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This paper shows how monthly mortgage payments are calculated, with special reference to Canadian mort-
gages. From this a "loan progress formula" is developed. I also explain the curious "monthly interest'fac-
tor" that appears at the back of Canadian Mortgage Tables. 

Let Ap be the initial mortgage amount in dollars, 
p be the fixed monthly payment in dollars, 
n be the number of months of mortgage amortization and 
r be the monthly interest rate. 

Monthly Payments 
Our problem is to find p in terms of Ap, n and r. 

Let Ak be the amount of principal owing immediately after the kph (monthly) payment has been made, for 
1 s k <_ n. We see that 

A t =AO +rAp—p=Ap(1+r)—p 
Az =At +rAt —p=At(1+r)—p=Ap(1+r)2 —p—p(1+r) 
A3 = AZ + rA2 — p = Az(1+r) — p = Ap(1+r)3 — p — p(1+r) — p(1+r)2

Ak = Ap(1+r)k — p[1 + (1+r) + (1+r)Z + .. . 

Then using the sum of a geometric progression 

k 1+a+az+...+ak-~—a  —1 we get 
a — 1 

Ak = Ap(1+r)k — p 
(1+r)i — 1 

+ (1+r)k~~] 

After n months the mortgage is paid off, so that A~ = 0. That is 

(1+r)" — 1 
r 

Hence the monthly payment is 

_ r(1+r)" 
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Example 1 
Find the monthly payment fora $100,000 mortgage @ 12% amortized over 10 years. 

Here AO = 100,000, n = 120 months and r = 1 % = 0.01 per month. 

Using equation 1 to calculate the monthly payment p = $100,000 
(0.01)(1.01)[20 _ $1,434.71 
(1.01)[2° — 1 

The Canadian Mortgage Tables give $1418.03 as the monthly payment for the above mortgage. This amount 
differs from that calculated above because the interest on Canadian mortgages is calculated "semiannually, 
not in advance." Thus, if the annual rate of a Canadian mortgage is R%, then the monthly rate is not 
r = R/12% (as in the U.S.), but r~ where (1+r~)6 = I + R/2.* That is 

r~ 1+R/2— 1 

6 
Using re = ~ 1 + 0.06 — 1 = 0.009758794 for r in equation 1, for the above example (AO = 100,000, 
R = 12 % and n = 120 months), we get 

p = $100 000 
(0.009758794)(1.009758794)120 _ $1,418.03, exactly as in the Tables. 

(1.009758794) t20 —1 
Example 2 

Calculate the monthly payment fora $75,000 Canadian mortgage over 25 years at 13.25 %. 

n 6 
Using equation 1, p = AO  r(1+r)  

where AO = 75,000, n = 300, and r = 1+ 0.1325 _ 1
(1+r)"-1 

that is, r = 0.010748660, p = $840.14. (The Tables give $840.15.) 

Loan Progress 
After k monthly payments, the amount of principal owing is Ak. Recall 

Ak = AO (1+r)k — p 
(1+r)k — 1 

r 

2 

Example 3 

Calculate the amount of principal owing on the mortgage in Example 2, after 10 years of payments. 
That is, AO = $75,000, p =$840.14, r = 0.01074866 and k = 120. 

Alzo = $75,000 (1.01074866)120 
—(840.14)(1.01074866)120-1 _ 866,754.97 

0.01074866 

(The Tables are only approximate and give $890 x 75 = $66,750.) 

Example 4 

Calculate the amount of principal owing on a $200,000 mortgage @ 14.75% over 40 years after 20 years 
of payments. (In the U.K. mortgages are often amortized over 35 and 40 years; 14.75% is a common rate.) 

Here AO = 200,000, n = 480 and r = V 1 + 
0.175 

1 = 0.011930135 

Use equation 1 to find p = $2,394.10, then equation 3 with k = 240, to get A 240 = $189,021.57, the 
amount of the $200,000 still owing after 20 years of payments. 

*r~ is such that the interest on the mortgage "when compounded monthly at a [ate of r~% per month" is equivalent to the interest on 
the mortgage "when compounded semiannually at a rate of R/2% per six months" (R% being the quoted annual rate for the mortgage). 
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Monthly Interest Factor 
The monthly interest factors published at the back of Canadian Mortgage Tables are simply r~ for the ap-

propriate quoted annual rate R. (See equation 2.) 

Example 5 
For a mortgage with a 13.25% interest rate we saw in Example 2 that 

r~= Y 1+ 0.1325 1 = 0.010748660. 
2 

This is the monthly interest factor fora 13.25 % mortgage (see Tables). Fora 14.75 % mortgage we saw 
in Example 4 that 

r~ _ ~/ 1 + 
0.175 

1 = 0.011930135. 

This is the monthly interest factor fora 14.75% mortgage (see Tables). 

A Hewlett Packard 27 calculator has the following buttons: 

n 

m nihs 

i 

i ~ 100r~ P 

pmt 

Note that the interest button i is not r~ but 100 times r~. 

n —
log(1 +r) 

To find r in terms of Ap, n and p is not so easy; we have to solve the polynomial equation 

p = (1 + r)"(p-Apr) 

to get r, which is difficult for n > 2; usually n is very large. An iterative process is used to approximate 
to the solution to the desired degree of accuracy. 

pv 

Ap. 

It is of interest that we could find 
(a) Ap in terms of p, n and r. Using equation 1, we see 

(b) n in terms of Ap, p and r. By rearranging equation 1 and taking logs (any base), we see 

log(p) — log(p—rAo) 

Total Interest Paid 
The total interest paid on a mortgage (over n months) is simply np - Ap. 

Example 6 
The interest paid on the $75,000 mortgage of Example 2 is 

300 x $840.14 - $75,000 = $177,042.00. 

The interest paid on the $200,000 mortgage of Example 4 is 

480 x $2,394.10 - $200,000 = $949,168.00. 
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Monthly Interest Factors 
Interest for one month at nominal annual rates shown, 

based on interest compounded semiannually 

12 % .009 758 7942 t- 15'/s % .012 224 4297 

12 %s % .010 452 2088 15'/a % .012 322 4327 

13 % .010 551 0740 15'/e % .012 420 3883 

13'/s % .010 649 8909 15'/z % .012 518 2966 

13'/a % .010 748 6596 E- 15 5/e % .012 616 1575 

133/s% .010 847 3799 15 3/a % .012 713 9712 

13'/z % .010 946 0522 15'/a % .012 811 7377 

135/e% .011 044 6762 16 % .012 909 4570 

13 3/ % .011 143 2522 16'/e % .013 007 1292 

13 %a % .011 241 7802 16'/a % .013 104 7543 

14 % .011 340 2602 163/s % .013 202 3325 

14'/s% .011 438 6923 16'/z% .013 299 8636 

14'/a % .011 537 0764 165/a % .013 397 3478 

143/s % .Ol 1 635 4128 16 3/a % .013 494 7852 

14'/z % .011 733 7014 16% % .013 592 1758 

145/s % .011 831 9423 17 % .013 689 5196 

14 3/a % .011 930 1355 t- 17'/a % .013 786 8166 

14% % .012 028 281 I 17'/0 % .013 884 0670 

IS % .012 126 3791 17'/s% .013 981 2708 

22 



Payment Table Fer Canadian Mortgages 
Computed and Published by 
Financial Rlblishing Company Massachusetts 1974 

BASIC MONTHLY PAYMENT 
NECESSARY TO AMORTIZE A LOAN 12~ 

BASIC MONTHLY PAYMENT 
NECESSARY TO AMORTIZE A IOAN 13v.~ 

TERM 6 7 t • 10 11 i] 1] 14 TERM ]4 TS 16 2] ]e ]9 ]0 ]3 411 
aMOUM TEARS TEA0.9 TEARS TEAR$ YFA4S BARS TFARS TEARS TEARS 4MOUM TFARS TEARS TEARS TEARS YEARS TEARS TEAR$ TEARS YEARS 

23 .49 .<a .41 .36 .76 .34 Jl .32 .31 ]! •29 .29 .2e .10 .26 .20 .18 .18 .2e 
SO .97 .66 .0l .16 .11 .60 .65 .63 .6l 30 .s7 .57 .s6 .56 .56 .50 .55 .55 .55 
73 1.46 1.12 1.21 1.11 1.07 1.02 .9e .9t .9l 7! .05 .05 .94 .e4 .07 .03 .0) .e2 .01 
100 1.94 1.75 1.61 1.51 1.42 1.36 1.70 1.26 1.12 100 L17 1.13 1.12 tll 1.11 1.11 1.10 L09 1.09 
]00 3. e6 7.50 7.12 ).Ol 1.61 2.71 2.60 1. $I I.a3 ]00 2.26 1.25 1.23 2.22 1.21 2.21 2.20 2. Ie 2.11 

]00 $.e2 5.25 a,e7 1.51 4.26 4.06 7.09 3.76 7.64 ]00 7.39 7.77 )J5 L77 372 3.11 3.30 ).11 7.25 
600 7.76 1.00 6.at O.OI 5.66 $.H 5.19 s.el t.eb 100 asl 4.49 1.46 4.aa a.0 4.41 4.40 a. 35 a.J3 
!00 9.10 e. TS 0.05 7.52 7. I0 6.76 e.1e 6.16 6.07 500 5.61 5.61 S.Se 5.55 5.57 S. SI 5.50 5.44 S.al 
600 11.61 10.50 9.66 9.02 6.51 e.11 1.76 7.51 7.10 600 e. 77 6.73 6.69 6.66 6.64 6.01 6.59 6.57 6.49 
700 l3. Se 12.25 11.17 10.51 9.9) 9.40 9.Oe e. 76 t.50 700 1.19 7.05 l.el 7.11 7.7< 7.12 1.69 7.61 7.51 

t00 Is. 51 14.00 12.06 11.01 Il.7s 10.01 10.37 10.01 9.71 D00 9.02 6.91 1.92 e.ee 0.65 6.02 0.79 e. 10 0.06 
900 17.46 15.75 11.19 17.51 11.77 11.16 11.67 11.16 10.91 900 10.15 10.09 10.01 9.99 9.95 9.92 9. e9 9.79 9.Ta 
1000 19,40 17.50 16. I0 15.03 N.19 17.51 11.96 12.51 IL Ia 1000 11.21 11.21 11.15 II. IO 11.06 IL02 10.99 I0. e6 IO.e1 
]000 3e. DO 15.00 32.19 70.05 21.77 21.02 25.92 25.01 24.27 ]000 12.St T2.a1 22.70 22.20 12.11 11.04 21.91 11.75 21.67 
]300 48.50 U.15 10.24 )1.56 35.16 77. IT 72.10 7LU 7074 ]300 20.17 10.01 27.07 2775 27.64 11.54 21.16 17.1! 27.04 

]000 50.20 52.50 46.29 15.07 12.55 10.57 7a. ee 77.57 76.40 ]000 3).01 33.61 37.11 77.19 77.16 77.05 12.95 71.62 72.14 
6000 1].60 10.00 64.36 60.09 56.77 54.07 51. et 50.01 46.97 6000 17.07 14.61 N.59 K.79 N.22 N.07 47.94 U.19 4).26 
3000 91.00 eT. 50 eo.ae TS.II 70. t1 e7. Sa 64.10 62.55 60.61 3000 $e. )a 56.01 55.77 SS.a9 55.21 SS.Oe Sa.92 54.76 54.07 
6000 116. a0 104.99 96.57 90.17 65.09 •I.OS 77.76 15.05 71.10 6000 67.61 67.22 66.66 66.56 00.72 66.10 65.90 65.2) 64.66 
7000 115. e0 112.49 112.66 IOs.16 99.27 N.55 90.71 0.56 61.93 7000 71.11 76.42 76.01 17. eB 77.71 77.11 76.00 76.10 75.69 

6000 90.11 19.62 19.17 61.77 61.47 ee. l7 61.61 66.97 06.51 
80000 1552.00 1799.6/ 1267.64 1101.71 1114.4 067. p1 10)6.77 1000.66 970.56 9000 IOLH IOO.e2 100.71 99.67 99.10 19.11 L.eS 91.04 97.71 
83000 1619.00 1417.76 1766.01 IP6.e) 1205.77 INe. 11 110456 1067.10 1031.24 10000 112.67 112.02 11416 110.97 110.54 IIO. IO 109.07 101.71 IOe.0 
90000 1746.00 1574.15 let 6.49 1751.94 1216.27 1115.64 1166.76 II25. 75 1091.91 11000 123.94 123.23 122.60 122.06 121.59 11l. ID IIO.el II9.58 ll e.9a 
93000 11<3.00 1661.75 1526.96 ri2T.05 1711.17 IN J. id 113416 1166.29 1152.57 11000 175.21 131.13 131. T5 177.16 171.64 02.19 I3L e0 170.45 129.16 
I Q7000 1910.00 1149.14 1609.43 1501. I5 1411.07 1750.71 1195.96 1150.83 111).27 

7500'0 619.69 616.11 01).00 110.29 007.92 005. e0 604.05 597.09 594.69 
60000 676.02 612.12 661.72 665.77 667.19 060.9) 656.96 657.24 6ae. 76 
65000 732.76 720.0 114.45 721.25 711.45 716.01 TU.1e 706. s9 /02.81 
70000 768.69 104.14 700.11 776.13 177.12 771.09 166.79 760.95 156.68 
75000 045.0) 640.15 675.90 QL2 827.90 026.16 627.10 615.70 010.94 

60000 901.)6 096.10 091.07 007.69 004.25 161.14 070.62 069.6$ 0e 5.01 
47000 957.70 952.1/ 941.70 K3.11 979.51 9)6.72 9)3.57 924.01 919.07 
90000 1014.0] 1000.10 IOm.Oe 990.65 991.70 99400 9ee.N 91070 917.1) 
93000 1070.71 1064.19 1050.01 ION.l7 1050.01 lOae.N 104775 1072.71 1021.19 
100000 Ill e.T0 1120.20 1114.54 1109.61 1105.71 1101.55 1096.11 IOe 7.06 1081.26 

BASIC MONTHLY PAYMENT 
NECESSARY TO AMORTIZE A LOAN 141ie~ 

TERM 24 IS 16 ]7 ]8 ]9 >0 15 4U 
AMOUNT TEARS YEARS YEARS YEARS YEARS TEARS TEARS TEARS TEARS 

23 .11 JI .71 .71 .11 .11 .Jl .3I .70 
30 .b2 .61 .6I .61 .6I .6l .el .bl .00 
75 .9] .9) .92 .92 .92 .9l .9l .91 .90 
100 1.24 1.27 1.23 1.22 1.22 L ZZ 1.21 1.21 1.20 
200 L N 2.46 2.45 2.44 L« 2.aJ 2.42 2.41 T.aO 

700 ). 71 3.69 1.67 7.66 1.65 l.6< 7.67 7.61 ).60 
400 a,9< 4.92 4.90 4.88 4.87 4.06 <. e4 4.fi1 679 
500 6.17 e. 15 6.12 6.10 6.08 6.01 6.05 6.01 6.99 
600 1.0 7. )i 7.74 7. )2 7.70 7.28 7.26 7.21 7.19 
700 6.64 8.60 8.51 8.54 6.51 1.49 B.al e.<1 6.71 

BOO 9.61 9.83 9.19 9.76 9.17 9.11 9.66 9.62 9.56 
900 I1. 11 II.Ob 11.01 10.96 10.95 10.92 10.89 10.01 10.76 
1000 12.;< 11.29 12.24 12.20 11.16 12.1) 11.10 12.01 11.96 
]000 24.66 N.57 24.41 24.39 14.72 24.26 24.20 14.m 17.95 
]500 70.64 JO JI 70.59 10.48 JO.aO 70.71 10.25 70.Oa 29.9] 

3000 77.01 36.65 )6.10 )6.58 J6.ti ;b. le 76.70 76.04 75.92 
.000 49. J5 49.11 40.9< 48.11 40.67 te. 51 <8.40 t8.0e 47.69 
5000 61.66 el.H 6417 60.96 00 J9 60.6; 60.50 60.01 59.66 
6000 74.02 13.69 77.40 77.15 12.94 TI. Ie 72.60 72.09 71.67 
4040 86.16 85.97 65.6) Bs. 75 66.10 04. e9 14.10 e4. C9 87.60 

6000 96.69 96.25 97.61 97.54 91.25 91.01 96.60 96.11 95.71 
9000 111.02 IIO.sI 110.10 109.1) 109.41 109. Ia 109.90 108.12 107.74 
10000 121. J6 121.91 122.7) IR.91 121.67 121.16 121.00 120. I7 119.71 
11000 135.10 05.09 134.56 Ubll 177.12 U). 39 173.10 171. 1a 171.66 
1]000 146,07 1477/ Ia6.e0 146.70 us.ee N5.51 !45.20 I4a.16 IU.65 

00000 986.64 981.41 918.61 975.)3 972.50 970.06 967.96 961.02 9s7.6< 
83000 IO<B. s2 l0U.e1 1079 J7 1036.16 1077.21 Imo.69 1028.45 1021.08 1017.50 
90000 1110.20 1105.21 1100.93 1091.24 1094,06 1091.32 1061.95 1081. 1< 1077.35 95000 1171.81 1166.62 1161.09 1158.20 1154.64 115695 1149.45 114410 1177.20 
100000 1273.55 1128.02 1223.26 1219.16 1215.62 1112. Se 1209.95 110L21 1197.05 

LOAN PROGRESS CHART 
Showing the dollar balance ram0inin0 par 51000 of loon 

INTEREST 
RATE 

ORIG. 
TERM 2 5 8 

ElAP5E0 TERM IN YEARS 
10 12 IS 1B 20 22 2S 

1 
O 
3/4~ 

10 
IS 
20 
25 
10 

874 
979 
967 
902 
989 

028 
Bl9 
903 
946 
969 

29: 
650 
016 
897 
441 

SI$ 
740 
054 
916 

340 
047 
802 
806 

465 
700 
828 

215 
500 
148 

440 
670 

291 
593 416 

1'1 ~ 
1 

10 
15 
20 
Z5 
70 

075 
940 
968 
982 
990 

031 
eI2 
906 
948 
910 

297 
060 
820 
900 
943 

Sl9 
145 
858 
920 

3<G 
651 
807 
890 

470 
706 
B7J 

210 
566 
754 

445 
685 

295 
600 472 

1 3 °~ 
ss
10 
23 
30 

949 
975 
987 
993 

844 
927 
961 
919 

690 
840 
912 
959 

551 
779 
887 
941 

771 
691 
412 
9lT 

508 
740 
869 

142 
bl2 
798 

408 
113 

329 
650 478 

1 3 1~4 ~ 

10 
15 
1a 
2S 
70 

800 
950 
976 
988 
994 

055 
846 
925 
961 
980 

313 
694 
BSI 
924 
961 

554 
783 
890 

374 
695 
046 
920 

513 
753 
871 

245 
618 
807 

493 
739 

333 
656 484 

4 0~4 ̀~ 
10 
ss
m 
25 
10 

895 
956 
980 
990 
995 

611 
861 
930 
970 
905 

326 
Tl5 
869 
9)8 
970 

577 
806 
908 
955 

394 
722 
867 
936 

541 
781 
894 

263 
649 
030 

524 
770 

358 
689 Slb 
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