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Aula 2 (26/02/2025)

. Aplicagoes de fronteira em Fisica II
- Tour sobre as atividades a serem

realizadas
. Definicao Projetos

"Mas eu nao quero Ir para o meio de gente louca!”
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ITINERARIO:
PROGRAMACAO E DINAMICA
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Novas e velhas formas




Sala Invertida - The Feynman Lectures on Physics
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Richard Feynman's Lecture: Entropy (Part 01)

EduBloq . .
@ 793 inscritos [ﬁ 1,3 mil g] A> Compartilhar

Richard Feynman's Lecture: Entropy (Part 01) (youtube.com)



https://www.youtube.com/watch?v=ROrovyJXSnM

Fisica Il - CCM

 NOTA: 0.25*(P1 + P2 + Média_Entregas + Projeto)
Aprovado(a) se NOTA 2 5.0
Recuperagdo se NOTA 2 3.0 (REGRA USP)

Média Final = 0.5*(NOTA + REC) - (REGRA IFUSP*)

Aprovado(a) se Média Final 2 5.0




Cronograma

DATA
24/2
3/3
10/3
1713
24/3
31/3
714
14/4
2114
28/4
2/5
1215
19/5
26/5
216
9/6
16/6
23/6

30/6

CRONOGRAMA TENTATIVO - FISICA IT - CCM

aula n° Segundas (16h - 18h) aula n° Quartas (09h - 12h)
1 Apresentacdo do curso 2 |Projeto - Definigdo
Feriado|Carnaval Feriado|Carnaval
3 |Revisdo matematica 4 |Projeto - Ideacéo
5 DEMO 1 - Presséo 6 Estatica dos Fluidos
7 DEMO 2 - Hidrodinamica 8 Hidrodinamica
9 DEMO 3 - Hidrodinamica ll 10 |Hidrodinamica
11 Revisdo - P1 12 |PROVA1
Feriado|Semana Santa Feriado/Semana Santa
Feriado|Tiradentes 13 |Oscilagdes |
14 |DEMO 4 - Corda vibrante / Molas / Ondulatéria 15 |Oscilagdes lI
16 |Ondas 17 |Ondas
18 |DEMO 5 - Barulhinho bom 19 |Som
20 |Revisdo - P2 21 |PROVA?2Z2
22 |DEMO 6 - Fendmenos Térmicos e Gases 23 |Primeira Lei e Gases
24 |DEMO 7 - Maquinas térmicas 25 |Segunda Lei
26 |DEMO 8 - Cinética & Mecanica Estatistica 27 |Cinética dos Gases e Mecéanica Estatistica
Feriado|Corpus Christi Feriado|Corpus Christi
28 |Projeto 29 |Apresentacdes
30 |PROVA SUB 31  |VISTA

DATA

26/2

2/3

12/3

19/3

26/3

2/4

9/4 ENTREGA 1
16/4

23/4

30/4

715

14/5

21/5 ENTREGA?2
28/5

4/6

11/6

18/6

25/6 ENTREGA3

217




Cronograma

Fevereiro [/ Marco / Abril / Junho

Oscilacbes

Mecanica Estatistica

| Projeto

&

ENTREGA 1 -13/04 ENTREGA 2 — 28/05 ENTREGA 3 — 22/06

PROVA | — 09/04 PROVA || = 21/05 PROJETO - 25/06




AGENDA DE COMPROMISSOS
Provas: 09/04 e 21/05

Coeréncia & Consisténcia:

2 Questoes das listas sugeridas
1 Questao conceitual ou articulada com as demonstracoes

Entregas: 13/04 — 28/05 — 22/06
Relatorio

Demonstracoes (Presenca obrigatoria)

Projetos: 25/06




isita ao Sirtus — Agendar




FLUIDOS SOB CONFINAMENTO
“POR MARES NUNCA DANTES NAVEGADOS”

In collaboration with:
A. Kirch, T. Lanna, N. Razmara, J. Meneghini,




ESTATICA DE FLUIDOS E HIDRODINAMICA
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Pressao e hidrostatica

Ohldearii[dowish I hadn;t cried so much™®

L
Q

"Logo ela comecou a afundar na agua salgada, e percebeu que estava no lago
de lagrimas que havia chorado quando tinha nove metros de altura."”
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Demo 1 - Pressao
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Demo 2 e 3 - Hidrostatica

VENTURI EFFECT

Constriction

“—

Vacuum —p -

#

Air Pressure

High Pressure Low Pressure High Pressure

|1 TORRICELLI

Temperature 45 Degrees Latitude,
100 ﬂm cm Sea Level Pressure

........ é

760 mm

Low Speed J High Speed 4 Low Speed

Points of Sail

=1033gr=1013 mb
hPa

—— Evangelista Torricelli —"\Zf

winds are produced by
differences of air temperature,
and hence density, between two
regions of earth.
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Turbuléncia

Grandes Num Reynolds: Re _




Fluxo




FLUIDOS I - MONIAC - $$$ - computador analégico

Reservatério 1

A

Reservatorio 2 1
=y

Ladrao de agua

Tomeira
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Nanofluidica

NANOFLUIDICS MICROFLUIDICS MILLIFLUIDICS

BOCQUET, Lyderic; TABELING, Patrick. Physics and technological aspe%ts of I
nanofluidics. Lab on a Chip, v. 14, n. 17, p. 3143-3158, 2014 I
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Noncontinuum description How the characteristic scales pertaining to the 1-100 nm range
Surface-dominated interfere with the system size ?

Low Reynolds number
Multiscale and multiphysics Can they combine together to produce new physical effects ?

DOoo0



Hagen—Poiseuille equation

LR 3 Al S o PR T S TR R T

Velocity (m/s)

» Second derivative of the parabolic velocity profile
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Nanofluidica
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Projetando Membranas de Nanotubos
de Carbono para Dessalinizacdo
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Separation

Graphene cleans up water. Nature nanotechnology,

WANG, Evelyn N.; KARNIK, Rohit. Water desalination:
v.7,n.9,p.552-554,2012.

A

L
| asueRloNpuUOD)

r

Buffer

PATOLSKY, Fernando; ZHENG, Gengfeng; LIEBER, Charles M.
Nanowire sensors for medicine and the life sciences. 2006.
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Single-ion sensor

nature SN

. COMMUNICATIONS

Geiger Counter
ARTICLE
Received 12 Jul 2015 | Accepted 11 Dec 2075 | Published 25 Jan 2016 DOI: 10.1038/ncomms10475 OPEN
Single-ion adsorption and switching in carbon
nanotubes

Adam W. Bushmaker', Vanessa Oklejas,], Don Walker!, Alan R. Hopkins‘, Jihan Chen? & Stephen B. Cronin?

o
o

%
F

Drain current (A)
%

Individual
carbon _10
;| nanotube 10

Scanning electron microscope image of CNT FET 10 15 20 25 30

Time (s)

Figure 1 | Device layout and switching transients caused by single-ion adsorption. (a) Scanning electron microscope image of CNT FET device

and (b) plot of drain current versus time showing switching transients observed during ionized gas exposure. The inset shows a cartoon image
of a gas molecule adsorbed on the surface of a carbon nanotube.



Dinamica de fluidos em nanoporos

Tube diameter: 1.6 nm

Molecular Model

Experimental

O Size effects (__,/o
000

o Fluid flow %

0 Gas compostion

B

A. Kirch, T. Lanna, N. Razmara, J. Meneghini, C. Miranda, Bulletin of the American Physical Society, 2019



James M. de Almeida and
Caetano R. Miranda

Work under review




Nanofluidica

Water structuring Phase Diagram
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OSCILACOES, ONDAS E SOM
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Oscilacoes e Ondas

"As vezes eu acho que cheguei a algum
lugar, mas logo percebo que estou de
volta onde comecei.”

"Ora, agora eu sou maior que voceé, e
agora sou menor! Como pode isso?"

29



Demo 4a — Cordas vibrantes e oscilagoes

: ‘% : . Cordas Vibrando |

= -"-—_:__ér__:r Trnax (_J » I
Xp o (_J
Vp o (]
[ ' YO

Cerador de Chndas
LT (_J
‘ Massas para Tensionar fo () > 1

as cordas de Nylon Y L

0y 0 Ty Ly B gh Oty g g S Dty T ) e ) e e
10 20 3 44?____—55——"150"__"?0

30



Demo 4b — Fenomenos ondulatorios

Cuba de ondas

31



Onda harmonica

Fundamental — Onda harmoénica

A primeira € uma onda senoidal em 440Hz.

O segundo adiciona um harmonico em 880Hz.

A terceira adiciona outro harmonico em 1760 Hz.

b) Minimum
velocity.
_ _ maximuim
Coiled spring / acceleration
Mass /\ i
@ N \ / W
® '

X

Maximum

velocity,
minimumn

\_ acceleration




Sintetizando som ...

/\/ 'IIIII"lllll' AR
W &




Science — 01/11/1963

o o : COMPUTER LOUDSPEAKER
The Digital Computer e I AT v Pt
[ ] TO i
as a Musical Instrument | 8,13,16,12, 11,15, ] Lol \Nalog [¥ FILTER P A~
1 12,5, -4, " || |converTer||| © TO5ke

A computer can be programmed to play “instrumental” l

i id the composer, or to compose unaided. SEQUENCE OF SEQUENCE OF SOUND PRESSURE
music, to a t p ? p NUMBERS FROM PULSES WITH WAVE OBTAINED
COMPUTER AMPLITUDE BY SMOOTHING
0SC, MEMORY PROPORTIONAL PULSES
AMPLITUDE = — — = — — TO NUMBERS
I~
: _ 00 |6 13 16 12 11 15 ces
DURATION OF NOTE
OUTPUT TO BE
SUMMED WITH OTHER
FREQUENCY — — — — — — SO—— INSTRUMENTS AS 10 }-

SPECIFIED BY THE

0SC3a SCORE

MAXIMUM FREQUENCY
DEVIATION OF 0
PERIODIC VIBRATO

RATE OF
PERIODIC VIBRATO ~

.

- | ]
200 1 2

TIME (MILLISECONDS)

MAXIMUM FREQUENCY
DEVIATION OF O
RANDOM VIBRATO

SCALE OF NUMBERS
PROPORTIONAL TO PRESSURE
o

RATE OF R Fig. 1. Schematic diagram depicting the conversion of a sequence of numbers stored
RANDOM VIBRATO RANDOM in a computer memory to a sound pressure wave form. The sampling rate is 10,000
GENERATOR numbers per second to yield a bandwidth of 5000 cycles per second for the sound wave.
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Conversao analogico digital
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Sintetizador basico
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EXPERIMENTACOES SONORAS
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Musica e Fisica

Dia internacional
da MﬂSica oecuesatnest
t:lﬁi’l_—. =

Compression (maximum pressure)

P

Musica para todos...
Misica sem fronteiras...

Sound pressure (amplitude)

Fonte: https://www.calendarr.com/brasil/dia-internacional-da-musica/

\/ Time
One complete _j

=" vibration cycle ~
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wave ©2015, Dan Russell 2002, Dan Pussell




Ondas acusticas em atmosferas alienigenas

Attenuation (1/m)
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Venus 730 K

Titan 95 K

Earth 295 K

| Mars 227 K
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Sonificagao

Definition: Sonification

exchangeability
of data

systematic

transformation reproducible

Sonification
Algorithm

Data

interactions (optional)

Source as adapted from: Thomas, H. (2008), “Taxonomy and definitions for sonification and auditory display.”
Proceedings of the 14th International Conference on Auditory Display, Paris, France



Paleta de Som

Location (Spatialisation)

Loudness (Amplitude)

Pitch:
Relative Highness/Lowness

Register (Frequency Band)

Melody (sequence of sounds)

CDEFG CEDFG

Timbre:

Sound guality (e.qg. different instruments)

Attack/Decay (often decides timbre)

AAd AA A

S, | \

Rhythm:
Duration (of sound and pauses)

Rate of change

'Y Y FY BN ENE

Extracted from “Sonification in computational physics”

by Katharina Vogt — SysMus08 - Based on xSonify




Motivagoes

Forma alternativa de representar e analisar dados
Exploracao e percepcao multidimensional intuitiva
Representando o invisivel

Disseminacao cientifica e inclusao

Integrar / complementar experiéncias de imersao (Sound
design)

Conexao com a arte (musica)




40 — Primeiros passos
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Interfaces solido-fluido

« Explorar os mecanismos moleculares subjacentes e as propriedades
fisico-quimicas nas interfaces fluido-solido
2t o] O usuario de RV pode navegar nas interfaces:

 estrutura cristalina de calcita
« estrutura da agua confinada
« distribuicao i0onica e solvatacdo nos ions

1)Nanoconfinamento

2) Injecao de fluidos com
Baixa salinidade
3)Biomineralizacao

Salmoura confinada nas superficies de calcita e cimento




Interface calcita-salmoura




Uma visao do Google sobre os fendmenox:

G(EV)

0.12—

e
—
=

p (molecules/A’)

0.02

o o
& &

=
T g T

2.0

0.0

E -> Edge

B Cyclic Pentamers
} B Cyclic Tetramers

B Hexamer Bags
B Hexamer Boats

Hexamer Books
B Hexamer Chairs

Cyclic Fentamer

Hexamer Bag

Layer 1 Layer 2

C. R. Miranda

J. Phys. Chem. C, 121,6674, 2017
J. Phys. Chem. C,122,6117, 2018

Layer 3

V-> VErex

T?*
ﬂmréa

Hexamer Chair

Bulk
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Mapeamento da Sonificagao

xilophone
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Mapeamento da Sonificagao

vibraphone

FHeamer Chk

hee &4,

xilophone
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TERMODINAMICA & MECANICA ESTATISTICA

50



Termodinamica e Fisica Estatistica

“IF yOU KNEW TIME $9\

“You wouIDN'T
TalK aBOUT

WaSTING IT.”

"Se vocé conhecesse o Tempo tao bem quanto eu, nao falaria em perdé-/o.”

"AQui VOCE tem que correr o maximo gue puder para ficar no mesmo lugar."

51
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Demo 6b — Experimentos Gases

Boyle’s law

.

ARRRRRAA

W

RARRRARRRRAA!

RERRRAAN

L

B AAAAAAAAAAAAAAAAAAAAAAARAARRRRRRAAAA A

£g-
© pressure ° . pressure
g : g i (RRR]
5 - S Wy
S e B4 N0 157
- §o.weé
temperature temperature = =
%) 7 N
\\\nm/, :
\\\\ P
200 300 1
=100 4 400z} b
= = ot
-0 5003

© Encyclopaedia Britannica, Inc.
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Demo 7 — Maquinas térmicas — visitas

2Catavento

‘ Museu de Ciéncias

—
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Demo 8 — Cinética e Mecanica estatistica

§

!
:..' (a)

i V =5 dm® (6 lters)

P = 200 kPa (1.97 atm)
I AR
Feols EWEA

v"“’i‘g‘ / \:!'-5' 1< !*
S5~ e

T L A<

> :;‘_‘I ~ <, ‘.\-":ﬁ;wﬁ
LS A

L2

S
NS E
V=2dm® 2

(c)
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Inspiragao 1

nature .
materl S Vaol.7 Mo.4 April 2008 www. nature. comynaturematerials

Theory in application

It's not surpnsing that the work of de Gennes has already found a vanety of applications —
understanding soft matter brings great advantages for industry.

“The Nobel Prize in Physics 1991 was awarded to Pierre-Gilles de
Gennes "for discovering that methods developed for studying order
phenomena in simple systems can be generalized to more complex forms
of matter, in particular to liquid crystals and polymers".

Quotation from the Nobel foundation

Pierre-Gilles de Gennes




Real systems:

Model systems: Al;05 suspensions;
latex (@ = 0.1-30%) biopolymer solutions
Aggregation and Gel formation
cluster formation
Understanding foods as - -
soft materials X0 { \
R. Mezzenga et al D,c)

S

Nature Materials 4, Oct

2005 '\g
D,(c)

105
intricacy of components N E?Ergj "
Energy barrier 10-5 g'““ﬂlg_;
different aggregation N\ Addtion of sai
states 1
/

- g
O L i i
.

Viscoelastic network

ik
&1
g
s Iy / Yoghurt
© =
= 3 104 4 @@1
characteristic time and -f‘ % /07 N\
Iength 1 ”?3’ G 104 :#':rl T T I I T

108 10 105 105 10 107 10# 102 10
Time r(s)




Inspiragao 2 — Gastronomia Molecular

Nature Materials 4, 5 - 7 (2005)
doi:10.1038/nmat1303

Molecular gastronomy
Herve This

For centuries, cooks have been applying recipes without looking for the mechanisms of the culinary transformations. A scientific discipline
that explores these changes from raw ingredients to eating the final dish, is developing into its own field, termed molecular gastronomy.
Here, one of the founders of the discipline discusses its aims and importance.




Gastronomia molecular — emulsoes

System consisting of two liquids
Dispersed and continuous phases

Thermodynamic instability
Emulsifying agents
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Esferificacao

Ferran Adria - E/ Bulli
Liquids (caviar)
Sodium Alginate

Types.:
Direct (Alginate (NaCgH-Og) + CaCl, bath) “_—
Inverse (Glucolactate C4H,,Ca0O,, + Alginate bath)

—

»
L




El Bull1 ...

Reportagem
. . 5250 pessoas para 160 vagas
Restaurante que dura 3 noites e custa R$ 10 mil por pessoa 5000 EU,OS (R% 10000) °

marca era pop-up

PN
i

2

TG AN A -

Rafael Tonon  Colunista de Nossa ] L \\ Q é :%%o
Tt T i - ." <, - : '\ L
09/02/2024 04h10 ' % g _ % ~
» " ” % T s el

Albert Adria (no centro) prepara um dos pratos do restaurante pop-up que reviveu por trés noites o icénico El Bulli

) . Ferran Adria, a esquerda, no restaurante temporario com vagas disputadas
Imagem: Divulgacao
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Preparando o melhor café possivel ...

ulg’s WOST

uig’/  IWOS'6T

The amount extracted is the amount of espresso.

Top pot
Anti-scald
] handle
50z/150ml Fine mesh——& ™ ™
] . ~ -
1 I > S.
z;.ssc_M (1-3 servings) Silicone
= sealing ring
Coffee grounds] = '
chute ' l
\ el
L@J ~ Funnel
Safety valve
(Note: The water level
does not exceed the
safety valve.) Bottom pot

{ 10.20z/300ml

9.8CM .
3.8in (4-6 servings)
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TERMO II - Energia & Sustentabilidade

Objetivos de desenvolvimento sustentavel
(Agenda das Nacoes Unidas em 2015 para 2030)

@ yOBJETIVE.2S SUSTENTAVEL
\‘\‘W

17 OBJETIVOS PARA TRANSFORMAR NOSSO MUNDO

ERRADICACAD SAUDEE EDUCAGAODE
DA POBREZA

Tdd:l

IGUALDADE AGUA POTAVEL

BEM-ESTAR QUALIDADE DE GENERO

TRABALHO DECENTE 9 INDOSTRIA, INOVACAD 10 REDUCAD DAS
ECRESCIMENTO DESIGUALDADES
EG)NOMEO

13 ACAOCONTRAA rNASZT '\%llljsltl;l&dsi 1
MUDANGA GLOBAL lFIGAZES

PARCERIAS EMEIOS
DE IMPLEMENTACAD

Os Objetivos de Desenvolvimento Sustentavel sGdo uma chamada universal a acdo para erradicar a .,
pobreza, proteger o planeta e melhorar a vida e as perspectivas de todos, em todos os lugares



PROJETO
25/06

APRENDIZAGEM

BASEADA EM
PROJETOS

INOVAGAO E ALUNO TEM
ORIGNALIDADE VCE E ESCOLHA

ESPIRITO DE REVISAO E

SOBRE O
DO ALUNO PROCESSO

PRINCIPAIS
CONHECIMENTOS E
HABILIDADES NO

SECULO 21

TER UM

Pm“'—‘““i APRESENTAGAO
OU GUESTAC DE PROJETO

DESAFIADORA PARAO PUBLICO
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"Mas eu ndo quero ir para o meio de gente louca!"
pode evitar."”

— "Ah, mas isso vocé ndo
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Entregaveis

Desenvolvimento de objetos de aprendizagem para Ensino Médio
(Jogos, Material Educativo, ...)

Infografico / Manga / Wikipédia
Divulgacao cientifica (podcast, video, ...)

PITCH

((c § ).

mmmmmmn  PODCAST
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Dinamica das demos e projetos

1. Formacao dos grupos
7 grupos com 4 integrantes

2. Definicao dos temas (Proxima aula)
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De sala de aula a Wikipédia

Quanto conhecimento previo voceé realmente precisa para
explicar um conceito/fendbmeno em fisica?

AR
‘,13’5’

WIKIPEDIA

A enciclopédia livre

1) Compartilhe seu conceito 3) Identifiquem qual o 5) Revise a versao em
favorito com o grupo conceito fisico central portugués desse conceito

4) O que temos na na Wikipedia.
2) Escolham a mais Wikipédia sobre esse

“‘Interessante” conceito ?
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1. ANALISE GERAL DA PROPOSTA

WA Ths " . . . . . . 2.5 Analise da viabilidade da execucao do projeto utilizando a infra-estrutura disponivel e no
1.1 A "Analise Geral da Proposta" deve sintetizar os 3 itens de analise deste formulario: 1.

- i - nEvE o E - =ot=] - prazo previsto.
Analise do Projeto de Pesquisa; 2. Historico academico do Candidato; 3. Historico de Pesquisa
do Supervisor. Por favor preencha este item depois de preencher o restante do formulario.

2.6 Conclusao sobre a analise do Projeto de Pesquisa apresentado. (Preenchimento
obrigatorio)

2. Por favor, analise o PROJETO DE PESQUISA proposto, conforme roteiro abaixo: Excelente

2.1 Definicao e pertinéncia dos objetivos. Muito boa

Muito boa, com algumas deficiéncias facilmente sanaveis
Boa

Boa com deficiéncias

Regular

Com sérias deficiéncias

2.2 Originalidade e importancia da contribuicao pretendida para a area do conhecimento em
que o projeto proposto se insere.

2.3 Fundamentacao cientifica e os métodos empregados.

2.4 Adequacao do projeto a um programa de pos-doutorado.
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Pitch (3 a 10 min para nos convencetr)




Agosto 2020

Pitch evaluation sheet temname

n Preblem to solve BIGNO @

Is there a clearly defined customer segment?
Am | confident that the team truly understands the problem?
Do | know how the problem is currently being solved?

Is the problem space big enough to break even at a fraction of the market?

L ]

n Solution/offering BIGNO @

Is the proposed solution clear?
Does the proposed solution solve the problem?
Is the solution sufficiently differentiating from existing solutions?

Does the proposed solution fit within the strategy?

H Value of solution/offering BIGNO e

Is the business model clear and sustainable?
Does the business model deliver value to all stakeholders?
Do | have a solid understanding of how much value this solution will capture?

Are the underlying assumptions about the business model clear?

[ ]

n Credibility BIGNO ®

Do | feel that the pitch is based on solid evidence?
Do | understand the remaining assumptions?
Did the team involve customers to validate assumptions?

Do | have a good overview of why it might fail?

H Call to action/ Next steps BIGNO e

Are there clear next steps suggested?
Do | know the amount of resources needed (people and budget)?
Do | have clear criteria for the next stage gate?

Do | know how the team wants to scale their solution/offering?

u The team should continue n What can | offer?

[ ]

BIG YES

BIG YES

BIG YES

BIG YES

BIG YES

BIG NO ® ® BIG YES
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Design Thinking / Design Sprint

U
. ﬁ{ﬂ”
)

SEXTA

Entender Desenhar Decidir Prototipar Testar

SEGUNDA-FEIRA TERCA-FEIRA  QUARTA-FEIRA QUWTA-TEIRA  SEXTA-Fepp

® Ratalha

@ Storyeoocd
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Propostas — Defini¢ao - Hoje as 11:11

1) MONIAC

2) Microfluidica

3) Sonificacao

4) Teatro de sombras

5) Gastronomia molecular

6) Energia e sustentabilidade
7) Fisica do Corpo Humano
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Posi¢oes abertas

Jornalismo Cientifico .MESP

Projeto SPEC - Imperial College London

Bolsa Fapesp — 6 meses - R$ 1.080,00 - 10 hs semanais
Energia / Células Combustivel / Hidrogénio

Monitor — Exposicao Centenario da Eq. de Schrodinger
Projeto PRCEU - IFSC / IFUSP

Bolsa USP - 6 meses -R$ 700,00 - 10 hs semanais C{\'\
RCEU

Games / Tabela Periodica PRCI b
N
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