
1. From the ILT, we have:
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The expected number of survivors from the sons is 1941.285 with variance 56.991. 

The expected number of survivors from fathers is 1738.323 with variance 227.4393. 

The total expected number of survivors is therefore 3679.61. 

The standard deviation of the total expected number of survivors is therefore  

(56.991 227.4393) (284.43) 16.865     

Both np>10 and nq>0, so that normal approximation to the binomial is appropriate. 

The 99th percentile equals 3679.61 2.33*16.865 3718.9    

2. The number of left-handed members after each year k is:

1 0.75 35 0.75k kL L    

 2 175 0.75 35 0.75 0.75 ...0.75k k     

Similarly, the number of right-handed members after each year k is: 

1 0.50 15 0.50k kR R       

 2 125 0.50 15 0.50 0.50 ...0.50k k     

At the end of year 5, the number of left-handed members is expected to be 89.57520, 
and the number of right-handed members is expected to be 14.84375. 

The proportion of left-handed members at the end of year 5 is therefore 

89.57520
89.57520 14.84375




0.85784  



3. The probability that Johnny will not have any accidents in the next year is: 
 

 
 1 01 02

000
1

s s ds
p e

   , where 

 

 01 02 013.718 3.718 0.03 0.06 2t
t t t         

So that 

      
 

1 2

0

3.718 0.06
3.718 0.03 0.06 3.718 0.03 0.4333764

2
t lne dt

ln
       

and 

 
00 0.4333764
1 0.6483164p e    

The probability Johnny will have at least one accident is therefore  
 
1 0.6483164 0.3516836  . 

 
 
 

4. 3 1 22Z Z Z   so that        3 1 2 1 2Var 4Var Var 4 ,Z Z Z Cov Z Z     

where  1 2 1 2 1 2

0

, (1.65)(10.75)Cov Z Z E Z Z E Z E Z


             
  

 3Var 4(46.75) 50.78 4(1.65)(10.75)

166.83

Z   


 

 
 

5. 20
50:60 20 50:60 70:8050:60:20

a a v p a    

 20
50:60 20 50 20 60 70:80a v p p a    

    80
50:60 20 50 70:80

60

1 1a E a    


  

  3914365
9.1944 0.23047 4.0014

8188074
    
 

  

 8.7535   
 
 
 
 
 
 
 
 



6. 50:50 50:50
30,000 70,000APV A A    

  50:50 50 50 50:5030,000 70,000A A A A     

   50 50:5070,000 2 40,000A A   

    140,000 0.24905 40,000 0.34049   

21,247.40   
 
 

7. Per equivalence Principle: 
 

 
35 35 35 35

35 35 35 35

35 35

100,000 0.4 150 0.1 50

1770 100,000 1 0.4(1770) 150 0.1(1770) 50

0.035
1770 100,000 708 150 177 50 100,000

1.035

Ga A G Ga a

a da a a

a a

    

     

            

  

   

 

  

 
Solving for 35a , we have 

100,858 100,858
20.48

1770 3154.64 4924.64
a   


   

 
 

8. The loss at issue is given by: 
 

1
0 1 1

100 0.05 0.05K
K KL v G G a G a
 

       
1

1 1
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K
K vv G G

d


      

 
  

10.95
100 0.05 0.95KG Gv G

d d
     

 
  

 
Thus, the variance is 
 

      
2

22
0

0.95 2.338
100

0.04 /1.04 x xVar L A A
 

   
 

  

  
   

2 20.95 2.338 0.04
100 0.17 1 16.50

0.04 /1.04 1.04

                
  

  908.1414   
 
 



9.        
3

65 22 2 65 65 2
payment year 3

Lives 2 years Die year 3

A v p q     

 
          

4
3 65 365

payment year 4
Die year 4Lives 3 years

v p q     

 
3

1
(0.92) (0.9) (0.12)

1.04
     
 

  

 

       
4

1
(0.92)(0.9)(0.88)(0.14)

1.04
   
 

  

 
 0.088 0.087 0.176     
 

 
The actuarial present value of this insurance is therefore 2000 0.176 352  . 
 

10.     35 35
35 701 0.063421 0.146257 0.209679A e e A   

 
            

  

35
35

1 1 0.209679
15.80642

0.05

Aa

      

35
35

35

0.209679
0.0132654

15.80642

AP
a

     

 
The annual net premium for this policy is therefore 100,000 0.0132654 1,326.54    
 



 

11. Assuming UDD 
 
Let P = monthly net premium 
 
EPV(premiums)      1212 12 12 12x xPa P a         

    12 1.00028 9.19 0.46812P      

   104.6934P   

EPV(benefits) 100,000 xA   

             100,000 100,000 1x x
i iA da
 

      

               0.06 0.06
100,000 1 9.19

log 1.06 1.06
   
 

  

            49406.59   
49406.59

471.9168
104.6934

P     

 
 
12. The expected end of the year profit B   20722 60 1.08V G WG       

      (0.004736)(150000)   

      21(1 0.004736)( )V    

 
Plug in given values, we have 
 

          722 24496 1 1212 60 1.08 0.004736 150000 0.995264 26261W        

722 852.8121 1308.96W    
 

Solving W, 
852.8121 722

10%
1308.96

W     

 



 
13. (12) 0.06 0.005i    per month 

11 10,000 3,000 13,000AV CSV SC       

12 100,000(0.002) /1.005 199.00COI     

 12 13,000 1,000(1 0.25) 6 199.00 (1.005) 13,612.75AV         

13 100,000(0.003) /1.005 298.51COI     

 13 13,612.73 1,000(1 ) 6 298.51 (1.005)AV W        

13 13,329.51CSV    

13 13 13 13 131000 13,330 1000 14,330CSV AV SC AV AV          

 14,330 13,612.73 1000(1 ) 6 298.51 (1.005)W       

14,330
13,612.73 6 298.51 (1 )1,000

1.005
W       

0.0495W    
 
 
14. Given 4 27.77,V   we have: 

 
 Expected total reserve = 

  
     980 19.9 8.8 1.05 500 27.77 0.005

27,218.37

    


  

 Actual total reserve = 

 
     7

980 19.9 8.8 1 500 27.77
980

28,126 24,820.39

j

j

          
 

  

 
Since there is no gain or loss, expected = actual, so: 

 
27,218.27 24,820.39

8.52585%
28,126

j     

 
 
 



15. If G denotes the gross premium, then

35 35

35

1000* 30 270 1000(0.12872) 30(15.3926) 270
59.28

0.96* 0.26 0.96(15.3926) 0.26

A a
G

a
     

 



So that, 

36 361000* (30 0.96* )

1000(0.13470) (30 0.96 59.28) (15.2870) 276.65

x A G a  

      



Note that 0y   as per definition of FPT reserve. 

16. 
 

  
  

10 55
1

55:10 55:10

1000 1000 0.48686 9.8969
693.76

12.2758 0.48686 9.8989 0.51209

a

a IA
   

    





1
9 1 64 64:1 64:1

1000 10V a A a      

   1 7,533,964 1
1000 9.8969 10 693.76 0.01952 693.76

1.06 7,683,979 1.06

    
 

= 9154.42 + 127.76 – 693.76 = 8588

17.    end startAV AV (1 ) COI 1 cG f e i       

where    COI Specified amount / 1 COIci    
(COI depends only on the specified amount, not the AV, since the death benefit is 
Specified Amount + AV) 

1

2

COI 100,000 0.01/1.04 961.54

COI 100,000 0.02 /1.04 1,923.08

  

  

 
 

1

2

AV 0 (1 0.3) 100 961.54 1.04 0.728 1,104

AV 0.728 1,104 (1 0.1) 50 1,923.08 1.04 1.693 3, 200.16

G G

G G G

        

         

1.693 3, 200.16 10,000G    

 10,000 3200.16 /1.693 7,796.35G   



18.  
Retirement Age 63 64 65 
Years of  
Service (K) 33 34 35 

20Kv   0.414964 0.387817 0.367446 
Probability of 
Retirement 0.4 (0.6)(0.2) (1.0)(0.6)(0.8) 

Benefit (33)(12)(25)(12.0) (34)(12)(25)(11.5) (35)(12)(25)(11.0) 
Benefit Reduction 
Factor 0.856 0.928 1.0 

Present Value of 
Retirement Benefit 16,879.56 5,065.87 20,094.01 

 
The actuarial present value of the retirement benefit is therefore: 
 
16,879.56 5,065.87 20,094.01 42,039.44     

 
 
19. Let S be Colton’s starting salary. 

 
career average salary find average salary

2 29 29 28 251 1.025 1.025 1.025 1.025 1.025 1.025
30 5

S S             

 

    

 0.02*30        *30y   
 

 
30 5

251.025 1 1.025 1
0.02 6 1.025

0.025 0.025
y    

 
30

25
5

0.02 1.025 1
1.025 0.1501727 1.5%

6 1.025 1
y    


 

 



20. For Plan I, the accumulated contributions are:    

  30 29
35 35(0.15) (1.03) (0.15) (1.03)(1.03)S S  

2 28
35(0.15) (1.03) (1.03) ...S   

 

30
35 35

(12)
65

35
35

(0.15) (1.03) (30) 10.923

(12 )

10.923
0.096

12(9.44)

S S

B a

S
B S

 



  

  

 
For Plan II, we have: 

 28 29
35 35 35

1
(1.03) (1.03) 2.322

2
S S S   

 
   35 35

1
30 0.015 2.322 0.087

12
0.096

1.107
0.087

B S S  

 
 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




