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The circle of scientific discovery

From data to model

Datalanalysis
Experimental iHheoretical
data model

From model to data
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Reflection

» Human exploration of natural laws:

« Advantages: mterpretablllty, conciseness, universality

i le
Titj,’_ +he
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New

* Disadvantages: long period, preconceived notion, paradigm?

insufficient ability to handle complex problems

LHEGEIYERS Gravitational Mass

£ ’.
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Al technology in nutshell

» Symbolism » Connectionism » Behaviorism
 intelligence represents by  intelligence emerges from * intelligence learns in
relations of concepts connection of neurals feedback of environment

State reward action
St Rt At

O concept
Basketball
Player O entity
D literal

—» relationship

““““

S..[ Environment 4——

Large Language Model
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Advancement in LL.LMs

> LLMs: rapid advancement in recent vears
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Advancement in LLLMs

» LLMs and their derivative products excel in general domains

* Paper writng

* Chat client * Translation
& Q =
@ e DeeplL QR
& sakana.ai
ChatGPT
« Coding * Research

 Paper review

paperreview.ai m Cline
By Stanford ML Group
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Al-driven scientific discovery

Continuous and autonomous scientific discovery?

Sti l l an open iSS u e ! Reddy and Shojaee, 2412.11427
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Symbolic Regression

* Linear Regression: a x + b to describe a given dateset

+ Symbolic Regression (SR): A functional expression describing variables in a given dataset

« Without prescribing the specific form of the function

(+)
R
o vt omaes 0 L
ONONO

(22 —(%))+(?*cos(‘f))

Genetic programming SR
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Classification of SR Algorithms

» Classify by algorithmic principles

Based on Genetic Programming, such as Bingo

Based on Sparse ldentification, such as PySINDy

Based on Bayesian/Probabilistic Model, such as HierBOSSS

Based on Symbolic Search/Tree Exploration, such as QLattice

Based on NN and/or LLMs, such as Al Feynman, Deep Symbolic Optimization, IdeaSearch

Recent Advances in Symbolic Regression
Interpretable Scientific Discovery with Symbolic Regression: A Review 11/40



https://dl.acm.org/doi/10.1145/3735634
https://arxiv.org/abs/2211.10873
https://ntrs.nasa.gov/citations/20220005435
https://arxiv.org/abs/2111.08481
https://arxiv.org/abs/2509.19710
https://arxiv.org/abs/2104.05417
https://arxiv.org/abs/1905.11481
https://arxiv.org/abs/2505.10762

SR for Feynman Integrals

» Applications in Feynman Integrals

« Extract the full symbol alphabet of multi-loop Feynman integrals
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SR summary

» Symbolic Regression:

« Automatic Discovery
* Interpretability
* Limited expressive capability

« Search space explosion

Close

» Limited cross-problem transferability
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Funsearch

» Funsearch: find programs instead of symbolic functions

FunSearch
Iterative evolutionary procedure S
At each iteration, the LLM is shown a Pre-trained LLM oy @
selection of the best programs it has @ - / [jé
generated so far (retrieved from the Specification Y \ B = Novel program
program database). = | — / = D —
LLM generates new programs, which are
automatically evaluated. . :
The best one are added back to the o =
programs database for the next iteration. EQ?SL?ZS

Romera-Pareds, et al., Nature 625, 468-475 (2024)

FunSearch = LLM + Evaluator + Evolutionary Search
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Cap set problem

» The applications of Funsearch:

* Objective: Finding the largest set of

‘) - " -
points in high-dimension grid, where
. . . e o e » -
no three points lie on a line. |
K’o__ o .
n 3 4 5 6 /4 8 N S/
Best known 9 20 45 112 236 496 \
FunSearch 9 20 45 112 236 512

Cap set problem in two-dimension grid
 FunSearch generated programs that

discovered the largest cap sets found

in 20 years
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Funsearch Summary

Automatic Discovery

Interpretability

Flexible expressive capability

Extremely high cost, slow convergence, strong randomness

Limited cross-problem transferability
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A challenge for discovery

Throw an apple

» Specific model for one experiment

« Explore relations for a set of data

« Symbolic regression, funsearch, ... parabolic path

» General model for a large set of experiments Universal

gravitation and
* How to define and explore relations between specific models? Newton’s laws

» Is it possible for Al to reproduce human’s theories?

19/40



Al-Newton’s architecture

Experiment base Autonomous discovery workflow Theory base
( Experiment 1 \Experiments [ Symbols ] Fang’ Jian’ Lx’ YQM’ 2504.01538
Concepts representl Textract
w C )
\I Laws ( oncepts
I
1
1
[ Experiment 2 ] /\ represent l T extract
1
; f Laws ] Replaced by
[ bpermenn | :%L LLM agents for

/

real discovery

-3 . . o . . e . ) ey . .
I_ , Recommendation engine I_j Symbolic regression [| ) Differential algebra & variable control 1_ ) Plausible reasoning

» Knowledge base (experiment + theory):

stores and manages structured knowledge
core: physical concepts
» Knowledge representation: 1. Concise laws
employs a physical domain specific language(DSL)
2. Reduced

> Autonomous discovery workflow:
y search space

continuously explores physical laws, core: plausible reasoning

collaboratively updates both general and specific knowledge

20/40



Tests and results

» Based on noisy data, important natural laws are discovered!
» Unsupervised! Without prior physical knowledge!

Physical objects

Schematic of experiments

O—
"y —

(1)

gravity
¢ near Earth's surface

O O

@)

Discovered important general laws

Energy conservation
Z T, + Z 0,V = const.,
ke{x,y,z} Ae{k,g,G}

where T, and V, are defined as:

universal

itati _ § : 2
gravitation TK — mivl‘,Ky

/AN
77 (@ﬁ% (O """" Ol i Particles
N O Vi = Z ki(L; — Lo,)%

/ko N 9 i€Springs

Vg = Z 2m;igzi,

ieParticles

i,j€Particles

Newton's second law

(62=0o0r1, determined spontaneously during
instantiation as specific laws in experiments)

Fang, Jian, LX, YQM, 2504.01538
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Tests and results

» Statistical analysis of concept discovery timing:

Fo |
G, Vs 1
Fg
Fk 1

Vg 1

Concepts

» Incremental progression, diversity

Vi

3 < x~ @ o = o

S —
]
.
—_—
f—————llr—————}
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R
e
e
e
0 100 200 300 400 500 600 700 800

Number of trials

Fang, Jian, LX, YQM, 2504.01538

(Roman numerals for era numbering)
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Al-Newtion Summary

Automatic Discovery

Interpretability

Cross-problem transferability within certain area
Efficient compressed Search space

Limited expressive capability

High cost in mathematics

23/40
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Recent Big News

» First Al-assisted paper of theoritic physics published on PLB

@ steve hsu & . H3 _
: | think I’ve published the first research article in theoretical physics in
which the main idea came from an Al - GPT5 in this case. The physics

research paper itself (on QFT and state-dependent quantum mechanics)
has been published in Physics Letters B.

I've written an

hsu, 2511.15935

High Energy Physics - Theory

[Submitted on 19 Nov 2025]

Relativistic Covariance and Nonlinear Quantum Mechanics: Tomonaga-
Schwinger Analysis

Stephen D.H. Hsu

We use the Tomonaga-Schwinger (TS) formulation of quantum field theory to determine when state-dependent additions
to the local Hamiltonian density (i.e., modifications to linear Schrodinger evolution) violate relativistic covariance. We
derive new operator integrability conditions required for foliation independence, including the Frechet derivative terms that
arise from state-dependence. Nonlinear modifications of quantum mechanics affect operator relations at spacelike
separation, leading to violation of the integrability conditions.
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Recent Big News

» But maybe a false alarm

* Flaw has been pointed out
Oppenheim, 2512.07809

Nonlinear Quantum Mechanics and Artificial Intelligence

Jonathan Oppenheim?

! Department of Physics and Astronomy, University College London, London WC1E 6BT, United Kingdom
(Dated: December 9, 2025)

We examine a criterion for relativistic covariance of nonlinear quantum field theory recently
proposed by GPT-5 and published in Physics Letters B. We show that this criterion inadvertently
tests a different property—Ilocality of the Hamiltonian—and is insensitive to whether the theory is
nonlinear. We recall the correct criterion, identified by Gisin and Polchinski thirty-five years ago,
and reformulate their result in field-theoretic language.
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Challenges for scientific Al

> LLMs’ reliability often drops in scientific problem-solving
> Prioritize perfect performance over cost control

» Caused from the inherent complexity of natural sciences

* Long, multi-step and unstructured reasoning
 Modeling of real-world scenarios

* Understanding of fundamental laws

* Implicit constraints

 Deterministic & probabilistic, precise & approximate

» Hard to detect due to logical leaps in the provided answers

 Both human and Als alike tend to omit steps they consider "obvious" 27/40



How to address this issue?

» Logical Chain Augmentation (LOCA)

« Enforcing logical completeness and structurally decomposing reasoning steps into

verifiable principles and derivations, within an augment-and-review loop

Fang, Jian, LX, et al., 2510.01249
Jian, LX, et al., 2511.10515
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Overview of LOCA’s pipeline

Jian, LX, et al., 2511.10515

Raw Solution(S,4,,)
& Augmentation Augmented Solution

Problem Interpretation Agent " pain Completion (Saug)
= (sll 1k) o5
IE > () 25
E] 2, Sfr'uc'ru,r'ed Decomposition O‘
Direct 4 A § Sij = (Pijy D) y. l Revi
Prompting A;:l:'r:
Interpretation @ El @ LEJ
Agent
98 B & &)
. \) Atomic & Sequential l l
Question False Review
True @‘ Feedback |— -| |_ ] Feedback
. (max) .
1 Nurg 2 Nurg * 2 l Summarization
= &,& Agent
= | True @: |x I -
= N pyman "Correct” :
Final Solution corr = Tcorr Summarized
| Feedback

False
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The CPhO: a challenging testbed

» The Chinese Physics Olympiad (CPhO): a premier national
physics competition organized annually in China

» For our evaluation, we focus on the theory examination of the
42nd CPhO 2025 (final round held in Fuzhou at the end of
October)

« Demands of long, multi-step reasoning
* Multimodal problems

* No data contamination issue

30/40



Overall performance across various base LLMs

Jian, LX, et al., 2511.10515

» Overall performance of LOCA-R on four mainstream LLMs

350 A

325 1

300 A

275

225 A

200 A

175

150 -

Performance Comparison of LLMs with Direct Prompting vs. LOCA-R

% Direct Prompting Score
B L OCA-R's Score
“ Points Lost (Direct Prompting)

N s Points Lost (LOCA-R)
\——-— Full Score

Full Score: 320 .

B

be, o ©

Total scores for th. Problem: 320

Highest score of human: 207
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Comparison across more baseline methods

» Comparison of LOCA-R and more baselines

Jian, LX, et al., 2511.10515

Table 1: Comparison across baseline methods. Gemini 2.5 Pro is used for all cases, and results are
presented as the score of each theory problem, the total score of all 7 theory problems and the error rate
defined in Eq. 7. Bold indicates the best performance. LOCA-R consistently achieves the highest score and

the lowest error rate.

Method | 1 2 3 4 5 6 7 | Total Score | Error Rate
Human’s highest | - - - - - - - | 204 | 36%
Direct Prompting | 45 41 45 33 39 39 40 282 12%

Zero-Shot-CoT 45 37 45 45 45 38 40 295 7.8%
Few-Shot CoT 45 45 45 41 45 42 139 302 5.6%
ToT 45 45 45 41 45 40 39 300 6.3%

GoT 45 34 20 36 45 39 139 258 19%
MAD 45 33 42 43 45 44 40 292 8.8%
Self-refine 45 43 45 35 39 41 40 288 10%
PSN 45 32 39 43 45 43 45 292 8.8%
LOCA-R(ours) | 45 45 45 45 45 43 45 313 2.2%
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Challenge for Advanced Theoretical Calculation

» Example: perturbative Quantum Field Theory

e +yoe 4y
Dirac Algebra: e.g. Tr[y,v,V,vov"y'y?y°]

&

==) Family Decompose: [M|* =  a,l,

% = Integral Reduction I; = 3 ¢;J;
Feynman Integral

S

d

dSI=A-J

Integral Calculation

o= [ (o) =
aw = J\ M gor ) @—hae 62

1=

34/40



Solution 1: Prompting

» Guide LLM to solve heavy reasoning problem step-by-step

You will be instructed to convert the noninteracting Hamiltonian {nonint_symbol} in the second
quantized form from the basis in real space to the basis in momentum space. To do that, you should
apply the Fouriertransformto {real_creation_op} inthereal spacetothe {momentum_creation_op}

in the momentum space, which is defined as {definition_of_Fourier_Transformation} , where {real_variable}

is integrated over all sites in the entire real space. You should follow the EXAMPLE below to ap-
ply the Fourier transform. [Note that hopping have no position dependence now.] You should re-

call that {nonint_symbol} is {expression_nonint} Express the total noninteracting Hamiltonian
{nonint_symbol} in terms of {momentum_creation_op} . Simplify any summation index if possi-

ble.

Use the following conventions for the symbols (You should also obey the conventions in all my

previous prompts if you encounter undefined symbols. If you find it is never defined or has conflicts https://doi.org/10.

in the conventions, you should stop and let me know): {definition_of_variables} 1038/s42005-025-

01956-y
» Correct errors
PR
C m[oo]mm . .
| « Evaluator for judging

F; : = . .
__- 0; @ o001 (in these paper, a human evaluator is used)
(= = [oel T * Reviewer for extracting errors and explanation
Py fie— O ‘
. :. i+1

35/40
m - . .


https://doi.org/10.1038/s42005-025-01956-y

Solution 2: Memory/RAG

> Memory > RAG(Retrieval-Augmented Generation)

Documents V _
= . Chunked D
VECTOR — — ||| Texts Garetats i Z Prompt Embedding
DB sy ~| Embeddings 7 %
Context Conversatlon 2
t WRITE Most relevant text passages (context) ‘
[12345] After
[65432] Goodbye )
- -
|

Vectors Embeddlng

> Difference

Data Updates HEETILE, Batch, Infrequent:
Frequent
personalized, general-purpose,
Primary Use dynamically relatively static
evolving facts domain knowledge
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Solution 3: Tool calling/MCP/Skills

» Tool calling

Leave professional work to professional tools

https://resources.wolframcloud.com/PacletRe
> MCP(MOde| ConteXt PfOtOCO') pository/resources/Wolfram/MCPServer/
Standard protocol for communication  pmcp e
between LLM and Services e e i . (WGP alioss] - & 3

« What tools? " N il J
e How to use?

e When to call?

Local data
sources

Remote
services

37/40


https://resources.wolframcloud.com/PacletRepository/resources/Wolfram/MCPServer/

Solution 4: Multi-Agent Workflow

> Single-LLM belike: » Multi-Agent belike:

38/40



Current Landscape of Al Scientist

* Fully Automated * Human-Al  knowledge-augmented

Workflows Collaboration research platforms

DEEP REf_ .EARCH

PR ' (i)
BRE Q
U3

PhysMaster

’ Dr.« Sal
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> Effective Hamiltonian

pl = 0% D, Dt

H = DIH,M!
n’ Ns + +
E'l‘% n K

- n’ Ne 0

n —-JE'FVE K

- 2ng
K K© ~ 6

Example: Semi-leptonic Decays of Charmed Mesons

» Predictions of decays

H; = [0, Vear vcs]

Decay channels  Amplitudes (in unit of a)
DY > 7 ¢v Ved
D% —» K¢y 7

1
D* — x% ——Va
2
D* — ngty —V.4
V6
D* — K%y Ve
D — KV Vg
2
D} — ngty ——V,
i V6

automates a derivation that traditionally requires substantial expertise
in weak interactions and flavor symmetry

¥
UoU

PhysMaster

Miao, et al., 2512.19799
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Summary and outlook

» Human scientific discovery necessitates a new research paradigm, Al may help
» From data to theory:
* Plenty of ideas proposed

« Surpasses human experts in many topics

> From theory to data:

* Al surpasses human experts for established fields
« Al improves fast for frontier fields

> Al for scientific discovery: remains in its infancy, but very promising

Thank you!

41/40
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Example: raw answer with logical leaps

» For the following question

There is now an electrolyte with thickness L in the z direction, infinite in the z direction, and
infinite in the y direction. The region where y > 0 is electrolyte 1, and the region where y < 0 is
electrolyte 2. The conductivities of the two dielectrics are o4, 72, and the dielectric constants are
€1, €2, respectively. On the zOz interface of the two dielectrics, two cylindrical holes with a radius
R are drilled in the z direction, spaced 2D (D > R, R, D < L) apart, with centers located on the
interface as long straight cylindrical holes. Two cylindrical bodies + are inserted into the holes, with

the type of the cylinders given by the problem text below.

The cylindrical bodies + are metal electrodes filling the entire cylinder. Initially, the system is
uncharged, and at ¢ = 0, a power source with an electromotive force U and internal resistance 7y is

used to connect the electrodes. Find the relationship between the current through the power source

and time, denoted as (t).

> The raw answer is

Given the potential difference w, it can be seen:

2m(e1 +e2)pr  w(er+e2)u
26, ~ arccosh(D/R)

o+ =uf/2,0- =—u/2,A=

Select a surface encapsulating the cylindrical surface and examine Gauss’s theorem. For the positive
electrode, it is easy to see:

o o = AL 2rul
E- =L ¢ FE ndl= =
/./ a5 _?( " (1 +€2)/2  2arccosh(D/R)

Since the above potential distribution is deemed directly applicable for the calculation of current, the
total current flowing out of the positive electrode is:

I:/fdﬁ-d5201;02x 2mul

2arccosh(D/R)
Given the current ¢ passing through the power source, this current changes the net charge:
d(AL) . 2mulL m(e1 +e2)L du

“at "7 Sarceosh(D/R)  Zarecosh(D/R) dt

* Non-atomicity
« Implicit justification

According to the loop voltage drop equation:
U=ryi+u—>u=U—rg
i w(o1 + o2)L __m(e1tel)L 7'0@
2arccosh(D/R) 2arccosh(D/R) " dt
di (014 02)U o1+ 02 2arccosh(D/R)Y .
at ro(e1 + €2) B (51 + €9 nroL(e1 + €2) ) ¢

(U — Toi) =

At time ¢ = (, all current should preferentially enter the capacitor. At this time, the initial current is
U/ro, and this differential equation yields:

9arccosh(D/R) [_ (01 + o 2arccosh(D/R))]}

U
2arccosh(D/R)) { TrToL(O'l + 0’2) o g1 +¢e2 7T'I”0L(61 + 0'2)

‘n"roL(crl +0’2)

i) = T (1 +

43/40



Refined Answer 1

Problem Statement Explanation

The problem describes a physical system composed of two semi-infinite electrolytes, separated by
the zOz plane.

- **Electrolyte 1**: Occupies the region y > 0, with electrical conductivity o and dielectric con-
stant (permittivity) ;.

- **Electrolyte 2**: Occupies the region y < 0, with conductivity o2 and permittivity €.
Two long, parallel cylindrical metal electrodes, denoted as + and —, are placed within this system.

- **Geometry**: The electrodes are of radius R and length L. They are oriented parallel to the
z-axis. Their centers lie on the 2Oz interface and are separated by a distance of 2D.

- **Assumptions**: The geometry satisfies the conditions D > R and {R,D} < L. The latter
condition allows us to neglect end effects and treat the problem as two-dimensional in the zy-plane,
with total quantities (like capacitance and resistance) being proportional to the length L.

At time ¢ = 0, this system is connected to a power source.

- **Power Source**: An ideal electromotive force (EMF) U with a constant internal resistance 7.

- **Initial Condition**: The system is initially uncharged, meaning the potential difference across
the electrodes is zero at t = 0.

The goal is to find the current i(¢) flowing from the power source as a function of time.
Step 1: Equivalent Circuit Model

The physical system can be modeled as a simple electrical circuit. The two electrodes immersed in
the electrolytes act as a capacitor, storing charge, and simultaneously as a resistor, allowing a leakage
current to flow between them through the conductive medium.

- The capacitive nature is due to the storage of electric charge on the electrodes when a potential dif-
ference is applied, with the electrolytes acting as the dielectric material. Let’s denote the equivalent
capacitance as C.

- The resistive nature is due to the flow of charge (ions) through the electrolytes under the influence
of the electric field, from the positive to the negative electrode. Let’s denote the equivalent resistance
of the electrolytes as Rejec-

Since charge can be stored on the electrodes while simultaneously leaking through the medium, the
capacitor C and the resistor R, are in parallel. This parallel combination is connected in series
with the internal resistance r( of the power source with EMF U.

Step 2: Derivation of the System’s Capacitance

The total capacitance is the sum of the capacitances of the upper and lower halves of the system,
which are connected in parallel.

First, we state the standard formula for the capacitance per unit length, C’, between two parallel
cylindrical conductors of radius R with centers separated by a distance 2D in a uniform dielectric

Example: complete and structured answer

» The complete and structured answer with logical rigor

medium with permittivity .

" TE
" arccosh(D/R)
In our problem, the upper half-space (y > 0) is filled with electrolyte 1 (¢1), and the lower half-space

(y < 0) is filled with electrolyte 2 (¢2). Due to the symmetry of the electric field about the y = 0
plane, we can consider this as two capacitors in parallel.

- C1: Capacitance of the upper half, in a medium with permittivity €.
- Cy: Capacitance of the lower half, in a medium with permittivity €.

The capacitance per unit length for each half is:
;7 TEL
Gi= arccosh(D/R)
fo TE2
2™ arccosh(D/R)

@
2

The total capacitance per unit length, C} ,.;,

Ct’utal = C{ + Cé

The total capacitance C for the electrode length L is then derived.

is the sum of the parallel contributions.

mEL TEY _ 7(e1+ea)
arccosh(D/R) t arccosh(D/R) ~ arccosh(D/R)
m(e1 +e2)L
arccosh(D/R)

4 —
Ctotul -

©)

C= Ct’otal L= @

Step 3: Derivation of the System’s Resistance Similarly, the total resistance of the electrolyte is
determined by the two parallel paths for current flow through the upper and lower electrolytes.

For a system with a given geometry, the resistance R and capacitance C' in a homogeneous medium
are related.

rRC =%
o

‘We can apply this relation to each half of our system. - R;: Resistance of the upper electrolyte with
conductivity ;. - Ry: Resistance of the lower electrolyte with conductivity oy.

R fL__ & _ &1 arccosh(D/R) _ arccosh(D/R) )
Yo 01(CiL)  o1L TEY mo L

R— 2 __ & _ &2 arccosh(D/R) _ arccosh(D/R) ©)
2 0202 UQ(CéL) UZL TEQ 71'172L

Since the current can flow through both electrolytes simultaneously, these two resistances are in
parallel. The total equivalent resistance of the electrolyte, Re;.., is given by:

L _1.1
Raee R1 Ry
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Example: complete and structured answer

mo L + mooL _ 7(o1+o2)L @
RELEC arccosh(D/R) arccosh(D/R) ~ arccosh(D/R)
arccosh(D/R)
RE ec = "~/ N1 8
. (o, + 02)L ®

Step 4: Formulation of the Governing Differential Equation

Let i(t) be the current from the source and u(t) be the potential difference across the electrodes.
Applying Kirchhoff’s Voltage Law to the circuit loop:

U =i(t)ro + u(t)

The current ;(¢) from the source splits into two paths in the parallel combination: a charging current
i¢c(t) for the capacitor and a leakage current i (t) through the resistor.

it) = ic(t) +in(t)

The currents ¢ (t) and ir(t) are defined by the properties of the capacitor and resistor:
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Combining these, we get a differential equation relating ¢(¢) and u(t).
) du  wu(t)
t)=C—
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To find an equation solely for i(¢), we eliminate u(t) From the loop law, u(t) = U — i(¢t)ro.
du

Differentiating with respect to time gives
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= —podt ;- Substituting these into Eq. equatlon 9t

C’ro

i Repec
di U 1 1 .
a - CTORelec B (C_TO T CREIec) ! (10)

This is a first-order linear ordinary differential equation for ¢(¢).

Step 5: Solving the Differential Equation The differential equation equation 10 is of the form % +
Bi=A.
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» The complete and structured answer with logical rigor

For our constant-coefficient case, the general solution is i(t) = 4,5 +i(t) = A/B + Ke~ B, where
iss 1s the steady-state current and K is a constant determined by the initial condition.
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The initial condition at ¢ = 0 is that the system is uncharged, so 4(0) = 0. From the loop law,
U = i(0)ro + u(0), which gives the initial current:

i0)=" a3

Applying this to the general solution at ¢t = 0:
i(0) = iss + Ke°
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Substituting 7,5, K, and B back into the solution gives i(t):
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i(t) = (15)

Final Answer

The relationship between the current through the power source and time, i(t), is found by substi-
tuting the expressions for the equivalent capacitance C' (Eq. equation 4) and resistance Re;c. (Eq.
equation 8) into the general solution (Eq. equation 15).

The steady-state current is:
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The decay constant in the exponent is:
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The final expression for the current ¢(¢) is:
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