlpxpy

() = , =
M, U Py =BipP, Y Oy O Py = Bippy +7Y
A Y _ Al
oY q, alpf/_ﬂlpxpy_'_}/lY
(ii) B Py 2a,
200, P, B
(i) oq,=14, q,=16 (ii) Yes (iii) These goods are substitutes.
(iv)
P, B
i P, =P,
| 0y
~10|------ R EEEEEEEEEE
4+2b2
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59 (i) g—fz%(L—s)‘i(K—z)i, 2—223(L—3)3(K-2)‘1 (ii) Yes

(iif) The marginal product of labour increases as K increases.

] 0 11 0 101 ..
5.10 (i) £=1—16+%K2L2, %:%ﬂ%uw (i) Yes
5.11 (i) Constant returns to scale. The firm’s long-run average cost curve will be a horizontal
straight line.
aq aq

(i) = =Aad“ K" +B, — =Al-a)lK™* +C, O<a<l.
oL oK

Aol “K"™ + BL

(iii) = . Total payments to factors will exhaust total product exactly.
Acl“K™ +BL+CK
. Al-a)L"K™ +C
Iv) MRS, | =
( ) K, L AaLa—lKlfa + B
5.12 (i) Decreasing returns to scale. (i) x = 3K1 >0 VK, L, Q = sL ->0 VK, L
oL 9|2 oK 4K

(iii) The exponents give the elasticities of output with respect to the factor inputs.

(iv) K=100and L=90, K =9and L =300.

a,
oY

513 (i) 2.P-_3, r.1
q q 2

olnp " olnY 2

The derivative of the logarithm of g with respect to the logarithm of p gives the price
elasticity and the derivative of the logarithm of g with respect to the logarithm of Y gives

the income elasticity.

(i) olnq __3 oing 1

514 (i) 0 (i) Yes (iii) Complements

515 (i)

dq
Total revenue is constant and equal to 96.
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dq ’ op, Qq ’ oy 0y

The good has a constant elasticity of unity and it is a substitute for the good whose price is
p,. This good is a normal good that is income inelastic (a necessity).

@) BBy D P g M) g

(iii) 0

pi+—"y=00y, —* =
op - op oy “" op gy Op, 9 Oy qq

price elasticities negative of
income elasticity

516 (i)p, =80, =27, p,=11,q9,=36 and p, =50, =4.

(ii) 8q_ld.&= _2pl aqld .&: 3p2
apl qld 45_2p1+3p2_7p3 apz qld 45_2p1+3p2_7p3

aqld_&: — 7P,
op; Oy 45-2p,+3p,—7p,

ify Qs P16 04y P 11 oy Py 35

o, Uy 27 0op, 9y 9 op, Gy 11

_a-pr+1+G

517 (i) Y, (iii) Y, =1,000
1-p+po
518 (i) a v, _a+l +G—bT1 Ce:a+b(l +G)—-bT
1-b 1-b
b. YQZM, Ce:a+b(1—t)(|+G)’ Te:t(a+I+G)
1-b+bt 1-b+bt 1-b+bt
bT

(if) With lump-sum taxation: AY, = _ﬁ

—bt(a+1+G)
(1—b+ bt)(l—b)

Taxation reduces the equilibrium level of income.

With proportional taxation: AY, =

With lump-sum taxation: ﬁ = i = o = 1
o oG oa 1-b
oy oy oy 1

With proportional taxation: —=—==—=
o oG oa 1-b+bt

Taxation reduces the values of the multipliers associated with autonomous expenditure.
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5.19 (i) Homogeneous of degree o+ S+ 6. (ii) The own-price elasticity of demand =« , a <0
(iii) The income elasticity of demand =6, 6 >0 (iv) p<0

(v) a. The sum of the price elasticities is equal to the negative of the income elasticity.
b.

P

P,,Y constant

0,
c. Reduce price.

520 x=10and y=8, x=30andy=4 (ii)Yes
522 (i) f(L,K) ishomogeneous of degree «+ 4, g(L,K) is not homogeneous.

_a0+IO+GO+X0

_a,d+m)+a A-t)(l, + Gy + X,)

523 (1) Y, C.
l-a +at+m l-a +at+m
T :t(a0+I0+GO+XO) M :m(a0+IO+GO+XO)
) 1-a, +at+m ) 1-a +at+m
.. OY, 1 Y, : . . : .
(i) = . falls for an increase in the marginal propensity to import.
o, l-a +at+m ol

0

(i) oY, =_(a0 +1, +Gy + X))

om (1-a, +at+m)?
aT, _ ta+1,+G+X,) M, _ (L—a +at)(a, +1,+G, + X,)
om (l-a, +at+m)> ' om (1-a, +a,t+m)?
. OY, 1 . o .

(iv) = , This multiplier is larger than the multiplier that results when a
ad, l-a+at-t+m
balanced budget is not operated.

. C « dC

524 (i) —=—+p8,—=
® Y Y p dy p
iy Y=%FY_ 0 o g y M4, T,
1-p 1-p e e

y ()00 _(a+y)e-0-p)YM )
e (1—ﬁ)+(5%) e f(1-p)+ce
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r —fr oY,
(v)

1
M, d+eY—fr 8}/:(1_/3)+(§%)

ay p
5.25 The average product of labour is %z ALLK = AL“'K”.

L OMg
(iii) P

——Z2 = (a-1)AL“?*K” <0 for a<1since A Land K are positive

0
5.26 (i) Not homogeneous (i) y <1
5.27 (i) No (if) Yes (ili)  Labour: «, Capital: g, a=p (v) o=1
. A d. L :
528 (I) L>—— i ——=—,Yes iv) o=1
O L>3ek W ~9k = (W)
f . aQ _ _ LN —t-1 aQ _ _ i1
5.29 (i) Constant i) —<~=L“Y0Le+K*) ", =KL *+K*) =
(i) (ii) oL ( ) K ( )
L . K™
i) —— Iv) MRTS,, = — , Yes
(iii) 1K) (iv) KL (L]
Chapter 6
Optimising a Function of Two Variables
6.1 g, =48, q, =40
6.2 (i) q,=18and p, =144, g, =4and p,=120 (i) g, =90—-2p,

6.3 (i) q,+q, =240, p=26, 7, =1280, z, = 3200
(i) g,+9, =200, p=30, 7, =960, mz,=3840 , Firm 1 must pay firm 2 at least 320.

6.4 (i) 34 units in submarket 1 and 6 units in submarket 2 (i) n, =-1.647, n, =-23

65 () q,=11,q,=2, =367 (i) p, =48, p, =28

(iii) Marginal cost in market i = marginal revenue in market i = 26
66 () 9,=36, q,=196 (ii)q, =7, q, =22, 7 =-532, The firm should shut down
6.7 (i) x=10, y=40, r=1620 (i) The firm will make a loss of 300.

6.8 (i) q,=50,q, =30, z=12500 (i) p, =210, p, =280
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(iii)

Variable Maximisation of: Consequences of the change in the firm’s objective

. from profit maximisation to revenue maximisation
Profit Revenue

d. 50 130 Increase of 80 in the output of good A

a, 30 50 Increase of 20 in the output of good B
Total increase in output is 100

V4 12,500 5,500 Profit has fallen by 18,000. The firm is making a
loss of 5,500

6.9 (i) g,=21,q,=45 (ii) Marginal revenue in market i = marginal cost = 20

6.10 (i) 09,=8,9,=7, p, =60, p, =110, 7~ =650

(i 99, B -3 d&& = _u , Yes because demand is relatively more elastic.

dp, @ "dp, q,
(iiii) Profit will fall by 200.

oty _a,ty

611 () q =272, =2 4 >a, (i) p = S P =

2p 2/,

y O >, Oy >

6.12 (i) m=16, q=11, =994 (ii) Output should be reduced to 6. Profit will fall by 226.
6.14 (i) g, =50, g, =15, #=4,725

(ii) p, =120, p, =775, Sh. P 54 Y% P 4.
dp, @ dp, @,

6.15 (i) q,=4,q,=5, p,=50, p,=35
(i) p=40, 7 =200, 15 less than that obtainable with price discrimination
6.16 L=4,K=3.75 7=176.5

6.17 (i) q,=8,q,=16, r =753
(i) a. q=15,9,=5,9,=10, p=70, 7 =735
b. Output and price unchanged, profit falls by 100.
c. p=76q9q=12, q, =4, g, =8, , 7 =535, the sales tax

(ii)ﬁ.&:_%, dy Py

dp, X p, ¥V
(i) x=5-5t, y=3+4t,t=18, y—4, t=9

6.18 (i) x=5, y =3

=21
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619 () 0,=6,0,=6, p,=p,=5; (i) =75, q =75, p=p, =43

(i) 0, =75, 0, =73, p=4%, P, =435

0Q -+ AQ
o, 2

6.20 (i) No (i) >

(i)L=9, K=8,Q=7, 7=34

6.21 a. p:3;q1:%1q2:%’ﬂ:1i5

b. p1:3.6, p2:2.7,q1:%,q2:%%2’

= 2K *, Both marginal products are diminishing.

6.22 (i) Returns to scale are decreasing.  (iii) L=16p*, K =4p* (iv)p=4,L =256, K =64

62 ) Q. 1 Q_ 1
oL 1+L oK 1+K

(i) Yes
Gip L=P -1, k=L_
W r

6.24 q=24, a=12%.

w

1, Q=ln@+2-n+me+P-p- |n( p} In(ﬂj _ |n[
W r

6.25 (i) q, =18, q, =12 (i) 7=-10417  (iv) No
2 2 2 2 2_\2
6.26 (i) 27 <0, 9T <o, |ZZ|IE\ (O Lo (i) £=3T5
OX oy ox* \ oy? OXOy
.. (04 (04 (04
627 (i) q =% q-% %
(i) q 35 q, 35 P=3

6.28 () L=324, K=144, 7=1296

(ii)
L
1,000 Inputs Cost
L K C=4L+9K
46,656 1 186,633
324 144 2,592
64 729 6,817
q=288
500 K
a—y)o—
6.29 ql:( nS-pr q, -
236 20
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6.30 (i) MRS_, = Z_KL The marginal rate of substitution of labour for capital is diminishing.

(i) L=400, K =320
1,

16

23

(o]

631 (i) K=64, L=4 (ii) p=0.05, 7=256 (i) K=2°,Q=2%, p=

6.33 (i) L=25, K =16, 7 =123

w r r w

The profit function is homogeneous of degree one so if there is a combination of K and L
for which profit is positive it will be always be possible for the firm to increase profit by
increasing both inputs in the same proportion. The combination of inputs it should use to
maximise profit is therefore indeterminate.

Chapter 7
Constrained Optimisation |1

71 x=7,y=14
72 x=2,y=5 41=1

7.3 (i)(aa—U:y, a—U:x (i) x=2,y=4 (i) x=3, y=3 The consumer is better off.
X

oy

74 L=4,Q=74
75 @, =200, q, =100, g, = 700
76 q,=40, q,=60, C=2340

7.7 (i) Yes (i) q,=10, q, =18 The marginal utility of money = 2.

7.8 q,=50, q, =150, %:thtq2 =350 , 6\8—C=q1+2q2 =350

1 2

79 (i) x=1,000, y=1000 (i) x=500and y = 4,000, x=800 and y=1562.5.

y

5,000

U =10¢

500 X
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7.10 (i) Yes, If the output of both plants is doubled total cost will increase by 4 fold.
(i) g, =48, g, =32, C = 25,600

711 (i) x=15, y=10 (i) 120 (iii)

U =150

15 30 60 X

7.12 (i) Increasing (i) Z—S:3K, Q31 iy L=4, K=2, Q=24 (iv)g—(E=6, R _q

oK oK
743 (i) L=225, K=625 (i) Q=630,r=2835
714 () Q2% Q _1p= ves (i) L=540, K =160
oL 9 oK 3
7.15 (i) U =700 (i) Utility will fall by 140.
716 () M2 ML iy xo12 y=3, u=In4a32
oXx X oy Yy
(iii)
1|2 18 x
747 () K=3Q7, L=12Q" (i) C=96Q" iy 948
dQ Q-
718 (i) x=80, y=60 (i) U = 768,000 (iii)aa—U:19,200, %"=12,800
X
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U =768,000

719 x=18, y=8

720 (i) M Z10-2x, Y
ox
721 () x=100, y=16,U =14

722 (i) x=8,y=20

723 () q,=15,q, =13 p, =50, p, =72

7.24 (i) x=64, y=96, S=417,792

—=30-6y, x>5, y>5
oy

X

(i) x=35,y=4, U=9475

(iii) The marginal utility of money = 0.0625.

iy
(i) y= py'

(i) g, =9 , g, =10 Profit falls by 108.

i) ~ Y=Y ves
dx 3x

. 3y 2y .
725 () X, =——, X, = i) x, =36, x, =18 i) No
M x 5p," " 5p, (i) x, 2 (iii)
1600+236p,
726 (i) y=— Py iy _30, x=34, U =6588 (i) 22 =32, Y _g0, 8
32+ p, OX oy
7.27 (i) L:%, K:?—6 i) c=1250", 9 _125 (i) L=5, K =125

7.28 L=3200, K=375

729 (i) a=02

Chapter 8

Constrained Optimisation 11

82 (i)q,=36,q,=15, 7=3215

8.3 (i)x:pﬂ—l, y=20 iy o

X y
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(i) g, =34 , g, =17 Profit falls by 3.

(ipNo () X Pe__ M X m__m
op, X

X
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P,

1 =90

XZ
(v) The same demand functions as those obtained in (ii).

85 (i) a—u=%, N_F 450, p>0 (i) x = — A

x x' oy @t pp,  (@+pp,

(iii) 2= a+f 5o it depends on the consumer’s income and the parameters of the utility
|

function. It will be lower at B than at A.

86 (i) Yes
- 72p; —25p, p, + Ip, 25p; —72p,p, +2Ip, 36p, +25p, — |
(i) x= 2 2 v Y = 2 2 v A= 2 2
Py +2py Py +2py Py +2p,
(i) No
8.7 (i) q=248,832 (i) Output will increase by 2 units.
8.8 (i) 2,880, £67.2 (i) u=3174
89 () a=025 (i) U =50 (iii) 1 =0.1953125
8.10 (i) L=0.15625Q%, K =0.025Q 7, ¢(Q) =0.75Q°2 (i) p=90
3
811 (ii) x = x, =M x =M Giyu=tn—"— 53
3p, 3p, 3p, 27p.p, Ps M

0.25

0.75 0.75
812 (i) x= 42@) 4 o.zs[mj (iU =2 (ij (42w+0.25m), &9 - 0.25[3—'0]
p p p w OX w

(iii) L, = 42 —o.75[mJ (iv) Utility will be unchanged.
W
813 (i) @>0, f0, 7>0 (i) x =M x, =20 y /M
P: P, Ps
(iiii) No
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P.

m=m
Xl
(iv) Yesif >0
814 () x=-"1es+ - L1(W] | _1e8-L-168-|Y (ii) L, will increase.
p p 32\ p 32 p
815 (i) X = 2(w24 + m) X, :w24+m’ L= 2(w24 +m) (i) L. :8—2—m (i) 8
15p, o5p, 3w 3w

(iv) The supply of labour will increase if there is a small increase in the wage rate.

w0 (g3 -2 (3)

(i) C = 3( J (2r) W3 8(_3 :d{i) I’%W%, £ increases as output increases.
2196 oq 48 oq
4
(iii) g= p°48
rw’
8.17 (i) 42 (if) 0.75 (iii) -1 (iv) 8 W_1
ow 'y

8.18 (iii) No
Chapter 9
Integration
9.1 C =5q+8q° +32q° +180

9.2 Consumer surplus = 58.5

93 (i)g=8, p=160 (i) g=7, p=165, The change in consumer surplus is —37.5.

9.4 (i) Consumer surplus =48  (ii) Consumer surplus = 162  (iii) 3

9.

(62}

(i) 48 (i) 162 (i) % %
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0.6 (i)222 (i) 8,214

(iii) j—q-B =-3.86 (to two decimal places)
P q

9.7 () q=12 (i) Total variable costs are 480 and total fixed costs are 432.
3
(i) A, == = L120 +2204432_ 6 o542 4 99, 232
q q q
(iv)
dc 037507 +22 Average total cost
Costs dqg Average fixed cost
........ M 1 | t
A. =0.125¢° +22+422 ArOInAL oS
432
AF = 7
q
9.8 (i) b=52 (i) p=138.4,460.8
9.9 £84,000
9.10 C= _1’0002 + 48,750
(9+2)

2
3

9.11 (i) p:%(%J ,q:%

9.12 (i) R =4,000-10q- o>
g

9.13 (i) 564

9.14 (i) 8
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(i)a. q=1024, p=6

b. q=256, p=12, Consumers pay %, Producers pay 3
c. =35

(ii) IR _ _g352
dq

(ii) 864

(ii) Total variable costs: 112, Total fixed costs:128
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(iii)

The area between
C,, and the price

line represents total 30
fixed cost..

p

8 q

9.15 (i)

0
0 w1

The distribution of income is more equal in country 2 than in country 1.

(if) Country 1: G, =0.32, Country 2: G, =0.25 (iii) 8% , 32%.

3
9.16 (i) C=%+10q2+2q +1152 (ii) 30, 16,848
9.17 () q=324, p=24 (i) n=13}, £=5} , p=92

(iii) Consumer surplus: 388.8, Producer surplus: 972
9.18 (i) 6, 270 (ii) 174, 54

9.19 (i) 12 (i) 1,089.2 (iii) 7 =—2.29
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Total cost

The area below the marginal cost
curve represents total variable cost.

Lorenz curve for country 1

Lorenz curve for country 2
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9.20

—— Country 1
ly.
: Country 2
0 10
X
1 1
G ==,6,==
57?3
9.21 121, 605, 1,331
9.22 1,699
9.23 (i)
p
70
p=12+3q
/ _ 140
1 p_2+q

q
(if) Consumer surplus: 113.32, Producer surplus: 8

(iii) 3.78, Consumers pay: 87.5%, Producers pay: 12.5%
9.24 (i) q=256, p=12 (ii) Consumer surplus: 1,024, Producer surplus: 614.4

(iii) =16, Ry =288, Consumers pay: 2 =2, Producers pay: & =1

9.25 The area of the area labelled D and that labelled E is 25.6

d 0.5
9.26 (i) C=2d + b[—] (i) d
a
9.27 (i) p=25%, g=5 (i) Consumer surplus: 6.25, Producer surplus: 583

(iii) The government raises revenue of 27.2.
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Consumption falls by 1 unit, Price increases by £0.5, Consumer surplus falls by 2.25

Net revenue to producers falls by 50.7 , Producer surplus falls by 552

(iv) Consumers pay: 7.4%, producers pay: 92.6%
9.28 (i) g, =80, g, =320 (i) C, =g/ +176

9.29 (i) Change in consumer surplus: —3,22122, change in producer surplus: 3,9462
(if) Net Welfare loss: 6752

. 7890 R 78 .. 4 56 4
930 (1) R= , —= ii) g=4, p=3 iii) g = == _=
() 6150 q 645 (i) g p (i) g=g " (p) 3p 3

9.31 () G=05 (i) a=2 (iii) G=%, curve 2

_ (4q® +216)

o (iii) 7=-3  (iv) 5832

9.32 (i) (i) n=

200

10 q

9.33 (i) 16,128

934 (i) G :L (i) 1.3<a <175
200 -1

9.35 (i) C=50+0.8q°+24, R=20q-0.79° (ii) q=5, 7=13.5, p=165.
9.36 (i) q" =15 (ii) (;—3:0.15q2—3q+16

(i11) 71.25. This area represents long-run total cost when output is 15.
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