Chapter 2

Problem 2-1
Going Up
+
ty
y=0 ground
2FE, =ma, dv‘
(1) 1eq 2 unk [ZFL J -__.]
Assuming no air resistance: > F, —mg (2) 2eq 2 unk

Substituting (2) into (1) and rearranglng,
“r——g (3) with v,(0) =35m/s

dt
Maximum height is when v, = {31E
From (3)
fﬂs dv, = —g f; dt =>> v,|3;=—gt|; =>> 0-35=—gt
t =3.57sec
We can also obtaln an expression for v,

"V

[ dv, = —g [ dt

33 <0

v, =35—gt=35—-9.8¢t
For the maximum height,
Y_ v, =>> [Jdy=[ vdt=[(35-9.80)dt

at
v =35t—4.9t°

2

Then,att = 3.57 s Vinar = 35(3.57) — 4.9(3.57)°
Viar = 02.5m
Gomq Down
LE, —ma, —m=2

(4) 1eq.,2 unk[Z Ff J’t-‘_L_.]

Assuming no air resistance,
LF, =F =—-mg (5) 2 eq., 2 unk.

v _ ., (6) 3eq 3 unk|y]

dt ¥
Substituting (5) into (4) and rearranging,



G‘ 'I.-‘-l_- _ 'L‘..I_. . _ f _ 1 B
w9 = -’rﬂ dv, = gfn:: at =>> v, = —gt (7)
Using (7) in (6):
Z_ =—gt =>> [0 _dy=—g| tdt =>> y=62.5-4.9t> (8)
Fort,v=20

t=357sec

Problem 2-2
a1y

dt

2FE, =ma,=m 1)
leq.,2unk[XF,, v,]
Considering air resistance (drag force due to air)
YFE, =F+F;=-mg—10v,|v, (2)2eq,2
unk.
Egs (1) and (2) constitute the model for the velocity. For the position,
av

= ‘[-‘L_
(3) Btfevq 3 unk [v]
Units of 1are units of force (N)/unit of velocity square (m/s)®.
When written as 1.0 |’[-‘_L-|’[-‘_L- the sign of the drag force is equal to the sign of
the velocity. When written as 1.01:2 the sign of the drag force is always

positive no matter what is the sign of the velocity.

Problem 2-3

leq.,3unk [ZF,,mv,]
Considering air resistance
XF, =F +F;=-mg—1.0v, (2)2eq.,3unk
E — TI‘L‘
dt -
(3) 3 eq.,4 unk [v]
We need one more equation; at this time there is still one degree of freedom.

We don’t really have any more equations but, there is a specification that
y(3) = 0 m, that we may use. So:

v(3)=0m (4) 4eq.,4 unk
Substituting (2) into (1):
duv,,
m—==-mg- 1.0v, = —l['mg + ’[-‘_L.)

and using Separation of Variables,



-J-'[:_-L- G'U_r — _]1:-]' dr =>> E‘H(mg + T_‘-U)|;_1' - _

0 mg+vy

In(mg + v,) — In(mg) = —i =>> |n (%) -t

v, =mg (E_% — 1) (5)

+
b

Substituting (5) into (3): < =mg(em—1)

-J-EGG dy = mg J‘S (g_% — 1){;{[- =>> 00— 30= (_.nge—% . 'm.ﬁ'f) E
3

—30=—m?ge m +m?g— 3mg
By trial and error: m=~ 2.3 kg

Problem 2-4

dh —
pAd— +CVvh=w; +w,

When both inlet flows are shut- off w, = w, = 0. So,
,GA -I-C*\.ft—'[] =>> f _——f df =>> 21,*;”3”4:__“0

3 4’.‘1-\' Iﬂ-
h= (1.8 0.0285¢)2

Drain tank: h =0
t =63.06 min

Problem 2-5

WO ey
dr + v(t) = Kx(t)

fft}l dy(e) _J~ dt =>> In[Kx(t) — v(O] | _ _E

vio) gx(t)—v(t) yi n::- )

In[Kx(t) — y(0)] — In[Kx(6) — y(0)] = _g
Kx(t)—v(t)
Kx(t) = y(0)

y(£) = Kx(t) — [Kx() — y(0)]e s
and using x(t) = x(0) + D ,

Y(8) = K(x(0) + D) — [K(x(0) + D) — y(0)]e"s
and with v(0) = K x(0),

V() = y(0) + KD — [y(0) + KD — y(0)]e ™
V(&) = ¥(0) + KD (1 _ e-?)

|
o | e+

= £



Problem 2-6
as dv a4
a) E_/_v—_’::};—l(l_e_"-”)j j'({]) :{]

dt
ydy = e?*(1 —e *")dt :>>%j.-‘2 > = _]'{:(e” — 1)dt

Ly (e o)

v = wl.-'ezt —2t—1
dy
b) E = ycos(t) +y; y(0)=2
[ = [y (cos(®) + Dt =>> In (@I} = (sin (1) +0)]5

- =
= WV

In (%) =sin(t) + ¢t

y = 2 exp[sin(t) + t]

¥

) ZL="2 y(0)=2
-J-; vdy = f;(f + 2)dt =>>

V2=t +2efs

B | bt

yi—4=t+4t

y=4ti+4r+4

dr dy o o B
d)EFEﬂ=zn;mn_1J}(n_3

Letu = f‘;—: with u(1) =3
U _ 9t =>> f: du = _]'f 2tdt =>> u=t*+2

dt
2 G'_'l.-" _ _U . t -1
u=t*+2=t—_ =>> Jidy=[(t+2t7)dt

y—1=S42In() -2

-
=

=t + 21 (f)—i—l
Y= AT

e) £X =32 y(0)=1;y'(0)=0
d dj’] — 374t
dtlaecl = 7°




dy

Letu=d—'+
Then, = =326 u(0) =0
u ., ot —4f U_ o 32 _—arir _ 32 -4t 32
d_j'ﬁ du= [ 32e~*'dt =>> u=——e M =—"Tet +=
v
Uu=-—=98-—8e %
dt

[{dy = [[(8—8e¥)dt =>> y—1=8t+2e™*[5 =8t +2e™ 2
y=8t+2e7 -1

f == (=1
t-dt - .
Y _ [Te2dt =>> In(y)[] =235 =>> In(y) = >3
1y 0 B R R i 3
tE
dv S
= — —y2e2t. (0) =
g) afd ) (0)
Y _ bt _ 1w L 2 —
Ly = Tl ettt =>> Tl = —Ce¥]p =>>
_i_|_]_ = —%gzt —|—%
.Lr = =
1 7t - __2
;—:(E +1) =>> ) g2l

dv
W) ——Qt+1y=0; y(0)=2
Loy@e+1) =>> [E= [[Qt+1)dt =>>

s
1A

In(v) |5 = (@ + )}

-
o

In(2)=t2+t =>> y=2e0

)2 a2 0 (0)=1
i v =) Vv —
) df -F J. G.l-.’ +
T — [, 4tdt =>> _2) = =2e2)8

1 _'L'- Z vV 1



1+ 2¢2
d?y t -
D Frehe cos_(E)J y(0)=0; y(0)=
du t
— = oS (E)J u(0) =

t
u=1+2si (—)
(T Sll".l2

and

dy

I

t
=1+ 2 sin (2); y(0)=0

_ [ (1 +2sin@))df

VY L t
— (f—él-cos(i))m =t —4cos (E)+4

Problem 2-
da

a) o

t
v =4+t—4c05(§)

;
— 3;2 — 1 <<= linear

du = (v* — Ddy

. _113 _|_C

b)

Z—f = —0.0002(T — 5) <<= linear

dT

-5

T=54+ E—G.GDDZt +C

-=—-0.0002dt =>> In(T —5) =

—0.0002t + C;



dy (x)

€)= —= e*¥ <<= nonlinear
E—E_L"dj; — d}; =>> _%E_Z-U = x + Cl
v=In(x)+C
d 2 -
d) — =wu’cos(nt) u(0)= —2 <<= nonlinear

wdu ot _ 1y
| 1= _]'G cos(mt) dt =>> ~|*

= %sin(m) R

B1 |

1

u=r:
= sin(mt) — 2



:.mﬂh
125 2 :
@O = 0.75 — 0.08 u(t)

NalH
12.5 —— = 0.73 %% — xJ*0% = 0.73(0.67) — 1"
or

Problem 2-8
+ x3%9% = 0.73 x,%9% with x{*°¥(0) = 0.55 and

-NalOH

12.5
Using Separation of Variables

— [0.4891 — xYa0H ] (1)

R in Fdf >>
055  0.4891-xNA0H B
’\QGH' .
In (0.4891 — ‘“M) = —
0.35 12.5

+
b

— e 12s =>> xVe0% — 4891 + 0.0609¢ 1z=

0.4351—x2CH
—0.0609
and

¥Y90H — 0.4891 + 0.0609¢ 7125 = 0.55— 0.0609(1 — e~ 125)

Problem 2-9
2— +4v = 16u(t) with v(0) =0

v 1
-'rn:: 16—4v _f "df =>> _4 In(16 — ?;_)4"? _Ef
In(16 — 41) — In(16) = —2t =>> 1n( - )=—2f
v=4(1—e"2%%)

Problem 2-10
i, = 1.43X 10™*v, + 0.2861, (1)
2 X 10-3ﬂ +21428i, = 0.286v,  (2)
From (2): 93><108 240, = 133X 107,
where r=93%x10%sec, and K=133x10" ‘;

From Problem 2-5, i, =i,(0)+KD (1 — e‘?)



i, =2.66xX107*+0.000267 (1 — e‘%-zxuiﬂ‘g)
From (1):
[, =572x10*+0.76 Xx10™*+7.64x 1073 (1 — E_G-EKEG‘S)

4

i, =5796x10"*+0.76x 10" (1 — 5_9-3;19‘9)



