Worksheet: Pigoonhole principle Matl 220-02, Spring 20

Work on the problema below with ons or two students nearb,
Call me over il you have questions or want to check answers
Each of these problems can be solved using the pigeonhole principle:

Let mon € M. Suppose that © sefd af oljects | “pigeons") ere distribuled ovong n categories (“pi-

geonhoelea” . If the nomber of obfects & ot leost nim — 1) = 1, then there i aome cotegory with o
least m objests in il

L. Arznme thaet all people have al most 200,000 hairs oo 1heir head. Prove that in MNew York
City, there are bwa penple wich exactly 1he sane pimber of hairs on their head.

Thae ane ak Jsast Swillio ponlein NYC (cumant pop. = 8.8 million),

Serk thm ietn pigudiels b1 —1000m] acwding HeHn the
Aunthen of haths on thede head. Sine & il 5 200,000+

tha's o pigionhol with 37 prope (in fact. Hwath o
with %40 peophl. 36 somedwo paph have Hhe same

mamber of hainy,
The pigeons are: The > Rralliva The plgennholea are: Tly ﬂHHlJ(m
people in NYE, 0,1, -~ 200000,

2. How muony digila of & nmeat you examine before yow are gueranteed to soe some specific digit
at least 1000 tines?
Inthe womt eenc’ ymy might s ecch digd 0.1~ 4
qaq fiews b seeing guy 1000 Himia Bubfor corfia
yooll st o agpead onee Yo s

[0-ga¢ + ] = 4G45|
digihs.

The pigeons are: Pty values The pigeonholes are: mﬁ!,ﬂgﬁ 0.1, 4
it e decmal of . o

24 February 2020, pepe 1 of 2



3. Buppose that there are seven bievelss on the section of the Norwotouck Rail Treil running
from Amberst College oo the Oommecticns Kiver., Aasums that this section of che tredl is
exinctly six miles lonz, Prove that there are two hicyoles that are gt most one mile apare.

By dirding the +ncil imbo six one-wile segents, we moy divide
Hhe soven hicydlish int Sx cckegrin. Noke that we could plie
Fhe il moabe 1 ink gibhen the 1Y seament o bhe seemd,
bt it werit melke @ diffwe,

e

Bﬁq{mwk pringiple, pmd we brzytls g B Hhe o s, Then
b bitgls aut ab mok one mile apad Ging e Segme Ore

orne mik lnag
The plgeons are: The pigeonholes are:
The seven bicyelen. The seiy [0, (LZ), (23) (3]

(4s1 (58]
v Tod), [12), k. it endpuich ane Hascled diffpnl).

4. Suppose that & = {#, #g,-- - A} i aeet of 10 natural pumbers, Prove that some nonempey
enbset of & hae aum divieible by 10, By eonventicn, the “gium”™ of o set with just one number
it the number itealf.

This iz & more challenging application of pigeonhols, so e told rou below what the pigeon-
holes and pigennhcdes could be below; ase i vou can fod o proof along chese lines.

Comiderthe elven mumben 0, 5, SR, o St 5,

i by Hagis 1m+diqi$. Thit ax Fi4 ({E[u.-f,.]- e:tu':i[h prokible  fo SOR

o womy ek with  the same igit, Thae diffongne o mor, dekail
o1 +his {3 cueke
Fiowt T Tz w45 will b Lokl

frsumme maedo 1% wl men, gad mbending 0, hne | oHawedacg,
Haenn  Hiinia twm of & bk f Sown, o, Sad 28 ﬁi‘:\iﬂu .
that o divisitle by ID.

The pigeons are: The numbera (0, s, 51+ 57, 51 s+ 83, 5+ 22+ -+ 8y
The pigeonholes are; The digits ©,1,2, -+, 9.
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