
  INSEAD Foundations Program 
Quantitative Methods 

Solution Set 3 
 
 
1. a)  )(34)8(';250)(' xRRxxR =−=  is increasing at x = 8 

 b)  )(26)8(';102)(' xCCxxC =+=  is increasing at x = 8 

 c)  )(20)8(';286)(' xPPxxP =−=  is increasing at x = 8 

 d)  11429)(' 2 +−= xxxC ;   251)8(' =C       )(xC  is increasing at 8=x  
 
 
 
2. a)  QQQQQQQPQR 94)94(.)( 232 ++=++==  

 983)(' 2 ++= QQQR  

 1249)5(8)5(3)5(' 2 =++=R  

  

 b)  QQQQQQQR 83
2
183

2
1)( 232 ++=






 ++=  

 865.1)(' 2 ++= QQQR  

 5.758)5(6)5(5.1)5(' 2 =++=R  
 

 c)  QQQQQR 60
4
160

4
1)( 2 +=






 +=  

 60
2
1)(' += QQR  

 5.6260)5(
2
1)5(' =+=R  

 
3.  Differentiate each of the following: 

 a) ( ) 13=xf   ( ) 0=′ xf  

 b) ( )xf  = – 27  ( ) 0=′ xf  

 c) ( ) 127 −= xxf  ( ) 7=′ xf  

 d) ( ) xxf 625 −=  ( ) 6−=′ xf  

 e) ( ) 49xxf =   ( ) 33 3649 xxxf =∗=′  

 f) ( ) 75xxf −=   ( ) 66 3575 xxxf −=∗−=′  

 g) ( ) 34 −= xxf   ( ) 44 12)3(4 −− −=−∗=′ xxxf  
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4. 124030)( 2 ≥+−= xxxxT  
 
 302)(' −= xxT  
 
 3020)(' −== xxT  
                            302 =x  
 
                              15=x        max. or min. 
 
 ( ) 2'' =xT  is positive so it corresponds to a minimum. Fifteen staff members will 

minimize average waiting time. 
 
 
5. Profit = (Demand)(Price-cost) 
 
 )5)(450()( −−== pppfP  
 
 )5)(450()( −−= pppf  
 
                   ppp 20250450 2 +−−=  
 
                   250704 2 −+−= pp  
 
 70)2(4)(' +−= ppf               
 
 0708)(' =+−= ppf               
 
              708 =p  
 

                75.8
8
70

==p   is a critical point 

 
 8)('' −=pf  is negative so it corresponds to a maximum and profit is maximized at 
8.75. 
 
 If there is an upper bound of 8, we cannot set the price at 8.75. Notice that 

,708)(' +−= ppf  and 6706470)8(8)8(' =+−=+−=f  is positive. This means that 
when price = $8 profits can still be improved if we increase the price, but since we 
can’t, we should charge $8. 

 
 
6. a.) x = 6000 – 30p 
   
  30p = 6000 – x  
 

     
30

200
3030

6000 xxp −=−=  
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 b) Marginal cost   ( )x
dx
d 6072000 +  

  60)( =′ xc  
 

 c) 
30

200
30

200
2xxxxxpR −=






 −=∗=  

 
d)      Marginal revenue 

 
15

200
30
2200)( xxxR −=−=′  

  100
15

1500200)1500( =−=′R  

  

 At a production level of 1500 items, revenue is increasing at a rate of $100 per 
item. 

 100
15

4500200)4500( −=−=′R  

 At a production level of 4500 items, revenue is decreasing at a rate of $100 per 
item. 

 
7. a)  Set up the profit function :  Profit = Revenue - Cost 
 
 3205805)20320(5600)( 22 −+−=+−−= QQQQQQP  
 
 Find the critical values by solving 0)(' =QP  
 58058010)(' =⇒=+−= QQQP  critical value. 
 ( ) 10'' −=QP  is negative so it corresponds to a maximum and profit is maximized  
   at Q = 58 
 
 b)  Set up the profit function : 
 200012004)1002000(41300)( 22 −+−=+−−= QQQQQQP  
 
 Find the critical values by solving 0)(' =QP  
 
 012008)(' =+−= QQP 150=⇒ Q  critical value 
 ( ) 8'' −=QP  is negative so it corresponds to a maximum and profit is maximized  
  at 150=Q  
 
 
8.    QBAQP ∗−=)(  

 QQBAQTR ∗∗−= )()(  
2)( BQAQQTR −=  
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 BQAQMR 2)( −=  
 
 
9.    PQ 2120 −=  2)( QQTC =  

 
2

60)( QQP −=  

 Total Profit  =  Total Revenue – Total Cost 

    )()( QTCQTR −=  

 Total Revenue QQ
∗





 −=

2
60  

              
2

60)(
2QQQTR −=  

 Total Profit      =  ²
2

60
2

QQQ −−  

              ²5.160)( QQQTP −=  

 Maximum Profit is found by 

  0)( =′ QPT  

  0360 +− Q  

  20+Q  

  50
2
2060 +−=P  

 Corresponding Total Profit 

  ²5.160)( QQQTP −=  

  600²205.12060)20( =∗−∗=TP  
 
  
10. a)  To find the rate at which profits are changing after 3 years, take the derivative of 

the profit function. 

 xxf 23)(' +=  

 9$)3(23)3(' =+=f  millions/year 

 
 
 b)  To predict the level of profits when x = 3, evaluate the profit function at x = 3. 

 2320)( xxxf ++=  

 23)3(320)3( ++=f  

          9920 ++=  

          38$=  millions 
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11.    a) 5.1125 QP −=  

   ( ) 5.25.1 125125 QQQQQPTR −=∗−+∗=  

   5.15.2125 QRMR −=′=  
  
 b) 77.9331010125)10( 5.2 =−∗=TR  

   94.45105.2125)10( 5.1 =∗−=MR  

   At a level of production of Q = 10, the sale of one extra unit adds 45.94  
               to the total revenue. 

  

 c) 0=MR  

   05.2125 5.1 =− Q  

   50
5.2

1255.1 ==Q  

   50lnln 5.1 =Q  

   50lnln5.1 =Q  

        61.2
5.1

912.3
5.1
50lnln ===Q  

           6.1361.2 == eQ  

  When 6.13>Q , 0<MR and the total revenue starts to reduce. 
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