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Logarithmic Rules, Ln rules and Exponentials

My Maths

The key to success at logs is not just knowing your rules, but knowing WHEN TO USE THEM and being good at algebra to simplify/solve after.
It is just a process of elimination! If one rule doesn’t work ask yourself, can | apply the other? You often have to use multiple rules in one
question. The rules work both ways, not only from left to right, hence the < sign below.

. Logs have the form of base and an argument i.e. log, b wherea > 0,b > 0

. log b =log,, b (when no base is written it means base 10 by default)

ul

Logs questions are mainly about simplifying questions (most of column 2) versus solving questions (column 3).
Graphing and differentiation have also both been included at the very bottom of this column for completeness

Simplifying (there are 6 types)

Solving (t

Each solving type below is covered with examples in the corresponding column (the first time each tip appears is written in green)

e are 4 types

solving log, In, exponentials

Name Of Rule: Inverse Rule (aka snail rule)

In Words/Pictures and when we use

Method for examples 1-2: Use rule 1 from right to left
Method for examples 3-8: Use rule 1 from left to right
v Way 1: If you have a calculator: type these straight in instead (look for the log button with a base which is sometimes hidden). =0 Slog =
v Way 2: If you don’t have a calculator set the given log equal to x and solve for x.

Method for examples 9-20: You can write the answer by using the cancellation laws

Method
If 2 terms: Log of both sides and use rule 4
If 3 terms: Use indices rules and then becomes a hidden
quadratic (if have 3 terms). Proceed as above after.

Method
Take the natural log of both sides

Method
Userule log;b=cea=b
If more than one log condense using rules 2/3
If a coefficient in-front use rule 4 first

Method
Either replace as log,, x and proceed as
normalin type 3 or raise both sides to the
power e

Summary

All Log Rules

Rulel:log,b=cea‘=b 3 D
Rule 2: clog, b < log, b° Jog (&)= Olog (¥)

Rule 3: log, bc & log, b +1log, ¢ log(*1)=log(a)+log(&

b 4 <@
Rule 4: loguz <log,b—log,c log 7 =logil- lug“

Rule 5: log, b & fog.b

logea (optional to learn —is not in your syllabus)

Rule 1: Any log can be written in index form and vice versa.
Rule 2: We can bring the power up and down
Rule 3: one log multiplied goes to two logs added and vice versa
(need to use rule if there is no 1 in front)
Rule 4: one log divided goes to two logs subtracted and vice versa
(need to use rule 1 if there is no 1 in front)
Rule 5: We can change the base of any log

sety = 0and solve for

an exponentialin mind.

Step 2: Find where graph crosses the x axis
x (raise e both sides)
Step 3: Find where graph crosses the y axis

Step 4 : connect the features found above
Keep in mind that we don’t touch

(tend to it) and cross the intercepts found with the general shape of

This is covered in detail the differentiation and integration advanced techniques sheet. This has just been put here as. Reminder that it exists.

y=Inf(x)=

o _ ™
dx f(x)

[

0

JInx = [1xInx and use parts

y=ef)= 2= el

If there a product use the rule
log(ab) = loga + logh

Group the x terms as usual and solve

3terms?

Treat as a hidden quadratic first, get

the solutions and and then proceed

3terms?

solutions and a

as above above
e -
In both sides
Ine®- |n

If there a product use the rule
In(ab) =Ina+Inb
Group the x terms as usual and solve

Treat as a hidden quadratic first, get the

nd then proceed as up first

neE®-In
So we get
In

Solve from here

I
then

and use:

Note: If no 1 infront of the logs bring the power

Now you should have the form

l b _ C __ b Words: Write 4° = 64 1 Solve Solve Solve Solve for x:
Oga =C = a = Logs are just the inverse of indices. This rule turns a log into an index form as a logarithm iitels =5 simplify log 1000 Evaluate log, 8 simplify logs 1 Simplifylogzli6 Simplifylogzs%5 Simplify log, 8 5X_z =7 ezx =10 logyx =3 Inx—-2)=5
(gets rid of it) and vice versa. In other words, Any log can be written in index as a logarithm 57 =7 e =10 log,x =3
form and vice versa. 43 =64 32 - 1 When no base is log,8=x logz1=x logzi —x lﬂgzsLZS —x log, 8 =x Ln both sides: ‘e have the form 1 log equal to a number which | Rjise e both Replace with
9 written it means 16 NG Log both sides: logs7 =x—2 Ine®* =1n10 is what we want sides: log, x:
Picture log, 64 =3 1 base 10 Let’s do this way 2 Let’s do this way 2 4*=8 log5%~2 =log7 e!™ cancels Use ‘snail rule’ eIn(x-2) = o5 10gee(x -2)=5
- 2 i ) . 2yx — 23 _ b -
log3§= _2 10g101000 2¥=8 S Let's do this ‘1"’aV2 Let’s do this WSaYZ @H*=2 Use Power rule logs7 =x—2 3x=1In10 23_—; el cancels Using the Snail
_ = 2% = — st_i ) 5 (x—2)log5=1log7 In10 x= x—2=¢e5 Rule:
B Type this into calc Need all to be base Need all t ;6b B 5% =2 Expand Type logs7 into your =3 Lx=e5+2 eS=x-2
2 Need all to be base eed all to be base log5)x — 21og 5 = log 7 calculator x=e5+2
OR set equal t H (log5)x —2log 5 = log Lx=eS+
andsss:azl:x?/ 10 * 2¥ =23 3 " o 2 2% — g4 5% =52 2x=3 Get x on one side alone \Way 1 is best, so this way will be used in all
log,0 1000 = x Equate the pawers ¥ =3 Equate th_e owers 2x = E 3 (logS)x =log7 + 2log5 121=x-2 Soive Solve lexamples below
“The power you raise a to get cis b” 10% = 1000 x=3 Equate;h: ;[J)owers 9 s f4 52 x=35 _log 7l+ ZSIOgS vo321 2e*3=5 log; x+log, (x — 3) = log, 4
When/How Do We Use This? Common Mistakes And Where Students Go Wrong x=3 X=3 log7?+glog 2 ’ 2e¥3=5 We have 2 logs so we need to combine them T
—_5° o f olve Tor x:
The rule works both ways (from right to left and left to right) Failure to realise the following extra cancellation laws resulting from this rule: L - log5 Re-arrange first Don't re-arrange first ILTstiZ;rr]:ulriplicarion Rule 2 Inx +In(x —3)=0
> Lefttoright: log, b = c is replaced with a® = b (see examples 3-8) Log \:G;b/ = Simplify logy 1 Simplify log, b Simplify log, ¢5 Simplify log, ¢3 Simplify Simplify = l(:g 1;5 =321 px-3 3 In(2e*3) =1n5 log, x(x — 3) = log, 4 Using the Multiplication Rule on the LHS:
v' We use this to turn a log into an index form which is mainly for Lo / / i a log, 1 lOglb b e besﬂgr R o e e e, s We have only 1 log on each side so can equate Inx(x—3)=0
— x-3_ _
solving type questions when we want to get rid of the log in order N log 1=0 . . forms, so this way will be used in all examples below Ln both sides: et heareuments 3)=4 s ;) =
to solve for the unknown (see examples 71 onwards, but don’t do ° log,a=1 (see examples 9-20) - - " e in2 3 oS zx(x -3) =4 ;C(x -3) —_1
h . log, a* = x Simplify 3 log. C* Simplify 31°8:7 Simplify al98a® Simplify 810825 Simplify 3 log. C* Simplify 31°8:7 In(e*-3) = In (7) n2+(x-3)=Ih x?—3x—4= x?=3x-1=0
these yet) log“ X . 3log, C* Jlogs 3log, C* Solve for x- 2 x—4x+1 Use quadratic formula
. a'°8e* = x (very often missed by students) c =2 C NEHaE y—3=In (5) x=In5+mn2+3 x=3andx = -1 x = —0.303,x = 3.303
- . 2 Check if this makes any of the arguments of the
. S . _ =3(4 = plog:5* =3(4 y (4
Right to left: a® = b is replaced with log, b = ¢ If we apply the rule, the above make sense right? ©)] -7 -6 i ©)] =7 o both sices (i I)OA 3* <5 =In (E) +3 x=1In (§) 43 |logs in the original question negative
i i i - . . . . . . . = og both sides (like usual): = _ : . .
v' We use this to turn an. index form into a Iog.‘ (see examples 1-2) . a® = 1 (turning into an index gives this which is true) —12 5 —12 8 o 0.3% < log5 2 2 x = —1 does give log (r;eganve) Solve for x: . na
yvj vefry rafely us;a this UNLESS we.a:'e spemﬁsally askeld to turn an . . a' = a (turning into an index gives this which is true) =125 x10g0.3 < log5 Hence x = 4 only n2+Inx =In
index form into a log. We CAN use it Aater on (in examples 50 onwards, . a* = a* (turning into an index gives this which is true) watch out for sign swapping with inequalities  [Solve . In2+Inx=In4
but don’t do these yet), however | will show a nicer method that allow A . log5 3742 = 5ex-3 Solve Using the Multiplication Rule on the LHS:
one to appreciate how the 4 solving things link up ° 10g x = log, x and then turn into an indices x> 8 1 +logy(x—2) =3 In(2x) =In4
. 082 X 0; X — =
Given: Given that: Given that log, 32% can be Simplify Simplify Simplify Note: The sign sw;o:g ‘s)i.n3ce 1020.3 < 0 £z 52
logs x = p and logsy = q logiox = a,log;oy = band ) & 2logy + 3logz? 5logs x3 — 4log; y? 2log, 12 — 3log, 5 — 2log, 2 - g ¥ el Re-arrange first Don'’t re-arrange first log, x +logy(x —2) =3 Raise e both Since we have I’
Find: logipz=c¢ O EBEES < (R We have 2 logs so we need to combine them sides: on both sides we
Name: Power In Words/Pictures ilogs x2y% int fp & Find: 342 3542 = 5e¥-3 into one In(2%) = oln4 i
0 b B ] = = t t
Word / : logg Ji‘y " ermsf ? SI: ¢ 1 X2yt o - Find the value of p and q Solve 9 (1 + Zn) > 1000 ex3 Using the multiplication Rule: ¢ 2x = : ::: iahll';u?\q::t:
[ lords: iilogs = intermsofp & q 0g19 5= intermsofab&c 1 (x-2)=3 =
C 10 b = lO b . . ¥2 Ve 2\™ Ln both sides: 082 x{x nx=2
ga ga We can bring the power up and we can also bring the power down. The rule i Xyt Work on LHS When no base is written, it Slogs x° — 4log; y? log, 12% — log, 5° — log, 22 9+9 (§) > 1000 o245 — g log,(x? —2x) = 3 x 2x=4
works both ways. logs x2y? logso 3z 32% means base 10 (but don’t N Ine3¥+2 = | 5ex-3 We do not have a log on both sides so we have to x=2
= logs x? + logs y*® =log,o x2 + logo y* lOgZW need to write it) = logs(x?)® —logs(y?)* = log, 144 9 (g) >991 Ln both sides: 3x 42 use snail rule now
Picture: = 2logs x + 3logg y Jog z% = l(igz 3;; - lolgz 83;3 logy2 + log(zz)3 —log, 125 — log, 4 AT 991 —In5+Ine*3 Using the Snail Rul2e3: :
N N N =2p+3 — V810 =xlog —ylog: =1 15 _ |, 8 (7) >— 2X+5 — =x°—-2x
Associated Indices Rule Link i. P N =logy? +logz® BT OBy = log, 144 3 9 Ine*>=In5 ix1+52+1 s 2 —2x—8=0 Solve for x:
_ gy 8 2 Log both sides n ne In(4—2 In(9 — 3x) = 21
c 4 = 2logyox +4logypy _ _ n(4 — 2x) + In(’ x) n(x + 1)
b bc ] 2= 0] I 10 10 x15 — (log; 125 + log, 4) nn 901 2x+5=In5 _In5-5 x=9)x+2)=0
a S a og (¥) = og (%) o0gs =5 - Lioguoz Compare to RHS px + qy — logy?z5 = loga 5 " e log (E) > 1og 2L Tins-s x=— _ x=dandx=-2 A lnE:l- - Zf? + In(9 - 3|x) = iln(x + 13
This is the same in terms of the fact we multiply by the power, ]0g ( :;;‘) =00 log ( &y ) =i<;gs x* flzolgs y? 1 “p=S5andq=-3 =log, 5es = 082 o l (2) - 02 ) Srerlc: ':fh'ehfrQ:';TZZZL?;:}LQEZ;?QTE"“ of the :J;‘w’rv\srtRilerzfl;)ouch:o‘T]:::;n‘ e LHS and tl
. . . . = - = —— nlo, 5 0g —— 3 g
except with logs we bring the power to the front and multiply it - z o llgf'lx _3 85y =2a+4b-3c 913 M Lx=4 In(4 — 2x)(9 — 3x) = In(x + 1)?
at the front log( A ):ZZ log( 9 ) —2p q Swap the inequality sign since dividing by a negative Sol Equate the arguments:
. 991 olve :
log =5~ x (4—2x)(9—3x) = (x + 1)?
9 2e
n< L C R Sol i i i
- - 1og (%) T—4e® 0l velogz(lly e f:fni:-dmg the brackets and collecting the like
When/How Do We Use This? Common Mistakes And Where Students Go Wrong e e Let: Let: n<-116 2e* = 5(1 — 4e¥) 6x2—12x—18x +36= x> +x+x+1
. . i . . log,(11y — 5) —log, 3 = 21o, +1 - - =
The rule works both ways (from right to left and left to right) This is a really really common mistake!!!! log, 16 =p p =log, 16 and g = log, 25 log, 5 =pandlog,2=¢q u =log, 2andw = log, 3 i?)xx: 52’30’3; Weﬁrs%zn(eedythe lr)\’stoggeztheron oﬁ;)s/ide 5x2—32x+35=0
The power rule is for the of the argument , NOT the power of the entire Find in terms of p: Wwhere a is a constant Find in terms of p and/or q: where p > 1 " N loga e” + 2e* — log,(11y — 5) — log, 3 — 21 -1 From the calculator:
lo P ¢ P i log, 2 Find in terms of p and/or q: ilog, 10 Find: Solve 27772 = 3222, Give your answer in form logh 22e% = We d;’r%’zt(hav}; coeiﬁcie(;gt: of 1, sooﬁéeyd to use x=5andx =2
»  Left to right: clog, b is replaced with log, b¢ Th% the rul s ii.  logg8q i. log, 256 iilog, 8 i. log,6 22%43 _ 32x42 ot = S5 power rule ! Substituting x = 5 into the origiial equation
- - is means the rule works for i =
v' We use this bring the power up if we want to use rules 3 or 4 oz 5° = clog. b ii.log, 100 iii.logg 2.5 ii. Llog, (E) Log both sides: Ln both sides: 2 Applying the Power Rule for log: yields negative In
below or to get into a certain form " 0800 = €108a - TN T iii. log, 80 X log, 3.2 : 2N : 46 log 22%*3 = log 32¥+2 ; 5 log,(11y — 5) — log, 3 — log, y2 = 7
(These questions are too easy to come up on their own. Wait owever, - 5¢ '08q +108a , I i logy (2x +3)log2 = (2x +2) log3 Ine* = no> Using the Division Rule for log: ax=g
. e . (log, b)* is NOT the same as ¢ log, b =log, 2 =log, 16 log, 10 =log,2-3 Multiply out (remember log 2 and log 3 are just numbers) 1
until you cover multiplication and division below) a . a = 4log, 2 =21log. 16 =1loga(5 X 2) =1 241 3 x=1In i lo; Y 1
(log, b)" means the entire log raised to the power of ¢ whereas log, b¢ mean = 4logg - zga . gg w2 = log, 2 +log, (2log2)x +3log2 = (2log3)x +2log3 =22 82732
> Right to left: log, b° is replaced with clog, b only the argument b is raised to the power of ¢ Hence 4log, f) =p iilog, 100 = log, (25 x 4) =4 - gz"p +q Ba =utw :’:e h?‘/e‘m“'“p'le x terms so we need to group them and Apply snail rule Solve for x giv;ng exald(somﬁ';)n: .
. a a . 1 2= : T en factor x ou 11y -5 nx+In(x —3) =
We use this to get into a certain form Hence: . 08at=y = loga 25 + log, 4 N i. >log, (271}&) (2log2)x — (2log 3)x = 2log3 — 3log 2 Solve 3¥e#-1 = 5 37 2t nx+n—3)=0
(log, b)° # clog, b = q +log, V16 i. 2 B - x(2log2 — 21og3) = 2log3 — 3log 2 . ) asinb g2 nxd =
i log, 8q 1 log, 8 1 | 3%p 21083 — 3log 2 giving your answer in the form g 121)’ 5 =6y’ Use the Multiplication Rule for log on the LHS|
’ =q+log, 16 —log, 23 =3logp (52 x=2—22 ° 5% 6y?—1ly+5=0 In(x(x —3)) =0
=log, 8 +log,q 2 =108q 2log2 — 2log3 3xg4x-1 -5 n{x(x
RTINS " _ 1 = ) (6y —6)(6y —5) =0 In(x(x-3)) — 40
Name Of Rule: Multiplication (aka Product Rule) In Words/Pictures = 105;1 2 ; 1 . =q+5p il‘;%“ 2 = %(mgp 33 + log, p* — log, 22) = l0g9 —log8 Ln both sides: (3¢ = 1n -D(6y-5=0 e):gx 3)) _
=3log,; 2+ log4 —1log9 n(3*e*~1) =1n o _5 -
Words: 1 iii.log, 80 x log, 3.2 1 — sy=landy=> 2 3y_1=0
@ L . X P 3 a a =-(3log, 3 + 41 —2log, 2 9 Use the Multiplication Rule LHS: 6 x X =
loga bc loga b + loga Cc One log multiplied can be turned into 2 logs added and vice versa =3 (Z) tl=gp+ 1 =log, 16 X 5 + logaﬁ iii. 2 (3 8p o8 P 0g, 2) oy logg 3% + In(e™1) =In5 This can’t be factorised, so using the calculator|
1016 " logg 2.5 = Elogp 3+ 2log,p —log, 2 log% Use the Power Rule for log on the LHS: " T 1= 3%@ =3.303
- - - Picture: =log, 16 +1log, 5 + loga? =log,~ 3 xIn3+4+4x—1=1In5 Solve 87 = 4 and log, y = log , (x +4) sy
Associated Indices Rule Link l ( i ) 1 ( - ) 1 ((_;ﬁ ) =log, 16 +log, 5 +log, 16 —log, 5 =log,5— lfjg 2 =gw-ou+2 x(In3 + 4)1= lln55+ 1 Deal with each equation separately first oot )ang Xz —IfT = —00.303
b c b+c og 1= og o )+ Og o =2log, 16 bas e Solve 6%(2%~1) = 3(5%+2) _1+In 8Y = 42%+3 Since In(x) exists only for x > 0:
aa < a a =p-q x= 31y 2y2
— TS " =2p Ieavingtheanswerinformluﬁ 4+1n3 (_"J =) xzﬂ
For both indices and logs, multiplication goes to addition, but watch out logb 3y=4x+6 2
. L o . 6X(2%1) = 3(5%+2 olve simult: 1
with logs because.lt is the opposite - one Iog mulnplled goes to two logs Lok both sidec. (2%71) =3(5%*%) Find the exact solutions to the equation S y 1
added whereas with indices two bases multiplied go to one base added. g : e2% _8e¥ 412 =0 * — .
iti i i i log 6¥(2*1) = log 3(5**2) 3x4+12=4x+6 Solve for x giving exact solution:
But it is the same notion of two things going to one! Applying the Multiplication Rule: (e¥)2—8e*+12=0 x=6 (Inx)?+2Inx—15=0
Write Write Write llogZS in the Write log, 1) in the i lug(ﬁ) Show that logg x is the same Givenlog, 2 =2 = log 6% + log(2*~1) = log 3 + log(5*+2) (eX —2)(e* — 6) y=10 nx)2+2Inx—15=0
log, 9 in the form 4logsVSintheform | form log 5@ x write = 0) asZlogyx andlogy 5 =y, log6 + (x — 1) log2 = log3 + (x + 2) log5 *=2ande* e
= - 3 og(5 ~log, a2 =Y, = xloj x—1)log2 =1o x 0] e*=2ande Using the substituti =1
When/How Do We Use This? Common Mistakes And Where Students Go Wrong clog, 3 log, b orm log forma ln x z]cg(g) 3 find log, 20 in terms of Expand the Erackets e collgect e ﬁke Tt g Iex = lnaet — e sing the subs uuz inzi = 1“5x= .
The rule works both ways (from right to left and left to right) Mistake 1: in the form7 - = xlog6 + xlog2 —log2 = log3 + xlog5 + 2log5 x=In2,x=Iné6 Solve for y: (w—3)u+5)=0
You can’t expand/distribute a log, it is fixed with its argument, just like trig: This just wants us to 4o 5% 110 125 lo (1) logk —log 1600 log; x log, 20 = xlog6+ xlog2 — xlog5 =log2 +log3 + 2log5 (logsy)? — 7logsy +12=10 u; =3andu, = 5
N i X . turn the 9 into a 3 and 1 B3 28 Ba log1—log2 _ loga 20 = x(log6 +log 2 —log 5) = log 6 +log 25 (logs y)2 — 7logsy +12 =0 ISolving for x; using u;:
> Left toright: loguAbc is replaced with loga b +. log,c log(a £ b) # loga + logh write a number at the 4(5) logs 5 log k — log 1600 _log x = Tog, 2 o (log6 X 2) — log6x 25 Find the exact solutions to the equation Let x = logs y: Inx=3,Inx=-5
¥ We use this to turn one log multiplied into two logs added - - front. Using Rule 4 2 logs 5 =Liogss = logg 1~ log —log2 log. 8 _ loga(4x5) 5, e —3e =2 This is a hidden quadratic Raise to e both sides:
(see example 21 part i and 27. You can do more examples once ® 7= from right to left we This now wants us to 2 lo (1600)‘1 log, 8 s just a number (use " log,2 =x (log—) =log 150 (e%)2 —3e% +2=0 x2-7x+12=0 en* =3 ¥ =5
you get to division below as they often come up together) [ ] get: get rid of the number 1 =0-logyx _o80w) calc or knowledge from _ loga(2x5) 5log 150 (e -D(E*-2)=0 (x=D=3) x ey, —eS= L
: log, 3% at the front. Using = log(5%)2 —_1 —log2 ex.amples 1-6 to help simplify 210 lzgflo . = 12 e?* =1lande? =2 x=4andx =3 R — €5
> Right to left: log, b + log,c is replaced with log, bc 2log, 3 Rule 4 from left to s = 7 08aX —log (7161{00) this) . = 7&1 5 Ba log % Ine® =1In1,Ine?* =In2 Solving for y; using x;:
o @ ooa L =2log i : 3 =7 084 X 08 2x=0,2x=1In2 4=lo
v We use this to turn multiple logs added into one log multiplied. * right welogget.sz = log 52 —log2 =—3 _ 2(2)u+ y * * lnrz] y= Eiy Solve for x giving exact solution:
This is used more than the left to right above. ; _ 10;3 25 _log (13{&) ) 2 = 2 Solve 37 — 7(3%) — 8 =0 x=0x="" _ sy=625 (Inx)? = 4(Inx + 3)
(s.efz ‘example 24. You’ll can more examples once you get to \ - ~x, log2 =3logax =2+3y Notice how here we have 3 terms, not just 2 hence we can’t olving for y, usmg;z:. ogay (lnx)z2 =4(Inx +3)
division below as they often come up together) In(14243) = In1 + In2 + In3 ~a=1600,b=2 log both sides like in the examples above (can’t log a Find the exact solutions to the equation y= 5§ (ln)zc) =4Inx+12
Mistake 2: sum/difference). e +12e™ = -y =125 Using the sukgls‘-éifzﬁo;zliﬁ;xlz -
ONE log multiplied goes to TWO added, two logs do NOT go to two logs! Ln and Expo tials B")?-739-8=0 € 2 _4y—12 =
1 bxl 1 b+1 p Using the substitution: u = 3* = u? = (3%)2 = 32¢ X +L2 =7 w—4du—-12=0
0gq. b X log,c +log, b +log,c The rules for In(x) work the exact same way for log(x). In(x) is just log with a base of e hence log, (x). We prefer to write In(x)! Il nx 3u2—-7u—-8=0 Multioly all by e e* (u: 2)(ud+ Z)_ g
. . There are 2 extra important things to realise though (although its best to look at the worked examples below to get to grips with this - (Bu *88)(11 +1)=0 ey ety e 02% 4 12 = 7eX Solve for x: Solving for x. uliiln;u =
Watch out*: . . as the words below can be confusing for some) a “7?:1 u=zandu=-1 €2 _76% 412 = 0 logax+—2 4320 Y nx —6lnx=—2
® Inorder to use this rule the coefficients of the logs must be 1 . e and In are inverses so cancel each other out when In is in the power of an exponential h'f%' 3% = 2,3’( # —1 since can't take log of a negative | Using the substitution u = e* 54X Tlogex ' ° Raise to e both sides:
log, bc < 1log, b + llog, c. N JEO }n’\ : 8 w2 —Tu+12=0 2 eInx — o6 oInx — =2
) ) = LW logz — - loggx +——+3=0 1
If they aren’t 1, use Power Rule 2 first to bring the power up o - = ﬁ =189 @ —412(ud 3)_ 30 " Tlogyx cx=eSx=e?=—
, . - The In rules work the same as 8 X u=4andu = First get rid of the fraction e
e The bases must match. If they don’t, use rule 5 (not in your course) something . Solving for x; using u;: (logyx)? +3logyx +2 =0
This should make sense since e takes a power, E’ ,therefore the In must be in the power and we can say: log rules: e*=4ande* =3 B4 B4
eIn() — Ina+inb = lna—Inb Solve 4(3%*1) +17(3%) ~7=0 Ln both sides: Using the substitution u = log, x In(2x? + 9x — 5)=1 + In(x2 + 2x — 15).
- a = = 2+3u+2=0 i i
v s - . i e Ina—Inb =In(~ 4(32%+1) +17(3%) -7 =0 In4 = In(e*) and In 3 = In(e*) ut+ Find x in terms of e.
Name Of Rule: Division (aka Quotient Rule) In Words/Pictures . e and In are inverses so cancel each other out when the e |\s in the/argument of In et Sb) Lets get the in the right form to spot the hidden quadratic x—Ind4andx=1In3 w+2)w+1) =0 @ 9% %) 2 15 =1
b Words: E eD)=D Also k o 2:: ne HEIEH+ 176 ~7 =0 Put substituti ub=7kz dn=
log N log b — log c We can make two logs divided into one log divided and vice versa. This is the soknow i 81 —o 12(32“2 +1733%) - 70= 0 Ut subs l;gf;: ;iz andloga x = —1 an2 +9x-5 _
a C a a same as rule2 except we have division instead of addition. . . ne= 12u" 4 17u =7 = _ 1 1 22 +2x—-15
This should make sense since In takes an argument, [l]something therefore the e must the argument and we can say: Ine=1 (12u - 41)(12“ + 21)7— 0 x=4"2= = x=4"1= 7 Factorise
X _ ne* =x u=-andu=—= _ 2x2+9x -5
Picture: o ) ) ) ln(e ) = ) ln — 1 , 2 ) 3 ) 3173—7,1 =i ﬁ=e1
Associated Indices Rule Link lOg [ log @ _ lOg “ You normally don’t get questions like the examples 29-40 below on their own, but they are good grounding to understand solving 3% =7, 3% # — since can'tlog of a negative (e*—3)(e*—1)=8 16 x*+2x
- n3m fx=— .
a® f Simplif Simplif Simplif Simplif — MO o 4e*+3=8 @x-Dts)_
_ implify: implify: implify: implify: et —4e = (v —3D(r+5)
— = ab-¢ In@@) InG) 3G £3In(et1) — €2 —4eX —5 =0 G-+
a eln(2x) oln@?®) e’ In(x) e In(x+1) Solve25 alhi S 2410 Using the substitution u = e* Solve for x: Cancel the common factor
— — - " P _
For both |nd|9es and logs, d{wsmn goes to subtracnon, but watch out with Cancel e!® since they sit next to each other Cancel e!® since they sit next to each other Change bases to match u*—4u-5=0 log, x + 1 =log, x w-1_
logs because it is the opposite - one log divided goes to two logs subtracted =2x -3 (5M)2+5(5%) —24=0 @=5)+1)=0 logy x +1=logyx x—3 ¢
whereas with indices two bases divided go to one base subtracted. But it is = elnx = pln(+1) (Sx; 3)(52* 8)=0 '; - g ang “Xz 711 Change the base on the RHS: Collect common terms
the same notion of two things going to one! Cancel out the e'™ since they sit next to Cancel out the e'™ since they sit next to 5 ; 3‘35 #-8 i both sid _E =5ande” #— logyx+1 = logz x 2x—1=ex—3e
each other each other x= % =0.683 n both sides: wx=1In5 2 iogz 4 5 1o3
- N =3 = 1)3 X = og, X x—ex=1-3e
When/How Do We Use This? Common Mistakes And Where Students Go Wrong = G+l logax +1=——
The rule works both ways (from right to left and left to right) There are 3 common mistakes: Simplify: implify: implify: implify: X 3 g% 2log; x +2 = log, x x(2-e)=1-3e
plify: Simplify: Simplify: Simplify: x -xXy _ 7 = 2e* +e B .
JInGHNG) SINEO+InGY) 2D 4 3 In(e®) Solve 2(4*) +3(4™)—=7=0 T 4 The terms are comlmon we carzuust combine .
3 — 0g, X = —. —3e
In(x)+In(y) In(2x)+In(3y) In(x-1) In(e3% x 27— _ _ . " x=
N A b. . a e e e +3 n(e3*) 2(4%) + 7=0 2ef e X =4(e¥ —e X Using the Snail Rule: 2 -
»  Lefttoright: 1ogu; is replaced with log, b — log,c IOgE # log (a— b) Multiplication Rule: Multiplication Rule: Cancel In(e) since they sit next to each 2047)2 — 7‘%;,() +3=0 20X 4 e* = 4(ex _ 4e—x) € 1 1 €
v We use this to turn one log divided into two logs added 1 1 log, bc < log, b +log, ¢ log, bc < log, b +log, c other @ -3)2@) -1 =0 2e¥ =5e™* x=27"%= 22" %X~
(see examples 21 part ii, 22, 23 and 28-30) osa loga —logh | ONElogdivided goes oga logz = oI = oIn@0),1nG3y) = oG- 4 3 —3x L %
10g b to TWO subtracted, 103 b b Cancel out the e'™ since they sit next to Cancel out the e! since they sit next to Cancel out the e'™ since they sit next to 4% =3,4" = 2 2e* = X
R ) . X b two logs do NOT go each other each other each other 4% =3,4% =271 2(e*)? =5
> Right to left: log, b — log ¢ is replaced with log,l; to %wo logs 8 =xy =2x-3y =(x-12+3 _log3 1 ey = 5
v We use this to turn multiple logs subtracted into one log divided = " - = 6xy =(E-Dx-1)+3 " “loga* "2 2 Solve for x:
‘Watch out* In order to use this rule =x2—x—x+1+3 logz x 4+ 5log, 3+ 6 =0
(see examples 25-26 and 72-74) . Th ficients of the | tbe 1 TR v . 5 83 8x
Questions come up a lot with rules 3 and 4!!! € coeflicients of the logs must be —x —2x+4 e= e F 7 logs x + 5log, 3+ 6 =0
o b1l | b Solve 2(33) — 5(32) — 9(3¥) + 18 = 0 logs 3
1log, b — 1log, ¢ < log, c Simplify: - Simplify: . Simplify: . Simplify: e 2(3)3 —5(3)2 - 9(3) + 18 = 0 x=In g logsx +5 Togsx +6=0
If they aren’t 1, use Power Rule 2 first to bring the power up l“(ezxﬂ) l“(ex+y) 1"(9X+y) l“(92x+y) (3Y+2)(3”-3)(2(3")-3)=0 1 (5 logsx+5 +6=0
2% X 2 x . =
The bases must match. If they don’t’ use rule 5 (not in your course ~ In( ) (e In(e**) In(e®**Y) 3 x=5In (5) 3 logz x
Cancel In(e) since sit next to each other Cancel In(e) since sit next to each other (logs x)z + 5logzx+6=0
=2x+4 =x+y (logzx +2)(logzx+3) =0
A = 2In(e**Y) = 4In(e?*Y) Put subsrituriori back :
Name Of Rule: Change Of Base In WOTdS/PlCtures Cancel In(e) since sit next to eachother Cancel In(e) since sit next to eachother logs x = —2and logy x = —3
. =2(x+y)=2x+2y =4(2x+y) =8x+4y 1 1
lo b Words: X=- x=—
lOg | R=) i You can change the base of a log to anything you want 9’ 27
a logc a ***Exam Tip : Always remember to check whether your solutions are valid, by plugging your answers into the original question and discount if any are negative.
Picture: ] Exponential Step 1: Find the y asymptote You will lose marks if you don’t reject invalid solutions***
h = g a 5
We always use this rule from left to right. b= y b types/process of elimination — , raise to the power of e or snail)
This rulg is not on the 5V|A|abU5r but it makes your life easier to know it as you q Step 2: Find where graph crosses the ¥ axis Type 1: Number to power x Type 2: Exponential to power x Type 3: Log(s) in equation Type 4: Ln in equation
can use if a harder question comes up). It used to be on your syllabus, but got Sety = 0 and solve for x (In both sides to solve. If no solution means no x intercept. something something .something lE]SOmething
taken off. Can’t take In of a negative number) -
Step 3: Find where graph crosses the y axis log both sides In both sides Turn into one log and Snail e both sides
hisi m m V;Ihen/fH:v:l Dkoel ljse RE h =hth T m ied (‘Tomnrlon Mlstaﬁes ed | nak L T - Step 4 : connect the features found above ‘LOgl-lng ’In"mg ‘Snalllng, ’exponentlal’-mg
This is really easy. The ases 0 the logs simply do not match (one might have a This ru e is usually applie quite well. Once you have applied it tough as Keep in mind that we don't touch (tend to it) and cross the intercepts found with the general shape of Checklist first: Checklist first: Checklist first: Checklist first:
base 2 and the other might have a base 3 for example) yourself if any are just numbers and you can apply rule 1 an exponential in mind. 2 terms or 3 terms? 2terms or 3 terms? Are there multiple logs? Are there multiple ln’s?
(see examples 36, 37, 78 and 79) Logarithmic This is just the inverse of the exponential graph (reflection in the ine y=x i.e. swap the x's and y’s) W ) 7 = 2terms only? ) 2terms only? Need to get 1 log equal to a number first Neeq t<‘) ge.t 1 ln.e.q.ual to a number first using the
Step 1: Find the x asymptote log both sides In both sides If more than one log put the logs on the left Multiplication, Division and Power rules.

loga +logb = logab
loga —logh = log%

If more than In put the [n's on the left and use:

Note: If no 1 infront of the ln's bring the power up first
Now you should have the form

Ina+1Inb =logab

a
Ina—Inb=1In

In?= number

log ? = number Option 1:

power e

Raise both sides to

Option 2: replace ln
with log, and use
snail method

Use the snail method

% @

] ()=
e e

& ()

: then

Sowe get

Sobve from here
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