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Mu Limits and Derivatives Solutions

i ; (ab)'cd—ab(cd)r _ a'bcd+ab’cd—abc’d—abcd’
Using quotient and product rule: = = —

Slope of the line is — ﬁ. Therefore, the inverse reciprocal is 2022.

' _ _(f_l(x)), _ -1 FroaN 11
g = F1@)° (W) (f‘l(x))z'g (2) = W) 4
1 1 1
In(2022) — In(x?°%?) —In (tan 1 (x2022)) In(2022) — ln( 2022 tqpn =1 (W)) =

tan_l(xzézz) . ) . .
In(2022) —In — 0 . Applying L’'Hosptial’s rule, lim In(2022) —
X—00

2022

_1f 1
1 tan (xzozz) —
n x—2022 -
—2022x72023
—ZOZZX_2023(1+(X_2022)2)

lim In(2022) — 1n(
X—00 i

At (0,2022),t = 1,% =<le=1 = 1,2—3; = 2t|t=1 = Z,Z—z = 2. Therefore, the tangent line is
y—2022 =2x >y =2x + 2022
Inf(x) =In60 + %ln(—x2 +2)+1In tan_1 X — llnx - 1ln(2x2 -1)

flo 2 1 1

F(=1) = 15n(§—§+§+2) = 41— 307

Using Taylor series,

) = 1n 2022

4 8 8
X X X
. cos x2 — e** _ 1_7+T+m_1_x4_7_
lim ——————— = lim : — :
x-0 Ssin x x—0 X
x4—_+...
3!
1 x* x?
_7+x_'+..._1_?_... 3
= lim - - = ——
x—0 x8 2

1— a7+
We can see that llmf(x) = o0, so we need a x™ such that hrn Tzl = L. Assuming an

indeterminate form applying L’Hospital to get rid of the 1ndeterm1nate form, we have

n-1 n-—1

nx __nx 2021 —
161_13(1) 509722071077 = 3075 z0at" Thus, to cancel the x term, we can setn =
2022 so x™™ = x 2022
1 f'(x) _ coshx  coshx 2 2 16 _ 25
R (1+f'(x)2)% B (1+sinh2x)% ~ cosh3x (ex+e_x) lx=tn2 = s k= 16
d [2022'2022' +1n(2022!*) +1n 2022 — 2022 — 2022x]| = E [x1n(2022!) —
x=0
2022’“] =1n(2022!) — In(2022) 2022° = In(2021!)
p j 2 2 b-
llmZ ( _)_Tlll—r»EoZ (l+1) —>Ax=;=Ta,a=150b=3,f(x)=
8i2 8l , 2\ _ (3. 2 26
b S (5 2= =
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2 2
Using I'Hospital, we get lim M = |jm L& 30 _ 2G) _ qp
sin X x—0 cosXx 1
1
To ensure continuity, we need lm&%ﬁl(m hrré (kex —x3 4+ 1). Using I'Hospital
X P
three times on the first limit, we get lim w = lim msz(?,x) = Jim 223060 _
81 cos(3x) 81 > =0 1o =0 50 17
lin(l)T " 10 ’ The second 11m1t is easily calculated to be k + 1. Hence, k = "
X—
andsoa+b =17 + 10 = 27.
( 1 )’ _ 1 (1+x2°22) 1011x2021
V1+x2022 2 (1+x2°22)2 (1+x2°22)%

x1n(2022x) + W = x1n(2022) + xInx + 2 . Therefore, the derivative is
20222022% 2022

calculated as: In(2022) + Inx + 1 — e72922X=|n(2022x) + 1 — ¢ ~2022%
) = 2% = 2022 > f(45) = 3,f'(x) = 22 > ['(45) = 90,x — L2 |, 45 =45 — = =

@
44.9666 ...

The coordinates that represent the biker can be modeled as (100 cos 8,100 sin ) and

(100 cos 8,—100 sin ), where 6 = 2 s> arc length, r — radius so 8’ = s -2 1
r r 100 20

Therefore, the distance d = 200sin8 —» d' = 2008’ cos8 = 10 cos% =10 cos%

Using implicit differentiation, we get 18(1 + y')(x + y) + 2(1 =y )(x —y) = 0,(x,y) =
(1,1) » y' = —1. Therefore, the tangent line is simply - (x — 1) =y —-1->y =—x+2
f'(x) =e*—xe ™, f"(x) = —2e* +xe %, f"(x) =3e™* —xe ™, fMWx =
(—D*"(xe™ —ne™) = (—1)"e*(x —n),n = 2022 - (x — 2022)e™*

We see that i and csc x both approach +oco when x — 0% and negativity —oo when x — 0~.

Therefore, lim = oo # lim = 0, so limit DNE.
x—-0%t x—0~

tanh(x) _ ;.  sech?x
S0+ tan(x)  x—0+ sec?x
The volume LWH = V = (9 — x)(9 — x)x. Therefore, setting the derivative to 0 gives:
V' =09 —-x)2-2(09—x)x =0 - x =3or9. Choosing x = 3 gives V = 108.
1

Solve for when xz = —1 + e gives x = 1.01? = 1.0201 or x = 0.99% = 0.9801 which is
0.0201 and 0.0199 away from 1. Thus, we choose the smaller value for §: 0.0199.

By plugging in x,y, z we simply get 3- 12 -3+ 1-2cos(r-1—m-3) = 11

We can rewrite this expression as y = (2022%)@0229%207 _ o, = (2022%)y = 20227,

Therefore, y' = 2022*Y (x + xy') In2022. When x = 0,y = 1 so plugging these terms
yields y' = In 2022.

=1

Using L’Hospital rule: 11

oo tan~1 mx

We can generically rewrite the integral asI(m) = [_ o 2(Lrx 2) x—1'(m) =
o) 1 [e9) A
[ oo—(1+m2 2)(sz)dx = f_oonzxz — de - A+B=1,A+Bm?>=0->A4=
1 , _ -m? 1 N 1
1- m2 B = 1-m? - I'(m) = 1-m? 7= 1+m?x2  1+x? dx = 1-m? [-mtan™" mx +
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-1 .10 _ —Mu+m W . o tan"l0 .
tan~' x]% = ———=——->Im) =rln(1+m) + C,1(0) = f_oox(1+xz) x=0=
7In(1+m) + C - C = 0.1(2022) = 71n(2023)

b!
b b-1 b! (b-1)! (a—D!(b—a+D)! ab
(o2)> ()~ @ Di—atDl ~ alb—a—n) @D~ 1- —at D) 1=

a!(b—a—-1)!

b? —3ab + a* + b — a < 0. The roots to this quadratic solving for b are

3a-1+% /(1—3a)2—4(a2—a) 3a—14+/5a2—2a+

L. Since we will select the larger root for B(a),

2 2
1 2 2
. Ba . 3a—-1+/5a2—2a+1 3=+ [5—gtl/a? 345
lim Q = lim = lim a a — ‘/_
a—-oo a a—oo 2a a—oo 2 2

f(x) =sinx + cosx + tanx + cotx + secx + cscx = sinx + cos x +

sinx+cosx

sinx cos x
. We can use the identity sin x + cos x = V2 cos (g - x) to give us

B - 2 2vZcos(3-x) T 2 2vZeos(§-x) _
fl) = V2 cos (Z B x) + sin 2x + sin 2x = V2 cos (Z B x) * Cosg_zx cosg—Zx §

Vacos (- x) 2+ 226 _ g o5 (o x) 4y 22

T_ T_ 2(T_)— z(E_ )_ '
cosz(4 x) cosz(4 x) 2cos (4 x) 1 2cos?(;—x)-1

We can set some variable a = V2 cos G - x) such that f(x) = a + ——+ aic_ll

f(x)=a+ ﬁ Taking the derivative with respect to a and setting it equal to 0 gives
a =14++/2.Since a =2 cos G - x) then a € [—V2,V2]. Pluggingina = 1 — V2,2,

—V2 results in f(x) = 1 — 2v/2,2 — 3+/2,2 + 3v/2. For approximations use V2 ~ 1.4 to

see that 3v/2 — 2 > 2/2 — 1. Therefore, the minimum value of |f(x)| = 2v2 — 1.
Pp(x) )' _ (Pr’l(x)(xa—1)““—Pn(x)(axa‘l)(n+1)(xa—1)") _

(xa—1)n+1 - (xa_l)z(n+1)

sinx cosx

Taking the derivative: (

! a_41\_ a-1
S T T ——

Poii(x) =Pl(x)(x*—1) — P,(x)(ax?* 1)(n + 1). By substituting x = 1, we have

Pp(D) =P (1A= 1) - B,(D)(al1* Y (n+ 1) = —a(n + 1)P,(1). Because Py(1) = 1, we
can observe that P; (1) = —a(0 + 1), P,(1) = —a(2)(—a) = a?3!,P;(1) = —a33!,

P,(1) = a*4l, ..., Py, (1) = a?°%22022!

Looking at the first few terms, we observe that F;(x) = xInx — x, F,(x) = xInx —

n
x, F,(x) = %xz Inx — %xZ,F3(x) = %x3 Inx — %xg’ to see that F, (x) = %(lnx —¢,).
xn—l n-—1 xn—l

(n—-1)! nx (n—l)!cn t n!

We can find a recurrence for ¢,;: E, (x) =
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(n 1)Ilnx + —(1 —ncy) = 1)| (lnx Cp_q1) > —(1 —nc,) = 1)'( Cp_v1) >
1—nc, =-—-ncpq1>Ccp==0Cpq+ ;. We know that ¢, = 0 so forn > O, Cn = Dh=1 % ~
Inn + y, where y is the Euler- Mascheroni constant (~0.577).

Now, limw lim — -2 = lim _Innty _ _

n-ooo Inn n—oo nn n—oo Inn



