Notes MATH-1400-Es31 2015 July 28

Here is a list of most of the rules of differentiation that you will need in Applied Calcu-
lus. (There are a few more rules, involving logarithms, that we will cover later; they're
listed on the back.) The rules marked with asterisks are the ones that you absolutely
must know, but the others are also handy.

In the rules below, v and v stand for variable quantities, which may be complicat-
ed expressions involving many variables (or may be very simple). On the other hand,

k stands for a constant, which will usually be a simple real number (but could be some-
thing more complicated that evaluates to a constant). Also, a technicality about unde-
fined operations (such as division by zero): what these rules state is that if the right-
hand side is defined, then so is the left-hand side and the two sides are equal.

Each rule is given with an example. In the example, the first step is the application
of the rule, but there may be more steps given by applying other rules or basic algebra.
* dk =0 d(6) =0
* d(uk) = ku*1du d(z°) = 525"t dr = bat da

(
a(l) = YA gy = VIO
(

ku 2x
x  d(uww) =vdu+ udv d(z%y?) = y* d(2?) + 22 d(y°)
= y*(2z dx) + 2%(3y* dy)
= 2zy° do + 322y dy
d(ku) = kdu d(3p*) = 3d(p*) = 3(4p® dp) = 12p> dp
d(u) vdu —udv d(x—|—5>_(m—4)d(a:—|—5)—(x+5)d(x—4)

v V2 x—4 (z — 4)2
(r —4)der — (v +5)dx 9dx
(x —4)° (z —4)°
af du d 2 d(z?) 2xdr xdx
(E)_? (Z)_ 4 4 2
k kdu 1 ldz dx
d<u> ol d(x) 22 a2
x  du+v)=du+dv d(z? + 3z) = d(2?) + d(3z) =2z dz + 3dxr = (2z + 3)dx
d(u+ k) =du d(z+3) =dz
d(—u) = —du d(—2?) = —d(2?) = —2zdx
d(u —v) =du—dv d(2x — 3y) = d(2z) — d(3y) = 2dx — 3dy
d(u—k) =du d(z? — 4) = d(2?) = 2z dx
d(k —u) = —du d(3 —2y) = —d(2y) = —2dy

o d(fw) = Fwae  d(f(9@)) = £(9) d(g9)) = 1'(9(x))g' (@) do

Notice: If you differentiate a scalar expression (one without the differential opera-
tor d in it) involving (say) the variables z, y, and z, then the result can always be put in
the form

(something) dz + (something) dy + (something) dz,

where each (something) is again a scalar expression (no d). If it doesn't come out like
that, then you did something wrong!
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Here are the rules involving logarithms. Using the identities u¥ = exp (vInu) and
log, v = Inv/Inu, you only need the two rules marked with asterisks. (Here, exp u means
e", where e = 2.718 is the base of natural logarithms.)

* d(expu) = expudu

d(exp (x — 2)) =exp(x —2)d(x —2)
=exp(z —2)dx

d(k") = k"Inkdu d(2*) =2%In2dx
d(u’) = v’ Hvdu +ulnudv) d(z”) = 2" Y(zdr+rnzdr) = 2°(1 + Inz)d
du o d(z?+1) 2xdz 2z
* d(lnu)z; d(ln(w +1)): o ::1;2+1::z;2+1dx
du dx 1
(logy. u) ulnk (log; ) zIn3 3z
In k£ du Ined(p — 2
d(log, k) = — 5 d(logp_2 e)=— (2 )
uln®u (p—2)In" (p—2)
__ dp
(p—2)In* (p - 2)
1

ulnudv —vlnvdu

d(log,, v)

woln?u

(p—2)In* (p—2)
zlhnzd(z+1)—(z+1)In(z+1)dx

z(z+1)In?z
_rzhhz—zh(z+1)-In(z+1)

z(z+1)In?z

d(logm (x + 1))

dz

To fill out the page, here are some more rules (without examples now) that we won't
need at all in this course, just in case you ever find that you need them in your life. (It's
all right if you don't have any idea what they're talking about; the last one on the left

should make sense to you by the end

of the course, but we're still not going to use it.)

du
* d(si = d d(asi = —
(sinu) = cosudu (asinu) Nipar
du
d(cosu) = —sinudu d(acosu) = ——
V1—wu?
du du
d(tanu) = p— d(atanu) = 21
du
d(sinh u) = coshu du d(asinhu) = ———
Vu?+1
d
d(coshu) = sinhudu d(acoshu) = 2—u1
u J—
du du
d(tanhu) = d(atanhu) = ——
(tanh) cosh? u (atanh ) 1 —u?
v of (u,v df(u,v
x d(L ftydt) = fo)ydv = fu)du  d(f(u,v)) = éu ) du + év ) v
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