1. Kinematika pohybu hmotného bodu
S 3v,V, vV,

1lv= 5 = = v, = =18km-h*
S S vy, 3v, —2v
3v, 3v,
2s =2

12v=at="—" t:TS:14O m-s?

t2

1.4 5v0=v0+at,s:v0t+1at2 = v0:3=5m‘s'l,a=4—52=4m's'2
2 3t 3t
1 2 _v? 2
15v=y,—at,s=yt--at®* = a=Yo "V _14am.s?t=—">=77s
2 2s Vy+V

1.6 sina':% = a'=16° o =106°, v=+/55°-15"m-s'=53m-s™

1.7 v=7d,f =xd,f,=75m-s*, f,= fl%=6,0 Hz

2
2

18T =86164s,a, = Rcos(p-‘i'l_iz,adl =0,024 m-s?,a,, =0,017 m-s?

2
1.9 Lj:mg = V= g(%—hJ:SAm-s'l

&

2

2. Dynamika pohybu hmotného bodu

21 a<Vo MO M(@tov) ey
t  2m+m, 2v
mv?

22 F=——=750 kN
2s

23 a=g(sina—fcosa)=19m-s?

h
7_m2

24 a= g=0,23m-s?

m, +m,
2.5 a) FF=mg=49N,b) F,=m(g+a)=59N, c) F =m(g—a)=42N

mg—- 2
26 ke 1 gV _1
mg gr 3
mv 2 F V2 v2
2.7 a) K, = =120N,b) tga=—=—=a=11°,c) F>2F = f=—=0,20
r Fo or ar

3. Mechanicka prace, mechanicka energie, vvkon

3.1 n:%:o,%

=17m

nmgh _ npVgh
32 P= - =npQugh = h=
t t Y nyg



pShg(H —2)
33t=————"2=230min

ia
2
3.4 mgh:mg-2r+%mv2,m:mg = h:gr:O,SOm
r
35 v:?’\/§=30m-s'1
36v=—"Tu v =2y —025m.st, AE=— MM 210505, E__ M _3_p5
m+m, = 8 2(m +m,) " E, m+m, 8
3.7 v, ="M Boh-230m.s?
m
4. Gravita¢ni pole a pohyby v ném
V, ++/V2 +2gh
4.1 y(2):h+vot—%gt2:6,4m,td= 0" VVo 9 =24s,v, =,V +2gh =18 m-s*
g
4.2 x(2)=vgt, =40m, y(2)=h—%gtf=60m,td = %h=4,05,vd — V2 +2gh =44m.s*
2.3
43 mro? =™ 2T _ Mo 50.10%kg
r T GT
F a R’ 3a
44 p= M ,ag:—g:G'\:I = M=—"—=6,0-10"kg, p=—2 =5500 kg-m"
4 ns m R G 47GR
3
GM 1GM 1 GM 1 GM 1
45 a, = =-——=-a,=109m-s? v :,/ =4600m-s™
“ B3R 9R 9 “ NE BN
2 3 2
| v
4.6 T—2261—3,,2<':1=I‘p+ra = a:2a—rp:2azs-r—2—rp:35,3au,rava:rpvp = b_h
T, a; T Vo
5. Mechanika tuhého télesa
51 M =2Frsina=18N-m
5.2 ngzF-Zr = F:%F 25kN , W =2F -22r-20=1900 J
5.3 W =mg V2a_a :Qpag 1350, F, Za=mg-2 = F, =29 gy
2 2 2 2 2
S4 F+F=mg,Frn=Fr, = F= mg=500N, F, = h mg =400 N
I+, I+,

5.5 mlg(la—dj:ngd = m, :ml(%— j:65kg

5.6 FlCOSa:mglzsina = F:%tga:ﬂN

5.7 mv pocatku, 2mna ose X, dmnaosey = X; =%d =0,50m, y; :%d =0,70m



58T :7z1/E =017s
Fs
59 f =1‘/ﬂ:50 Hz, r=s 2—‘]=O,48m
7 \2J P

6. Mechanika kapalin a plynu

6.1 p,abcg = pabhg = h= Prc= 0,7c=7cm
Yo

62W = ptShgh—pShgg - Shzg(pt —%} =72kJ

2 2 d4

1 1, 2 7 1
63 Pt oA =Pyt A T =Y, = Apzpz—pl=§mf(1—d—iJ=—4800 Pa

2
6.4 d=2 | —56mm
Y

2
6.5 v=.,2gh=21m-s*, P=Fv= pSv=%p\/2-ﬂ%-v=%zzd2pv3 :gzzdz,ow/g%3 =85MW
1 , 1 2
=mv = pW 2
nebo P:%:Zt :2 t :%pQVVZZ%p‘SV'VZZEP'ﬂ V3:

6.6 P=F,v= %CSst =22 KW

7. Z.akladni poznatky molekularné kinetické teorie latek
7.1a) 045K, 279K a234 K

7.2a) 108 g, b) 1,8-10* kg, ¢) 5,6-10°*, d) 6,022-10*
7.3a) M, =201,M_=201g-mol™, b) m, =M m, =334-10%"kg

0) n= Mﬂ ~0184mol, N =nN, =1,11-10?

m

7.4a) m=pV =012kg, b) n= =60mol,

_m
Mm
¢) N=nN, =36-10*,d) m =2Am, =332-10"" kg
7.5a) n=Nl=83moI ,b) m=N-2Am, =2,3kg,c) V =nV_, =18 m®
A

7.6 W =nN,, - E, =0,50 MJ

7.7 @) 2 0,063, b) 0 0,31, 0 0,63
32 32 32

8. Struktura a vlastnosti plynu

8.1 Vm=22,4l-mol'1,N=nNA=\\//—NA=2,7~1022 — t=310"s=9-10°r

m

82 Q=24kJ,W =-15kJ,AU =Q+W =0,9kJ, teplota vzrostla

g3 P 2P 1 _1000K,T,=1200K
T, T,+200K



84 pv="TRT = p=2"T _110000Pa
M M

m m

g5 PV _ PV, _ 1500V, _{p,}-028%, o qanqp,

T, T, 288 318
8.6 pV:MﬂRT = m=PMu _g4q

VY v, 5P
8.7 pV =p,| =| = p,=15"p, =44MPa, 1= = T,=15""T, =890K
15 T T,
9. Termodynamika
9.1 mgh =mcAt = Atzg—h=0,14 °C
c

1, v?
9.2 —mv° =mcAt = At=—=150°C

2 2¢C
9.3 me(t, —t)=myc(t-t,) = mlzt_ti m, =1,75kg
9.4 me,(t,—t)=mc,(t—-t,) = t, e et oo

m2C2
) m,c,t, + mcyt

9.5a) C=m, =330J-K*, b) mc,(t-t,)=myc,(t,-t) = t=—121 111 -73°C

) 1~1 ) 1 l( ti) 2 2(2 ) m101+mlcl

MCAt y
9.6a) BP,r=mcAt = g = 5 =080,b) E=PF,r=506 ki =014 kWh = cenal4Kc¢
ol

9.7 mc,(t, —t)=my,(t-t,) = CZZMCFMOJ.kg-LKd

mz(t_tz)

10. Struktura a vlastnosti pevnych latek a kapalin
10.1 11+ oAt) =11+ a,At) = At= b7l _gapec
Loy — Lo,

2

102 F=o0, -2072'% =38000 N
10.3 Voda: V :Vl(1+ ﬂAt): 0,491 < 0,501, navic i vnitini objem hrnku se zvétsi
8,7 kg

104 m=pV, =pV = =
PV, =P pll+30£At

105 Ap=e2 Zgh? it —120 MPa

Il 1

106 o= % ~0039 N-m*

107 2% hpg,2%2—hpg = o,=2P25 049N m"
R R h o
108 hpg=22 = m=p-mRh=p-R2.2% — 2RI _15mg

R Rpg g



11. Skupenské premény latek
11.1 Q=mcat+ml, =267 kJ

m,cAt+m,l,

112 = =500 s

mcAt — ml,

21 17

11.3

= 2'2=2'1|—V=51min

cAt
m,c+C)t, —m,,
(m,+m,)c+C
115 Q,=mgct, =420 k],Q, =m,c,t, =37,8kJ, L, =m,l, =400,8k] = Q,<Q,+L,,

114 (mc+C)t, —t)=m,l +m,ct = t:( =45°C

neroztaty led m; = _Q+L-Q =0,056 kg

t
11.6 me(t—t)=nm,l, +me(t, -t) = t= m, (71, +ct,)+mct,

=72°C
(m, +m, )c

12. Kmitavy pohyb
121 v, =vy, -2 =055m-s?, a, =y, -(22f ) =1500 m-s?

12.2 'y =0,002sin (5071{t}+%j m,t= %T = 0,030s, v, =Yy ©=031m-s*

12.3 a) y,, =5cm, T =4s, ¢, =%rad, b) At=1 =05s,¢c) y(t,)=35cm, y(t,)=0cm

8
124 f=125Hz = m=—_ —41kg, Al="9 —016 m
Ar“f k
125 k=+ =2600N-m*, T = 27r\/7 055 s
Al K

2
12.6 WzlkyZ,F:ky = k:F—:32,5N-m'l,
2 2W
y=0,04sin(47z{t} Z}m OO4sm(47z{} 3;}m

127 v= yma)cos% = ym\/%cos% =0,25m-s*, F, =ky =13N

13. Mechanické vinéni, akustika

13.1 y=0,04m-sin 27{% —ij , =107 (probéhlo 5 kmitf)

15
27[ 2 f /1 Vv 2
13.3 a) A¢’ A 122 Ax=16m.b) =Y =210 Hz
2 Ap A

13.4 l=CT=5m =

y=yY,sin2x t.x =2sin2x 0 BB cm=2sin 148,57 cm =2,0 cm
T 2 0,125 5
135 Ax:%:i=0,39m,d=%=0,19m



A

136 1-3:2 = f- 3

=—=70Hz

<
A2

14. Elektrické pole, kondenzatory

2

2
141 E:—=3OOV-m'1,EO=E-(%) =7500V-m*, E = kQ = Q———83nC

142 E=E+E, E=E =E, |§l| =1800 V-m™, smér shodny se smérem od Q do Q1

= :e|(/’2_(/’1|
d

14.3 =64-10" N, smé&r BA, W =elp, —¢| = 480eV =7,7-10"J

14.4 czgcl:o,soﬂF, Ql=Q2=C1%=2,4/JC, Q,=CU =48 /C

145 C =gy g =21nF

146 Q=CU,=CU, = UZZ%Ul: Uy=fU=92V,
2

pE=LoU,-u,)=Le, Sufu, Gy, |- &8V =d) g6 490,
2 2%, * d 2d;

15. Obvod stejnosmérného proudu
151 1,=15A/1,=09A,1,=06AU,=45V,U,=U,=36V

152 P=RI*U,=(R+R)l = Ri:Ue\/g—RzlAQ

153 p=—Pt R
AT et 10t ant

= 0,017 pOm

-1
15.4 R:%:@Q R,=R- R:@Q R, (i—iJ =60 Q

155 U=U,—RI=42V, R:%—Ri:&m, Im:%:7,5A

2
156 p="A _s0w. R=Y -380
T P
157 I,=—1 | =32A, 1,=—"2_|-08A
P1+P2 1+ 2

16. Elektricky proud v latkach a ve vakuu

=329-10"kg-C*, b) h=— :ﬂ:0,48mm
S  pS



16.4 m=pSh=MmQ,E=QU = S= M,E =0,57 m?
Fv FwJph
2 2
16.5 dzlatzzv—,a:E = d="V =12-10"m
2 2a m 2qE

16.6 %m\/zzeu = v:‘/ZGTU:LQ-lym-s'l

16.7 W =eU =eEd=32-10"°J=2000eV

17. Magnetické pole

17.1 ﬂh:ﬂl—zz X = L d=§d=3,0cm
27 X 27 d-—X L+1, 5

172 B= % =0,080 T

173 F=to by _ 4000 N
27 d

F,-F

17.4 60° —>90° B = - -
11(sin 90° —sin 60°)

=090T

_ 2ky

175 B=SY=12T
176 B=u1 = N__B _1g00m?,1=17cm
| | e
177 F, =Bev=19-10"°N, r :Bﬂ:o,lg m
e

17.8 E=Bv=2000V-m*

179 m= Be _ 1,7 -10 kg, proton
2f

18. Elektromagneticka indukce

18.1 v :M =0,75m-s*
Bl

182 U, =LA~ 25v,u, LA _150v
At A,
Blv 5 |
183 1 ==Y =40-107 A (podobu t= - =0255)
\Y

_ Bar?(cos30° - cos 60°)
At

18.4 Normala smycky zménila thel ze 60° na 30°: U, =

185 N = _Yuat =100
AD

2
18.6 a)@=NBS=N~Iuo$|.S:lu0N S

2
=L = L=¢=6,8~10‘4H

b) E, =%LI2=1,4mJ

=-0,072V



19. Obvod stridavého proudu
1 U I

191 Xe=——x=— = C=———=214F
274C | 27U
192 R=X. =+ = f=—— —66kHz
27C 27RC
193 X L2t _fh ¢ Xug _ooom;
XLl L-27zf1 f1 XLl
194 &) Xo=—— =2 = =1 _11kHz
274C | 27CU
py b 2ACU I1=LI=14mA,c) l,=0
| 2xCU  f f
195 |SS=9=600mA, -9 . J =19mA
R JRZ+X2  [R? +(2ALY

2
196 Z=_|R*+ 27sz—L =950 Q
274£C

20. Stiidavy proud v energetice

20.1 P=Ulcosp = COSqo:UiI = @=061°

202 P=U,Il =kuUl, = ulzkizlsov

=—2.1- — N, =zl —16
| P

b) P=U,,=U,l, = I1:U£:O,17A,I2:U£:1,7A

2
2
20.5 P:3-@ = R—glF': =56Q

= =

[N

2
20.6 PZ:RVIZ:RVP—2:37W
U

21. Optické soustavy a optické zobrazeni

21.1 a’'=16cm, y'=51cm (presné a’:%cm, y'=50cm)

21.2 Z=0,18,a' =-8,2cm

N

213 Z =—% = a=3f :36cm,(Z= = a=—f =—120mneexistuje)

214 f=-10cm,a’'=-6cm
215 a =60cm,a =30cm; a, =30cm,a, =60cm
21.6 a'=-18cm, f =—45cm, zdanlivy



22. Vinova optika, elektromagnetické spektrum

22.1 sine, 1 = a, =36°<45°, nastane
n

222 n, =2 =137, sine, = 2sina, = o, =51°, 4, = 4 % = 4001
n n,

2 1

22.3 sina, = 1S|na1:a2—3295° B=p—a,=27,05°,

<|O

sing, = nslnﬂ1 =, =36,24°,5 =y + f,—p=21°

22.4 2nd +§= KA=> 2, =4L‘1 =750 nm (k =1),
2nd +§ =(2k +1)§ S % =375 nm (k =1), mimo svételny obor

225 bsina=1 = b=2645nm = %:38Omm'l

226 sinag= A

° iay = y,=2,00cm, y, =375cm, Ay =1,75cm

23. Specialni teorie relativity

231 1=1,1-L = v= c/l —014c
C

232 Am="¢ —47 107* kg

c?
23.3 1,=0,5m...klidova délka v soust. laboranta, t =1,7-107° s.... relativist icky ¢as v soust. laboranta

... relativist ick& délka v soust. protonu, t, =?... viastni ¢as v soust. protonu

2
v:'—ozL”fg—zm 10° m-s* t—t1/1 — =33-10"s
t 17-10"s c?

\Y
L L s 2 12
obecng v="L=— = tj=—t=—tC t= t\/l —:\/tz—%:3,3-101°s
t ot I I t’c C
l, V2 12 12 0,
nebo v=-, t,=t[1-— =t [1-— t? -2 =33.10
t C t C C
23.4 Soustava privodéiho: | =0,75¢- At, =1125-10° m, |, =;2=1,7-108 m
\
-

At,

E

2 2
235 v, =c 1—(:—1J =0,624c, v, =¢C 1—(:—2J =0511c = u=
0 0

Soustava vypravéiho: At = =0,7565, 1, =0,75¢-At =1,7-10° m

itV _0g6e

V1V2
ars

236 AE =(m, +m, —mg > =38-10° J=2,4 MeV



24. Kvantova fyzika, elektronovy obal atomu

v
h,[1-—
2
241 s="N_ ¢t MO 45002
mv myV m, -0,9¢c
hc hc
24.2 E:7:12,4eV,W:7:5,OeV, E.=E-W=7,4eV
24.3 E:Wv+£mv2 — y= |2 E—WV =6,4-10°m-s*
A 2 m{ 4
2 e’ € K 15
244 mro =k—2,a):27zf = f=— — =6,6-10 Hz, | = fe=11mA
r 27z \mr
245 moczzm = 1:L:2,4-10*12m Emn:Em—En:El(iz—iZ]:B,ZleV,
A m,C m° n
£, =hf, =1 = 2 - _g4nm
Y j’m,n Emn

25. Fyzika atomového jadra
6m, +8m, -m; , _ (6-1,6726 +8-1,6750 —13,999 95-1,6605 )-10*"

251 &= (2,998-10°f1 =
14 14
= 7,56 MeV
E
2
252 e=——C —0,043%
10m, +10m,
25.3 *°Pb
}T %T 1
N 3w ™ 1\t (1)  N,—N —
25_4 —=e T =e 3 :(—j :(—j = 0 :1—30,5:0,794
N, 2 2 N,
N
. In —
—In2 N
255 N=NeT = t=——20T =2380r
In2
~Lin In 2 .
256 N=Ne™ = T=- t =3h6min
In0,8
257 M__AE 9110
m, 235m,.C
258 Pt=nE,—M -E — m-235m L~ 960kg

235m, E, 7E,



