
d"ryz aia`

mi`wihnznl dwiqit
dpzyn dqn mr iew rpz

dreaw zexidna wlc zhlet zillgd .t = 0 a ux`d xeckn zxbeyn zillg .1
.m0 zizlgzdd dzqn .α avwae u (zillgl qgia)

v onfd ly divwpetk dzexidn z` e`vn (`)

llek) zillgd ly rpzd t rbxa .m = m0−αt i"r dpezp zillgd zqn
wlcd zqn .v+dv dzexidne m+dm dzqn t+dt rbxa .mv (wlcd
.Fdt = −mgdt l deey rpza iepiyd .v − u ezexidne −dm hltpd

ok m`

(1) (m+ dm)(v + dv) + (v − u)(−dm)−mv = −mgdt,

lawp ipy xcqn mixai` zgpfdae

(2)
dv

dt
=

αu

m0 − αt
− g.

ok lr

(3) v = u ln
(

m0

m0 − αt

)
− gt

x dnewin z` e`vn (a)

lawp (3) lr divxbhpi`n

(4) x = u
[(
m0

α
− t

)
ln
(
1− α

m0

t
)
+ t

]
− 1

2
gt2

`"deck ly divhiaxbd dcyn zgxea zillgdy jk ilinipind u edn (b)
α = 104Kg/s ,m0 = 2× 106Kg ,wlc epid dzqnn 90% y oezp m`

.R = 6.3× 106m `"deck qeicxe

.h << R y jk h dcewpa z`vnp zillgd te dgixad rbxa ik gipp
`id dgixad zexidn okle mv2e = mgR lawp dibxp` xeniyn

oezp dgixal i`pzd .te = 0.9m0/α epid dgixad rbx .ve =
√
2gR

lawp (3) n okle v(te) ≥ ve i"r

(5) umin = (0.9m0g/α+
√
2gR)/ ln 10 ' 20, 360Km/h.
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ilnyge ihpbn zecy milret ea xef`a rp q orhne m dqn lra wiwlg .2

.dn`zda ~E = Eẑ, ~B = Bẑ ,ẑ oeeka mireawe micig`

drepzd ze`eeyn z` enyx (`)

drepzd ze`eeyn .~FL = q(~v × ~B + ~E) upxel gk lret wiwlgd lr

,m~a = m~̇v = ~FL = q(~v × ~B + ~E) dxeva zixehwe `et` dpazkiz
:miaikxae

mv̇x = qBvy, (6)

mv̇y = −qBvx, (7)

mv̇z = qE. (8)

~v0 = (v0, 0, 0) y ozpida zexidnd z` e`vn (a)

lawpe ω = qB/m onqp

vx = v0 cosωt, (9)

vy = −v0 sinωt, (10)

vz =
qE

m
t. (11)

ziy`xa dligzn drepzdy ozpida mewind z` e`vn (b)

lawp (a2) a ze`eeynd lr divxbhpi`n

x =
v0
ω

sinωt, (12)

y =
v0
ω
(cosωt− 1), (13)

z =
qE

2m
t2. (14)

,x2 + (y + v0/ω)
2 = (v0/ω)

2 ilbrn jzg lra bxea epid lelqnd
.hehxya x`eznk

? h daebl cr wiwlgd rvai miaeaiq dnk (c)

lkl rvai ,ef dcewpl cr .h daeba wiwlgd ea rbxd z` th a onqp
onf T = 2π/ω xy`k nT ≤ th ≤ (n+1)T xnelk .miaeaiq n zegtd

.nc = [th/T ] = [B
√
qh/2mE/π] epid miaeaiqd xtqn ok lr .xefgnd

zexiczd) B ihpbnd dcyd mr dler miaeaiqd xtqn ik al miyp
.(ẑ oeeka dve`zd) E ilnygd dcyd mr cxeie (ziziefd
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x = sin(t), y = cos(t)−1, z = t
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