Homework 5 MATH-1400-ESs31

Practice Problems

2012 October 16

These problems are not to be handed in, but try them first; do as many of them as you need until they're

easy, or make up more along the same lines if you need more practice.

Find the second derivative of y with respect to x:
.y =bx® — 42 + 3z
Following problem (3.a) in Homework 4,

d
Y1522 — 8e +3.
dx
Therefore,
d
d(dﬁ) = d(152% — 8z + 3) = 30z dz — 8dz,
x
S0 )
d _d(dy/dz)
(d:c) y="rggy  0=-d
12
-2 10
V=2 +5
Following problem (3.b) in Homework 4,
d 12 _
Y 2 - 12@+5) 2
dz (r+5)
Therefore,
dy —2 -3 24 dx
d(—):d—12x+5 = 12(=2(z +5)*dz +5)) = ——
do) = (12 +5) %) = 1225w 5) =
0 )
<i> _d(dy/dz) 24
ax) YT T _(m—|—5)3'
L4yt =1
Following problem (3.c) in Homework 4,
vy _ =z
de g
Therefore,
dy T ydr —xdy xdy—ydx
a(S) —q(-L) = - - ,
dz y y? y?
0 )
(i) _d(dy/da) _ady/dz -y _x(-x/y) -y -2y 2® 4y
dz y= dz - 72 - 72 - 13 - 3
C(z+y)’=1
Following problem (3.d) in Homework 4,
Wy
dx ’
Therefore,
dy)
() =d(-1 =0
(£) =a-n =0,
0
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2 Find formulas for f' and f":
a. f(z) =323
I differentiate the formula for f(x) and divide by da:

flw) = 32%;
df(z) = d(32®) = 922 dx;
fa) = ) gy
To find f”, T do this again:
f(x) = 9%
df’(x) = d(92?) = 18z du;
f(x) = dj;/:(cx) = 18z.
b. f(t)=vt—-5
I differentiate the formula for f(¢) and divide by d¢:
B _VE-Bd(t—5) Vi Bdt
df(t) = d(ve-5) = 20t—5)  2t—10"
/ _ df(t) _ t—5
=g ~2—10
To find f”, I do this again:
-5
7t = 2
oo (VT=BY (26— 10)d(vT—5) — vI—5d(2t — 10)
a7 = d<2t— 10) a (2t —10)

_VE=Bdt—2yE—5dt  Vi—5dt,

(2t — 10)* S (2t—10)%
pr -0 -l
. fl) =
I differentiate the formula for f(x) and divide by da:
o) = -2
df(x) = d(lj’”_2 1) _(@=1) d<(¢i)_—1)w; d—1) _2z(z —(;)_dalc); ot de
) = d ﬁf) _ 2x(zcx—_11)); a? 21:2(; _2301 )—2 a? (x;__ 12;; .
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To find f”, I do this again:

x? —2x

Fe =
df'(x) = d((2* - 22)(x — 1) %)
=(z—1)"%d(@® - 22) + (2* = 22)d((& - 1))
=(z—1)?Qedr —2dz) — 2(2® — 22)(z — 1) *dz
_ 2zdz—2dz 2(2? — 22)dx
@1 (x-1)"
_df'(x) 20 —2  2(z? - 2x)

f(x) = dz :(x—l)z_ (I—l)s.

= @ =)@ - 1)

(This could be simplified further, if you wish.)

d. f(p)=5-p
I differentiate the formula for f(p) and divide by dp:

f(p) =5-p%
df(p) =d(5 —p*) = —2pdp;
e =20 - sy
To find f”, I do this again:
f/(p) = _2p7
df'(p) = d(—2p) = —2dp;
d /
-0,

Due Problems

These problems are due October 18 Thursday.

1 Given that
y =Tzt — 1223

always, find the first and second derivatives of y with respect to x. (Show at least one intermediate step
for each.)

To find the first derivative, I differentiate the equation and divide by dz:
dy = d(7z* — 122%)
= 7(42® dz) — 12(32? dz);

dy

o 2823 — 3622.

To find the second derivative, I repeat the process:
d
d<£> = d(282° — 3622)
= 28(32% dx) — 36(2z dx);

2
(i) Y= M = 8412 — 72r.
dz dz
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2 Given that

s = Vi-3

always, find the first and second derivatives of the function f. (Show at least one intermediate step for
each.)

To find the first derivative, I differentiate the formula and divide by dt:
3 5
dﬂ@:d@ﬁ—g)
(s

3t t2
, df(ty ¥t 5
f@:ﬁ%:¥+ﬁ

To find the second derivative, I repeat the process:

3
df'(t) = d(}f + ;) = d(%t‘”3 - 5t—2>

= %(—%t—m dt) + 5(—2t73 dt);

df'(t) 2 B 2t 10

17" _ __Z 5/3_1 3__“2ve ¥
) dt 9t 0 9t2 3"

3 Extra credit: In Physics classes, one learns the formula
L
y=a-+bt— 5 gt

for the height y of a projectile that is released at a height a with upward velocity b, where t is the amount
of time after the projectile is released and g is the local downward acceleration of gravity. (Note that a, b,
and g are constant in this situation.) Verify that this formula is correct (showing in each case what calcu-
lation you must make to verify this), as follows:

a. At the time at which the projectile is released, check that the height really is a. (Hint: t = 0 when the
projectile is released.)

When ¢t =0,
1
y=a+b0) - 290/ =0

as claimed.

b. At the time at which the projectile is released, check that the upward velocity really is b. (Hint: Upward
velocity is the derivative of height with respect to time.)

At all times,
1
dy = d(a + 0t — ggt2>

1
= 0+bdt — Sg(2tdt);

dy
2 —p— gt.
at g
At t =0,
dy
2 =ph—g(0)=b
% g(0) = b,

as claimed.
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c. At all times, check that the downward acceleration of the particle really is g. (Hint: Upward acceleration
is the second derivative of height with respect to time, and downward acceleration is simply the opposite
of upward acceleration.)

At all times,
d(%) —d(b— gt)

dt
=0-—gdt;
(d)2 _d(dy/dt)
dt - a7
Therefore,
q\2
—(&) y=—(-9) =y,
as claimed.
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