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Lesson 15: Why Were Logarithms Developed?

Classwork

Exercises

1.

Solve the following equations. Remember to check for extraneous solutions because logarithms are only defined for

positive real numbers.
a. log(x?) =log(49)

b. log(x + 1) +log(x — 2) = log(7x — 17)

c. log(x?+1) =log(x(x —2))
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d. log(x +4) + log(x — 1) = log(3x)

e. log(x?—x) —log(x —2) = log(x — 3)

f.  log(x) +log(x — 1) + log(x + 1) = 3 log(x)
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g. log(x —4) = —log(x —2)

How do you know if you need to use the definition of logarithm to solve an equation involving logarithms as we did
in Lesson 15 or if you can use the methods of this lesson?

2.
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Lesson Summary

A table of base-10 logarithms can be used to simplify multiplication of multi-digit numbers:

1. To compute A - B for positive real numbers A and B, look up log(A) and log(B) in the logarithm table.

2. Addlog(A) andlog(B). The sum can be written as k + d, where k is an integer and 0 < d < 1 is the decimal
part.

Look back at the table, and find the entry closest to the decimal part, d.
4. The product of that entry and 10 is an approximation to A - B.

A similar process simplifies division of multi-digit numbers:

A
1. Tocompute 3 for positive real numbers A and B, look up log(A4) and log(B) in the logarithm table.

2. Calculate log(A) — log(B). The difference can be written as k + d, where k is an integer and 0 < d < 1is the
decimal part.
3. Look back at the table to find the entry closest to the decimal part, d.

A
4. The product of that entry and 10¥ is an approximation to 7

For any positive values X and Y, if log;, (X) = log;,(Y), we can conclude that X = Y. This property is the essence of
how a logarithm table works, and it allows us to solve equations with logarithmic expressions on both sides of the
equation.

Problem Set

1. Use the table of logarithms to approximate solutions to the following logarithmic equations.

a. log(x) = 0.5044

b. log(x) = —0.5044 (Hint: Begin by writing —0.5044 as [(—0.5044) + 1] — 1.)
log(x) = 35.5044

d. log(x) =4.9201

o

2. Use logarithms and the logarithm table to evaluate each expression.

a. +2.33

b. 13500-3600
7.2 x 10°

C. - -
1.3 x 105

3. Solve for x: log(3) + 2 log(x) = log(27).

K A Lesson 15: Why Were Logarithms Developed? n
MATH engage™ o

This work is derived from Eureka Math ™ and licensed by Great Minds. ©2015 Great Minds. eureka-math.org (r.:c) This V\-IOI'k is licensed un_der_a . i .
This file derived from ALG II-M3-TE-1.3.0-08.2015 Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.



http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US

NYS COMMON CORE MATHEMATICS CURRICULUM Lesson 15 m

10.

11.

12.

13.

14.

ALGEBRA Il

Solve for x: log(3x) + log(x + 4) = log(15).

Solve for x.

a. log(x) =log(y +z) + log(y — 2)
b. log(x) = (log(y) + log(z)) + (log(y) - log(z))

If x and y are positive real numbers, and log(y) = 1 + log(x), express y in terms of x.

If x, v, and z are positive real numbers, and log(x) — log(y) = log(y) — log(z), express y in terms of x and z.
If x and y are positive real numbers, and log(x) = y(log(y + 1) — log(y)), express x in terms of y.

If x and y are positive real numbers, and log(y) = 3 + 2 log(x), express y in terms of x.

If x, v, and z are positive real numbers, and log(z) = log(y) + 2 log(x) — 1, express z in terms of x and y.

Solve the following equations.

a. In(10) —In(7 — x) = In(x)

b. In(x+ 2) + In(x — 2) = In(9x — 24)
c. In(x+2)+In(x—-2)=In(-2x-1)

Suppose the formula P = Py(1 + 7)¢ gives the population of a city P growing at an annual percent rate , where P,
is the population t years ago.
a. Find the time t it takes this population to double.

b. Use the structure of the expression to explain why populations with lower growth rates take a longer time to
double.

c. Use the structure of the expression to explain why the only way to double the population in one year is if there
isa 100 percent growth rate.

Ifx>0,a+b>0,a>b,andlog(x) =log(a + b) + log(a — b), find x in terms of a and b.

Jenn claims that because log(1) + log(2) + log(3) = log(6), then log(2) + log(3) + log(4) = log(9).

Is she correct? Explain how you know.

b. Iflog(a) + log(b) + log(c) =log(a + b + ¢), express c in terms of a and b. Explain how this result relates to
your answer to part (a).

c.  Find other values of a, b, and c¢ so that log(a) + log(b) + log(c) = log(a + b + ¢).
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15. In Problem 7 of the Lesson 12 Problem Set, you showed that for x > 1, log(x +Vx? — 1) + log(x —Vx? — 1) =0.
It follows that log(x +Vx? — 1) = —log(x —Vx? — 1). What does this tell us about the relationship between the
expressions x + Vx? — land x — Vx? — 1?

16. Use the change of base formula to solve the following equations.

a. log(x) =loggo(x? — 2x + 6)

b. log(x —2) =logyp(14 — x)

c. logy(x +1) =log,(x*+3x + 4)

d. logy(x — 1) =logg(x® — 2x% — 2x + 5)

2 1n(3)+Inx)

17. Solve the following equation: log(9x) = In(10)
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Common Logarithm Table

N 0 1 2 3 - 5 6 7 8 9
1.0 0.0000  0.0043  0.0086 0.0128 0.0170 0.0212  0.0253  0.0294 0.0334 0.0374
1.1 0.0414  0.0453 0.0492 0.0531 0.0569 0.0607 0.0645 0.0682 0.0719 0.0755
1.2 0.0793  0.0828 0.0864 0.0899 0.0934 0.0969 0.1004 0.1038 0.1072  0.1106
1.3 0.1142  0.1173  0.1206  0.1239  0.1271  0.1303  0.1335  0.1367 0.1399  0.1430
1.4 0.1465 0.1492  0.1523  0.1553 0.1584 0.1614 0.1644 0.1673 0.1703  0.1732
1.5 0.1765 0.1790  0.1818 0.1847  0.1875 0.1903  0.1931 0.1959 0.1987 0.2014
1.6 0.2046 0.2068 02095 0.2122 02148 0.2175 0.2201  0.2227 0.2253  0.2279
1.7 02310 0.2330 0.2355 0.2380  0.2405 02430 0.2455 02480 0.2504  0.2529
1.8 0.2558 0.2577 02601 0.2625 0.2648 02672 0.2695 02718 0.2742 0.2765
1.9 02793  0.2810 0.2833  0.2856  0.2878 0.2900 0.2923  0.2945 0.2967  0.2989
2.0 03016 03032 03054 03075 03096 03118 03139 03160 03181  0.3201
2.1 0.3228 0.3243 03263 0.3284 03304 0.3324 03345 03365 03385  0.3404
22 0.3431 03444 03464 03483 0.3502 03522 03541 03560 0.3579  0.3598
23 03624 03636 03655 03674 03692 03711 03729 03747 03766 0.3784
24 03809 0.3820 0.3838 0.3856 03874 0.3892  0.3909 0.3927 0.3945 0.3962
2.5 0.3986  0.3997 04014 04031 04048 04065 04082 04099 04116 04133
2.6 04156 04166 04183 04200 04216 04232 04249 04265 04281 0.4298
27 0.4320 04330 04346 04362 04378 04393 04409 04425 04440 0.4456
28 0.4478  0.4487 04502 04518 04533 04548 04564 04579 04594  0.4609
29 0.4631 04639 04654 04669 04683 04698 04713 04728 04742 04757
3.0 04778 04786 0.4800 04814 04829 04843 04857 04871 04886 0.4900
3¢l 0.4920 04928 04942 04955 04969 04983 04997 05011 0.5024 0.5038
32 0.5058  0.5065 0.5079 05092 0.5105 05119 05132 05145 05159 05172
33 0.5192  0.5198 05211 0.5224 05237 0.5250 05263 0.5276  0.5289  0.5302
34 0.5321  0.5328 0.5340 0.5353 0.5366 0.5378 0.5391 0.5403 0.5416  0.5428
355 0.5447 0.5453 0.5465 0.5478 0.5490 0.5502 0.5514 0.5527 0.5539  0.5551
3.6 0.5570 05575 0.5587 05599 0.5611 05623 0.5635 0.5647 0.5658 0.5670
3.7 0.5689 0.5694 05705 0.5717 05729 0.5740 05752 0.5763 0.5775 0.5786
38 0.5804  0.5809 05821 0.5832 0.5843 0.5855 0.5866 0.5877 0.5888  0.5899
3:9 0.5917  0.5922 05933 0.5944 05955 0.5966 0.5977 0.5988  0.5999 0.6010
4.0 0.6027  0.6031 0.6042 0.6053 0.6064 0.6075 0.6085 0.6096 0.6107 0.6117
4.1 0.6134 06138 0.6149 0.6160 0.6170 0.6180 0.6191 0.6201 0.6212  0.6222
42 0.6239 0.6243  0.6253  0.6263  0.6274 0.6284  0.6294 0.6304 0.6314 0.6325
43 0.6341  0.6345  0.6355 0.6365 0.6375 0.6385 0.6395 0.6405 0.6415 0.6425
44 0.6441 0.6444 0.6454 0.6464 0.6474 0.6484 0.6493 0.6503 0.6513  0.6522
45 0.6538  0.6542  0.6551 0.6561  0.6571  0.6580 0.6590 0.6599 0.6609 0.6618
4.6 0.6634  0.6637 0.6646 0.6656 0.6665 0.6675 0.6684 0.6693 0.6702 0.6712
47 0.6727 0.6730 0.6739 0.6749 0.6758 0.6767 0.6776 0.6785 0.6794  0.6803
48 0.6818 0.6821 0.6830 0.6839 0.6848 0.6857 0.6866 0.6875 0.6884  0.6893
49 0.6908  0.6911 0.6920 0.6928 0.6937 0.6946 0.6955 0.6964 0.6972  0.6981
5.0 0.6996  0.6998 0.7007 0.7016  0.7024  0.7033  0.7042 0.7050  0.7059  0.7067
S 0.7082  0.7084 0.7093 0.7101 0.7110 0.7118 0.7126 0.7135 0.7143  0.7152
5:2 0.7166  0.7168 0.7177 0.7185 0.7193  0.7202 0.7210 0.7218 0.7226  0.7235
53 0.7249  0.7251  0.7259 0.7267 0.7275 0.7284 0.7292 0.7300 0.7308 0.7316
54 0.7330  0.7332  0.7340 0.7348 0.7356 0.7364 0.7372  0.7380 0.7388  0.7396
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N 0 1 2 3 -+ 5 6 7 8 9

53 0.7404  0.7412  0.7419 0.7427 0.7435 0.7443  0.7451 0.7459 0.7466  0.7474
5.6 0.7482  0.7490  0.7497 0.7505 0.7513  0.7520  0.7528 0.7536  0.7543  0.7551
54 0.7559 0.7566 0.7574 0.7582  0.7589 0.7597 0.7604 0.7612 0.7619  0.7627
5.8 0.7634  0.7642 0.7649 0.7657 0.7664 0.7672  0.7679 0.7686  0.7694  0.7701
59 0.7709 0.7716  0.7723  0.7731 0.7738 0.7745 0.7752 0.7760 0.7767  0.7774
6.0 0.7782  0.7789 0.7796  0.7803  0.7810 0.7818 0.7825 0.7832 0.7839  0.7846
6.1 0.7853  0.7860  0.7868  0.7875 0.7882  0.7889  0.7896  0.7903  0.7910  0.7917
6.2 0.7924  0.7931 0.7938  0.7945 0.7952  0.7959 0.7966 ~ 0.7973  0.7980  0.7987
6.3 0.7993  0.8000 0.8007 0.8014 0.8021 0.8028 0.8035 0.8041 0.8048  0.8055
6.4 0.8062  0.8069 0.8075 0.8082 0.8089 0.8096 0.8102 08109 0.8116 0.8122
6.5 0.8129 0.8136 0.8142 08149 0.8156 0.8162 0.8169 08176 0.8182 0.8189
6.6 0.8195 0.8202 0.8209 0.8215 0.8222 0.8228 0.8235 0.8241 0.8248  0.8254
6.7 0.8261  0.8267 0.8274 0.8280 0.8287 0.8293  0.8299 0.8306 0.8312 0.8319
6.8 0.8325 0.8331 0.8338 0.8344 0.8351 0.8357 0.8363 0.8370 0.8376  0.8382
6.9 0.8388 0.8395 0.8401 0.8407 08414 0.8420 0.8426 0.8432 0.8439  0.8445
7.0 0.8451 0.8457 0.8463 0.8470 0.8476 0.8482 0.8488 0.8494 0.8500 0.8506
7.1 0.8513 0.8519 0.8525 0.8531 0.8537 0.8543 0.8549 08555 0.8561 0.8567
7.2 0.8573  0.8579 0.8585 0.8591 0.8597 0.8603 0.8609 0.8615 0.8621 0.8627
13 0.8633 0.8639 0.8645 0.8651 0.8657 0.8663 0.8669 0.8675 0.8681 0.8686
7.4 0.8692 0.8698 0.8704 0.8710 08716 0.8722 0.8727 0.8733 0.8739  0.8745
15 0.8751 0.8756 0.8762 0.8768 0.8774 0.8779 0.8785 0.8791 0.8797 0.8802
7.6 0.8808 0.8814 0.8820 0.8825 0.8831 0.8837 0.8842 0.8848 0.8854  0.8859
7.7 0.8865 0.8871 0.8876 0.8882 0.8887 0.8893 0.8899 0.8904 08910 0.8915
7.8 0.8921 0.8927 0.8932 0.8938 0.8943 0.8949 0.8954 0.8960 0.8965 0.8971
7.9 0.8976  0.8982  0.8987 0.8993  0.8998 0.9004 0.9009 09015 0.9020 0.9025
8.0 09031 09036 0.9042 09047 09053 0.9058 0.9063 0.9069 0.9074 0.9079
8.1 0.9085 09090 0.9096 09101 09106 09112 09117 09122 09128 0.9133
8.2 09138 09143 09149 09154 09159 09165 09170 09175 09180 0.9186
8.3 09191 09196 09201 09206 09212 09217 09222 09227 09232  0.9238
8.4 0.9243 09248 09253 09258 09263 09269 09274 09279 09284  0.9289
8.5 0.9294  0.9299 0.9304 09309 09315 0.9320 09325 09330 0.9335 0.9340
8.6 0.9345 0.9350 0.9355 09360 09365 09370 09375 09380 0.9385  0.9390
8.7 0.9395  0.9400 0.9405 09410 09415 09420 09425 09430 09435 0.9440
8.8 0.9445  0.9450 09455 09460 0.9465 0.9469 09474 09479 0.9484  0.9489
8.9 0.9494  0.9499 09504 09509 09513 09518 09523 09528 0.9533  0.9538
9.0 0.9542  0.9547 09552 09557 09562 0.9566 09571 09576 0.9581 0.9586
9.1 0.9590 09595 0.9600 0.9605 0.9609 0.9614 09619 09624 0.9628  0.9633
92 0.9638 0.9643 0.9647 09652 09657 0.9661 0.9666 0.9671 0.9675 0.9680
93 09685 0.9689 0.9694 09699 09703 09708 09713 09717 09722 0.9727
9.4 09731 09736 09741 09745 09750 09754 09759 09763 09768 0.9773
955 09777 09782 09786 09791 09795 0.9800 0.9805 09809 09814 0.9818
9.6 09823 09827 09832 09836 09841 09845 09850 09854 0.9859 0.9863
9.7 0.9868 09872 0.9877 09881 09886 0.9890 0.9894 09899 0.9903 0.9908
9.8 09912 09917 0.9921 0.9926 0.9930 0.9934 0.9939 09943 09948  0.9952
9.9 0.9956 09961 09965 0.9969 0.9974 09978 09983 0.9987 0.9991 0.9996
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