Calculus and Linear Algebra I Week 5 Exercises

Week 5: Derivatives
1.
| MULTI | [LO point] [0 penalty] [Single] Shuffle

d
Calculate — [at] where a > (0 is a constant.

dt

(a) a’ln(a) (100%)
(b) a'
(c) a" +1t
(d) a"+a
A drom@ _ em@) —
dt [a} dt |:6 } &/_, Il(CL) a n(a)

outer derivative inner derivative

| MULTI | [1.0 point] [ 0 penalty] [Single] Shuffle

d
Calculate T [A cos (wt + )] where A, w, ¢ are constants.

(a) —Awsin (wt + ¢) (100%)

(b) Awsin (wt + @)

(c) —Asin (wt + @)

(d) Asin (wt + ¢)

d [Acos (wt+ ¢)] = Ai [cos (wt+ )] = A - w - —sin (wt + @)
dt dt ~~ — ——

inner derivative outer derivative

3.

”W” [1.0 point] [0 penalty] [Single] Shuffle

Given that cosh(z) = c +2€ and sinh(x) = %, which of the following is

true?
(a) - cosh() = sinb(z) and = sinh(z) = cosh(z) (100%)
a ddx cosh(z) = sinh(z) an dxim x) = cos 0
(b) e cosh(x) = — sinh(z) and — smh(w) = —cosh(x)
(c) %cosh(x) = sinh(z) and % sinh(xz) = — cosh(x)
(d) e cosh(x) = — sinh(x) and — smh(az) = cosh(x)

x

d 1d T —z\ __ 1 T A
%cosh(x) = 15%(6 +e") = 15(6 + (—1)e™™) = sinh(z)
- h — C (et — e = (% — (—1)e %) = h
1, 5in (x) 2d$(e e ") 2(6 (—1)e™®) = cosh(x)
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4.
”W” [1.0 point] [O pcnalty] [Singlc] Shuffle
d
Calculate d_ [In (a® + a~*)] where a > 0 is a constant.
x
a® —a™"
—1 100%
) s e (100%)
(b) ara” Ina
ax _ a*I
at — g%
© S
a®+a"
d —— =
@ S
d
T [In(a® +a™")] =
derivative of a® = e*na outer derivative of a=* inner derivative of —x (inside a=%)
1 ,_/\ e e
pr— ( a®Ina + a“lna . (—1) )
a* +a " ~ —~ g
outer derivative of In inner derivative of In
a® —a’"
= Ina
a®+a=*
5.
” MULTI H [1.0 point] [0 penalty] [Single] Shuffle
d3 4 x
Calculate 18 [a: e }
(a) e”(x* + 122 + 3627 4 242) (100%)
(b) e*(z* + 122° + 242* + 24x)
(c) e”(x* + 122° + 242° + 40z)
(d) e"(x* + 122° + 362 + 407)
Use the product rule (uv) = u'v 4+ uv':
d [2'e”] = 42’e” + a'e” = " (a* + 427)
dz
g, w4 3 3 2 x4 3 2
@[xe} e”(z" + 4z° + 4a° 4+ 122°) = e*(2" + 82° + 1227)
d3
P [2%e”] = " (2" + 82® + 1227 + 42° + 242” + 24x) = €” (2" + 122° + 362 + 242
x
6.

| MULTI | [1.0 point] [() penalty] [Single] Shuffle

d
Calculate — [z"].
acuaedgc[x]
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(a) 2°(1+Inx) (100%)
b) 2" '+ +1

(c) 2°In*x

(d) 2°(1 +In’z)

d d chain rule
e [xx] _ [ex-lnx] h in_ l 2 .| n (x) _1_2
outer N e’

inner

=2"(1+1nx)

” MULTI H [1.0 point] [0 penalty] [Single] Shuffle

Softplus function is defined as:

Softplus(z) = In(1 + €*)

What is the derivative of Softplus and where is it defined?

T

d
(a) ESOftplus(x) = and is defined on R (100%)

1+4e”
d T
(b) d—Softplus(:c) = % and is defined on R\{0}
T T
d 0, ifx <0 o
(c) aSoftplus(:c) = { . Slse } and it is defined on R\{0}
(d) Softplus is not differentiable
d d e’
' j s —In(l+4¢€%) = —(1+¢€") =
Using the chain rule = n(l+e”) o dx( +e”) T o

We can also observe that the limits agree for all values of v € R

| MULTI | [LO point] [0 penalty] [Single] Shuffle

o0

Choose the expression equivalent to Z n-ax".

n=0

1
1—=x

and use differentiation.

Hint: Recall that Z " =

n=0

(100%)

- d 1 1
Differentiating the geometric series, we obtain: Zn gl = — = 5
— dzl—2z (1—ux)
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9.
| MULTT | [1.0 point] [O pcnalty] [Singlc] Shuffle
Find the derivatives of €** cos 4z and %" sin 4x.
d 3x 3z : d 3z .
(a) ¢ cos 4z = e’*(3 cos 4r—4sin4x) and —e ?sindx = € (4 cos 4x+3sin 4z) (100%)
x x
(b) d—e&E cos4x = (3 cos 4x+4 sin 4z) and 3 gin 4o = (3 cos 4z —4 sin 47)
x
d d
(c) d—e?”” cosdx = > (3 cos 4z +4sin 4x) and —e “sin4x = €3 (4 cos 4x—3 sin 4x)
x x
(d) d—e?”C cos 4z = €**(4 cos 4x—3 sin 4x) and 3 sin 4o = €% (4 cos 4+ 3 sin 4z)
x
’ By direct computation. ‘
10.

| MULTI | [LO point] [ 0 penalty] [Single] Shuffle

3

A fly is trained to fly along y = z” in such a way that its x coordinate is given by
x(t) = 2t + 1. What is the value of the y component of the velocity of the fly at

time t = 17
(a) vy(1) =54 (100%)
(b) vy(1) =2
(c) vy(1) =68
(d) vy(1) =6
d dy d
The y component of the velocity is given by v,(t) = d_zt/ = % . d_:‘: =32%-2 =

6(2t +1)> = v,(1) = 54 with the second equality given by the chain rule.

Total of marks: 10



