
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

`ixnz zillgdy jk u lr i`pz e`vn (b)

yexcpe t << m0/α mipnf xear xeliih xehl (3) z` gztp

u > m0g/α xnelk ,v = (uα/m0 − g)t+O(αt/m0)
2 > 0

1



`"deck ly divhiaxbd dcyn zgxea zillgdy jk ilinipind u edn (c)
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/2 = 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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