2 A particle has an initial velocity U. After travelling a distance d in time T along a straight horizontal path, its
velocity is V. The retardation of the particle at any time is proportional to its velocity at that time.

! Hu-v)
Showthat: (a) V=U-kd (b) U=V () U=Ve 7

mi = — Eni po X=-RL o vdvi__Ly
d

SO ﬂ:—p(. <=0 dV‘—'—leX_ @/\gvz-ﬁ\/d’k
d/L U 0

SooV-U= —kd s V=U-kd.




RESISTED MOTION

4 An object of mass m falls from rest under constant gravitational force and against air resistance equal to kv,
where v is the speed and k is a positive constant.

(@) Find its velocity at any time t. (b) Sketch the velocity-time graph.
(c) Find the terminal velocity. Find the time taken to reach a speed v, where v, is one-quarter of the terminal

velocity.
(d) Find the distance travelled when the speed v, is reached. Q
RV

“}mz,-mg kv po K=9-

__\_/_=_—3—’1—Pg— 4 _dv ..:51_(3
dt _&\/ M

5 y=0 wgwuaﬁ, Lof&m%mt

Qe

7. v =3"'_&.V
M

&
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RESISTED MOTION

6 A particle falls from rest under constant gravity and a resistance force. If the retardation due to the resistance v=0
force varies as the square of the velocity, find: |

(@) the equation of motion (b) the terminal velocity
(c) the distance fallen as a function of the velocity

(d) the distance fallen when half the terminal velocity is reached
(e) the time taken to reach half the terminal velocity.

a} n\’i-_- W\.g —-"‘sz = 9.(..:3 - By?

L) EUAW\‘\J \:t(’ouf(j i neacked vk 55_:0/ 1.e \[r:\/?i;Y

-

) vd/v 3—-Q\/2 /bo__‘_/_____.d\/:(h(-

;)”F Vr/2 W/Z&v
20 At_. AV [d‘.’sjév,’::k'_/”:v—z——
3' . sz. 0 0 g" QV (0 %
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RESISTED MOTION

9 A parachutist jumps from a stationary balloon at a great height. The parachute opens after 10 seconds.
Assume that air resistance produces a retardation proportional to the velocity, with a constant of L X
proportionality k = 0.1 for the first 10 seconds (i.e. during freefall) and k = 2 after the parachute opens. Find:
(@) the parachutist’s velocity after 10 seconds  (b) the parachutist’s velocity after 15 seconds
(c) the parachutist’s terminal velocity, i.e. the approximate velocity while floating to the ground.  10A

aymﬁi:m;—-mﬁv o 55:9 — kv

d\/ = == QV = dt: _é__\_/___ &2_2
I‘:_—g ’ ?f—-kv y

/tdkz [TV [__g{ &*ij -t

0 0 3‘9~V &

Rt - &L(g—ﬁv) - &\/3) o &(;_?) _ _ Rkt
koe” Ry - [-g* v ﬂ’-eﬁ}

A%E.—.%IOA v,osﬁ_[,,@ .S:wg(l_e.):

& o
)

g_—PAVIS:

Vs = He'iwrzo?%] :%ﬁ'+|qe_2@
CIO

) i:}—ﬁv T oo veloity i sencded wor. X =0

Le. 3;er or vr=%,=g_

2z
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RESISTED MOTION

10 A particle is projected vertically upwards against air resistance. Its acceleration at any time f seconds after
projection is given by X = —(g + %v"), where v ms™ is the velocity. If the initial velocity is 20ms™, find:
(@) the greatest height reached (b) the time taken to reach the greatest height.

%) iz—(j‘l"‘(g‘vzj fro Vﬁ____( —FI(';V’) T

' ot §+|J6V
4V 0| dV
- J ;- /—5’:7
JO o 3+IV lg

- B [t - 0] - B ()
.. t_,_LQta»c'(z(_%Q
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RESISTED MOTION

11 A particle is projected vertically upwards with initial speed u. Its acceleration is given by the differential
equation X= —(g + kv) where v is the speed at any time ¢, k is a positive constant and kv is the retardation due
10 air resistance.

(@) Find the maximum height reached by the particle. ;

() Find the time taken to reach the maximum height. SN
(c) Write the differential equation for the downward motion.

(d) Show that the particle returns to its point of projection with a speed V given by:

k(u+V)= glog‘[g%]

%) &::-[;J-Ev) = V%\/_:-é'FQ\/) A
' X

o =V v _ dx MWBOKMM. J
+Qv

18
wdy - R
dl ——Vd\/ :J‘ Vv dv LQJ- ;:g"'ﬁv A%_
/ /u, }-Hl\/ g+kv g+&u\ Av:%

&_O ai-ﬂm /#_—g' dy
P“RJQ? j‘)”'? {9 3&'3]
k= gtk -g"*’ﬂ*%—@*—'?r = Wgﬁlﬁ)

=

-
b) i::,_@Jrﬁv = ig ____(3+Qv)

SO Cl — e O‘V We_ ‘W\@\l‘o—, J)OIK 0&0/)
03'{' Rv w
dv

ey
& = /34—[& - 3+RV

o <[l 23
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RESISTED MOTION

14 A particle of unit mass moves in a horizontal straight line against a resistance numerically equal to v + v,
where v is its velocity. Initially the particle is at the origin and is travelling with velocity Q, where Q> 0.

(@) Show that: tan™ Q- tan™ v = tan™ [%] . Q > S
(b) Show that x = tan™ [% where x is the displacement. = —(</ t+V )

2 2
(c) Show that! = 1log, [9,—“—12} where t is the elapsed time when the particle is travelling with
velocity v. vi1+Q)

(d) Find +* as a function of .
(e) Find the limiting values of vand x as 1 — o=,

) we foke e foagut o bolf sidoo:
‘tm\(twﬁl&—tw{'v) — ta»(tm"@)_tau({:a»'v) _
| + tow (tai'Q) tau (taic'v)

' | -l 1/Q-v
"I~y = m(wav)

. .
) X=-v_v> a0 VAL =-V-V
do

= Ao v L _de= M
e | V< v

v _
i i&x: dv A0 _x__.[tcm‘\/:\
0 Q [+v* y

S0 x = [t‘”‘r'v =t Q - By Q
H—Qv)

G dtv
S ’-O\E:A\j_—-——- MJdt:J AV
| a4 bvtc :a+avl+bvz+cv /aoca—zol
"~ T 2 _ -
viHv) v |+ v (1+Vv*) e
B b= -1
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RESISTED MOTION

INA% +Q v2-(l+&L3J
- t= —,L &A(T%VZ) ' aA/ & )J "2 [Q"(HV‘)
. Q’-(|+vl))
S wdad €= Q) ) o
d Q* |+vl)) _JE  =b QL(HV: _e
/ QM(VZ(H'QZ) vE(1+Q)

‘ =0
*’Rmtm / &:-WZ @M t(m—l Q,_\/
e i KGL 51_/\?0% ) V—20 (H-Qv)
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RESISTED MOTION

15 A particle of unit mass is projected vertically upwards in a medium in which the retardation due to resistance
is 0.1v. It is allowed to fall back to its point of projection. The initial speed of projection is V, and the final
speed on return is V.. Show that: )f
(@) the equation of motion on the upwards journey is x=—(g +0.1v)

; ; g 10
(b) the maximum height reached is h = 10V, +100g loge(ﬁ)

10g +V,
10g

(c) the time taken to reach the highest point is T, =10 log‘(
(d) the equation of motion on the downwards journey is = g = 0.1v

(e) the time taken on the downwards journey is T, =10 log, (T;O-gv_)
2

’ . ‘ 10
() by analysis of the downwards journey, h = =10V, +100g l%,(m%v;) )\
. o V +V V
(g) the total time of the motion is T = —~ F £ vo F
1] — J(
) w2 -Olvem b w=l
o X = — (q +0.1V)

4
f
=
—I-_

o
=

) o gm v B el e ¥

So -t = VAV __

34-o.lvo 3
_h = 0D [(g«g (’Mj) —(9+o.1v0—3 ()M(ngo,lvoD}

o= J00 [0V g a*(g+§'lv°n
h=10Vo +IOOa

&ACQ—I—O.,VO
Sektion 5 - P&ge |2 of | 4. 'O
h=10Vo + lo0g &64—>

Og + Vo




RESISTED MOTION
) o =W %z_(wa:v)
9

dt :
i dV
40 -At' = _,___._————AV = dk:
34-0,,\, 04 " g+0.lv ]
ST - &(84—0,!@ — 10 | tf +0./v)
[ 0.1 v [ 4 ]V"

S T=10 [&(3+0.|@f _ 0 QM(@F%

Co T =10 b '05+V°> d)bt:Oq—O-lv

IO&
8) _A_‘i—z}-—o.!v -~ 4t = dv
dt g-o,lv e
zdt = dv A0 Tz-_- [Qu —OJV)
J -O -0lv 0 (—O.l) 0 ,0 0
T.= 10 [Wﬁ'o'v) e =10 % (3—3.7>= looq_v,c)
g) Vﬂ:g—()lv , = vdv
h MVF g—O.I\/
/d/L—.—/ v dv y=4-01v ﬁz_o, o du=-104y
0 0o q—0-1V v___(g—g)lo 3
h =/ IBO(L{VE‘J) x{—fO&J) = ’d) -9-—‘;3—&3 = |UD/23——-1)AJ
9-0- Ve j‘o-’VF
f
-
h= 100 [ghg 3]3_0‘%
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~0.1Ve
h = 100 &(7@_,> _ 10 Ve
3—-0.1\#
h_ —10Ve + 100q @ [19d 4)
Cj 0q — Ve

J/ We add the tme 'y 90 4 ad He tae fo 8& doum
T=T+T. =10 & .101+vo + 0 @w(_@g___.)
( ) 0g — V¢

¢
T_ 10 On|(l0g+V%e) , 10g 106 /109t
[ ’03 {IOé—VF):)‘ lOg—-VFj

Tg \/CM Lﬂ@& PTo L fm of b) ot f),
o + 100 _ _10Ve +100q G/ 10
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