The Chain Rule

42
(The Chain Rule)

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule



https://min7014.github.io

The Chain Rule

.



https://min7014.github.io

The Chain Rule

.



https://min7014.github.io

The Chain Rule

g is differentiable at x

.

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

g is differentiable at x
f is differentiable at g(x)

.

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

g is differentiable at x
f is differentiable at g(x)

F=fog

.

Min Eun Gi : https://min7014.github.io



https://min7014.github.io

The Chain Rule

g is differentiable at x
f is differentiable at g(x)

F=fog, F(x)=f(gx))

.

Min Eun Gi : https://min7014.github.io



https://min7014.github.io

The Chain Rule

g is differentiable at x
f is differentiable at g(x)

F=fog, F(x)=f(g(x)
y=f(u

.

Min Eun Gi : https://min7014.github.io



https://min7014.github.io

The Chain Rule

g is differentiable at x

f is differentiable at g(x)
F=fog, F(x)=f(gx)
y=f(u)

u = g(x)

.

Min Eun Gi : https://min7014.github.io



https://min7014.github.io

The Chain Rule

g is differentiable at x

f is differentiable at g(x)
F=fog, F(x)=f(gx)
y=f(u)

u = g(x)

.

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

g is differentiable at x

f is differentiable at g(x)
F=fog, F(x)=f(gx) | =
y=f(u)

u = g(x)

.

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

g is differentiable at x

f is differentiable at g(x)
F=fog, F(x)=f(gx) | =
y=f(u)

u = g(x)

.

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

g is differentiable at x

f is differentiable at g(x)
F=fog, F(x)=f(gx) | =
y=f(u)

u = g(x)

F is differentiable at x

.

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

g is differentiable at x

F is differentiable at x

f is differentiable at g(x) F(x) = f(g(x))g' (x)
F=fog, F(x)=f(gx) | =
y=f(u)

u=g(x)

.

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

g is differentiable at x F is differentiable at x

f is differentiable at g(x) F(x) = f'(g(x))g'(x)
F=fog, F(x)=f(s(x)) | =
y=f(w dy  dydu

u= g(x) dx  dudx

.

Min Eun Gi : https://min7014.github.io



https://min7014.github.io

The Chain Rule

g is differentiable at x F is differentiable at x

f is differentiable at g(x) F(x) = f'(g(x))g'(x)
F=fog, F(x)=f(s(x)) | =
y=f(w dy  dydu

u= g(x) dx  dudx

.

Min Eun Gi : https://min7014.github.io



https://min7014.github.io

The Chain Rule

g is differentiable at x F is differentiable at x

f is differentiable at g(x) F(x) = f'(g(x))g'(x)
F=fog, F(x)=f(s(x)) | =
y=f(w dy  dydu

u= g(x) dx  dudx

.

Min Eun Gi : https://min7014.github.io



https://min7014.github.io

The Chain Rule



https://min7014.github.io

The Chain Rule

e1(h) =



https://min7014.github.io

The Chain Rule

e1(h) =



https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso
e1(h) = &

.github.i


https://min7014.github.io

The Chain Rule

s

.github.i


https://min7014.github.io

The Chain Rule

s

.github.i


https://min7014.github.io

The Chain Rule

s

£1 is continuous at h = 0

.github.i



https://min7014.github.io

The Chain Rule

s

&1 is continuous at h = 0 (*." g is differentiable at x)

.github.i



https://min7014.github.io

The Chain Rule

e1(h) = &

h-ei(h)

s

&1 is continuous at h = 0 (*." g is differentiable at x)

.github.i



https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heei(h) = {g(x+h) —g(x)} — g (x) - h

.github.i


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

nin7014.github.i


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

e2(k) =

nin7014.github.i


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

e2(k) =

nin7014.github.i


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heoei(h) = {g(x+h) — g} =& (*) - h, glx+h) —glx) =g (x)-h+h-er(h)
flu+k) — f(u)

—flw) , k#o
e2(k) = E

nin7014.github.io



https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
o nll) = o2 ) = ) = ) o+ g ) = ) = ) T B ()
flut k) = f(u)
e2(k) = E
0 , k=0

—flw) , k#o

nin7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
o nll) = o2 ) = ) = ) o+ g ) = ) = ) T B ()
flut k) = f(u)
e2(k) = E
0 , k=0

—flw) , k#o

nin7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 . h=0
hoer(h) = {gx+h) —g(x)} —g'(x) - h, gx+h) —gkx) =g (x) - h+h-ei(h)
u+ k) — f(u
D =@ o L,
ea(k) = k &3 is continuous at k = 0

0 , k=0

nin7014.github.i



https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 . h=o0
heen(h) = {ex+ B) — 60} — /() b, g+ ) —g() = /() - h+ b en(B)
u+ k) — f(u
D =@ o L,
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)

0 , k=0

nin7014.github.i


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 . h=o0
hoer(h) = {gx+h) —g(x)} —g'(x) - h, gx+h) —gkx) =g (x) - h+h-ei(h)
u+ k) — f(u
D =@ o L,
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
k- ez(k)

nin7014.github.i


https://min7014.github.io

The Chain Rule

h) —
s+ h) —g(x) 2, h#Eo o .
e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)
0 h=0

hoer(h) = {gx+h) —g(x)} —g'(x) - h, gx+h) —gkx) =g (x) - h+h-ei(h)

k) —
(L (R -
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 k=0

keea(k) = {f(ut+ k) — fFW} — f'(u) - k

nin7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 . h=o0
hoer(h) = {gx+h) —g(x)} —g'(x) - h, gx+h) —gkx) =g (x) - h+h-ei(h)
u+ k) — f(u
D =@ o L,
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {f(u+ ) — f@} — F/ (@) Kk , futk) = f(@) = /() - k+ k- e2(k)

Min Eun Gi : htt] nin7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 . h=o0
hoer(h) = {gx+h) —g(x)} —g'(x) - h, gx+h) —gkx) =g (x) - h+h-ei(h)
u+ k) — f(u
D =@ o L,
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {f(u+ ) — f@} — F/ (@) Kk , futk) = f(@) = /() - k+ k- e2(k)

flutk) = f(w)

Min Eun Gi : htt] nin7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

flutk) = f(w)

—flw) , k#o
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = f)- k+k- ek

Min Eun Gi : htt] nin7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

flutk) = f(w)

—flw) , k#o
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = [ k+k- e k)

(Letk = g(x+h) — g(x) , gx+h)

Min Eun Gi : htt] nin7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

flutk) = f(w)

—flw) , k#o
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = [ k+k- e k)

(Letk = g(x+h) —g(x) , glx+h) =g(x) +k

Min Eun Gi : htt] nin7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

flutk) = f(w)

—flw) , k#o
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = [ k+k- e k)

(Leth = gx+ h) = g(x) , glx+h) = g(x) +k=utk)

Min Eun Gi : htt] nin7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

flutk) = f(w)

—flw) , k#o
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = [ k+k- e k)

(Leth = gx+ h) = g(x) , glx+h) = g(x) +k=utk)

flglx + 1) — f(g(x))

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

h) —
s+ h) —g(x) —d® . h#o
e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)
0 . h=o0
hoer(h) = {gx+h) —g(x)} —g'(x) - h, gx+h) —gkx) =g (x) - h+h-ei(h)
k) —
D =@ o L,
k &£ is continuous at k = 0 (*." f is differentiable at u)

e2(k) =
0 . k=0

keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)

Faut+R) —f) = fw)-k+k ek
(Leth = gx+ h) = g(x) , glx+h) = g(x) +k=utk)

{f' (W) + e2(g(x + h) — g(x)He(x + h) — g(x)}

flelx+ 1) — fle(x) =

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

h) —
s+ h) —g(x) —d® . h#o
e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

SR =FW s,

ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = [ k+k- e k)
(Letk = g(x + B) — 8(x) , g(x+h) = g(x) +k = u+ &)
{f! () + e2(g(x + h) — g(x)) He(x + h) — g(x)}

flglx + 1) — f(g(x))
{f (W) + e2(g(x + b) — g(x) Hg' (x) + (W)} - h

Min Eun Gi : ‘min7014.github.io


https://min7014.github.io

The Chain Rule

h) —
s+ h) —g(x) —d® . h#o
e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

SR =FW s,

ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = [ k+k- e k)
(Letk = g(x + B) — 8(x) , g(x+h) = g(x) +k = u+ &)
{f! () + e2(g(x + h) — g(x)) He(x + h) — g(x)}

flglx + 1) — f(g(x))
{f (W) + e2(g(x + b) — g(x) Hg' (x) + (W)} - h

F(x)

Min Eun Gi : ‘min7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

flutk) = f(w)

—flw) , k#o
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = [ k+k- e k)

(Leth = gx+ h) = g(x) , glx+h) = g(x) +k=utk)

{f! () + e2(g(x + h) — g(x)) He(x + h) — g(x)}
{f (W) + e2(g(x + b) — g(x) Hg' (x) + (W)} - h

Fey = lim JEETH) —fe))

h—0 h

flglx + 1) — f(g(x))

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

flutk) = f(w)

—flw) , k#o
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = [ k+k- e k)

(Leth = gx+ h) = g(x) , glx+h) = g(x) +k=utk)
U () + e2(g(x + B) — g(x))}{g(x + ) — g(x)}
(' () + e2(g(x + B) — g(x)) &' () + (W)} - b

, _ g TG R) — fe()
P = pm S
Tim {f" (4) + e2(a(x + ) — g He' () + e1(m}

flglx + 1) — f(g(x))

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

flutk) = f(w)

—flw) , k#o
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = [ k+k- e k)

(Leth = gx+ h) = g(x) , glx+h) = g(x) +k=utk)

{f! () + e2(g(x + h) — g(x)) He(x + h) — g(x)}
{f (W) + e2(g(x + b) — g(x) Hg' (x) + (W)} - h

m JEG M) — fe()

flglx + 1) — f(g(x))

F(x) = 1
h—0 h
= iiglo{f’(u) + e2(g(x + h) — g(x) He' () + =1()}
= fl(we'x)

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

flutk) = f(w)

—flw) , k#o
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = [ k+k- e k)

(Leth = gx+ h) = g(x) , glx+h) = g(x) +k=utk)

{F/(u) + e2(8(x + 1) = g() He(x + b) — ()}
{F' () + e2(8x + 1) = gD HE' () + e1(B)} -k
Py = g T8GR — 66

h—0 h

= I {f'(0) + (e + h) — 2 He () + e (W)}
= W@ =f =)@

flglx + 1) — f(g(x))

Min Eun Gi : https://min7014.github.io


https://min7014.github.io

The Chain Rule

g(x+h)*g(>f)7g,(x) C hso

e1(h) = h &1 is continuous at h = 0 (*." g is differentiable at x)

0 , h=0
heer(h) = {g(x+h) — g(x)} —g'(x) - h , glx+h) — g(x) = &' (x) - h+ h-e1(h)

flutk) = f(w)

—flw) , k#o
ea(k) = k &£ is continuous at k = 0 (*." f is differentiable at u)
0 L, k=0
keea(k) = {fut+ k) — f@} = f'(w) -k, flutk) —fw) =f'(w) - k+k-ea(k)
fat+k) —fw) = [ k+k- e k)

(Leth = gx+ h) = g(x) , glx+h) = g(x) +k=utk)

{F/(u) + e2(8(x + 1) = g() He(x + b) — ()}
{F' () + e2(8x + 1) = gD HE' () + e1(B)} -k
Py = g T8GR — 66

h—0 h

= I {f'(0) + (e + h) — 2 He () + e (W)}
= W@ =f =)@

flglx + 1) — f(g(x))

S () = f (g(x))g’ (%)
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The Chain Rule
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= W@ =f =)@
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The Chain Rule

Github:
https://min7014.github.io/math20240219001.html

Click or paste URL into the URL search bar,
and you can see a picture moving,.
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